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STUDY OF THE EPIZOOTOLOGY OF SHEEP BRUCELLOSIS IN SOME REGIONS OF
UZBEKISTAN AND THE RESULTS OF DIAGNOSTIC STUDIES

Abstract

The development of sheep breeding as one of the leading areas of animal husbandry in Uzbekistan requires a
systematic approach to the prevention of particularly dangerous infectious diseases, including sheep botulism
caused by Clostridium oedematiens. The relevance of this study is due to the need for timely detection and
prevention of outbreaks of this infection, which leads to significant economic losses and the death of
productive animals. The aim of the study was to establish the epizootic situation regarding sheep botulism in
the Kashkadarya, Samarkand and Jizzakh regions, as well as to conduct a comprehensive diagnosis of the
disease, followed by the isolation and study of the biological properties of the pathogen. To achieve this
goal, visits were organised to disadvantaged private and karakul sheep farms, where pathological material
was collected from dead animals. Diagnostics included bacteriological studies using Kitt-Tarozzi medium,
Gram staining, microscopy, and biological testing on laboratory animals. It was established that brucellosis
in these regions was mainly recorded during the cold season — autumn, winter and early spring. The disease
mainly affects sedentary and well-fed sheep, especially when grazing in conditions of high humidity. The
isolated strains of CI. septicum demonstrated characteristic growth with clouding of the medium and the
formation of gas bubbles. Laboratory animals infected with the isolated culture showed typical clinical and
pathological changes, confirming the high pathogenicity of the pathogen. The diagnosis was based on a
combination of epizootological data, laboratory tests and bioassays. The results of the study are of practical
importance for determining vaccination schedules, planning anti-epizootic measures and preventing
economic losses in sheep breeding

Keywords: pathogen; Cl. septicum; bacillus; spore; anaerobe; Kitt-Tarozzi; sheep breeding

H3yuenue anuzoomonozuu dpaozoma ogey 6 O30eKcmanobii alpvim AUMAKMAPLIHOA KOWI0POYH

HEeKOmOopbIX pecuonax Yzoekucmana u pezyibmamol
OUAZHOCMUYECKUX UCCIe006AHUIL

AHHOTAIUA

Pa3ButHe oBLEBOACTBA Kak OFHOTO M3 BEYLIHMX
HAIpaBIICHUI JKMUBOTHOBOJCTBA Y30eKkucraHa TpeOyeT
CHCTEMHOT0 TOAX0Aa K HMpopUIaKTHKE 0CO00 OMAaCHBIX
WH(EKINOHHBIX 3a00NIEBaHU, B YHUCIE KOTOPBIX
Opamzor oBen, Bbi3biBaeMblid Clostridium oedematiens.
AKTyaJlbHOCTh HACTOAIIET0 MCCIeNOBaHUS 00yCIOBIEHA

HEOOXOANMOCTBIO  CBOCBPEMEHHOTO  BBIBICHHA U
NpenynpexIeHUss  BCIBIEK  JaHHOW  MH(EeKIHH,
NpUBOAAIIEH K  3HAYMTEIBHBIM  HKOHOMHYECKUM

NOTEPSIM M TAASKy MPOAYKTHBHBIX JKHBOTHBIX. Llenbio
paboTBl  SIBISIOCH  YCTAHOBJICHHE  ANU300THYCCKON
obOcTaHoBKH 1O Opam3oTy oBen B KarrkamapbHHCKOH,
Camapkaanackornr u JKU3akCKOW OONACTsIX, a TaKKke
NPOBeNIeHHNe KOMIUIEKCHOH AUarHOCTHKU 3a00JIEBaHUS C
TOCTIEYIOLIIM BBIJICTICHHEM u U3y4eHUEM
OWOJIOTMYECKHX CBOMCTB BO30ymuTens. [ TOCTHKEHUS
1er ObUTM OpPraHW30BaHBI BHIE3bI B HEOIArOMOIYIHbIE

YaCTHBIE W KapakKyJI€BOIUYECCKUE XOSHﬁCTBa, rac orT
IMaBIINX KHUBOTHBIX OT6I/IpaJIC$I IMaTOJIOTMYECKHI
Marepual. Z[I/IaFHOCTI/IKa BKJIIO4ajaa

0aKTEepPHOIIOTUIECKNE UCCIENOBAHNS C UCIOIh30BaHUEM
cpensl Kurra-Taponum, okpacky MaskoB no I'pamy,
MUKPOCKOITHIO, a TakKe OWOJIOrMYecKyro mpo0y Ha
Ta00paTOPHBIX KUBOTHBIX. Y CTAHOBJICHO, YTO Opaj30T B
YKa3aHHbBIX peruoHax perucTpupoBacs
MPEUMYIIECTBEHHO B XOJIOAHOE BPEMsI roJla — OCEHbIO,
3UMOM W paHHEH BecHOH. 3a00JCBaHUIO TONBEPKEHEI,

OpAO30MYHYH INUI0OMONOUACHIH UIUTLO00 HCAHA
OUAZHOCMUKATIBIK U3UTL006010POYH HCHLILBIHMBIKIMAPbL

AHHOTAIIUA

O30ekcTaHaarsl  Majd  4apOaubUIBITBIHBIH  HETH3TH
OarsITTapblHBIH OMpPH OONTOH KON dYapOaYbLIBITBIHBIH
OHYTYIIY 03ro4eo KOPKYHYYTYY MH(EKIUSITBIK
OOpyNapIplH  alJblH  ajlyy OOIHYAa  CcUCTeMallyy

MaMMJIEHHH 3apbUIABITBIH TYyAypaT. AlapabslH KaTapblHIa
Clostridium oedematiens 6akTepHsICBIHBIH TYPTKY OOJITrOH
KoimopayH Opam3ory ©Oap. VYdypmarsl HW3WINOOHYH
aKTYyaJAyyJIyTy — aTajJral MHQEKINUIHBIH KbIpAaanIapblH
63 yOarbIHJa aHBIKTOO JKaHa aJIIbIH aJlyy 3apbULIbITBIH/A,
aHTKEHH Oyl O0Opynyy SKOHOMHKAJIBIK YBITBIMAAPIbI
KeOOHTYI, MPOAYKTHBAYY MAaJJapAbIH ©JYMYHO aibll
kener. zmnneenyH makcatsl — Kamkagapus, Camapkasng
kaHa J[xm3ak oOiycTapblHIA KOWIOpAYH Opam3oTyHYH
3MHU300TONOT USUTBIK abanbIH aHBIKTOO, 00pyHY
KOMIUIEKCTYY JAWarHOCTHKAI00, OOPYHYH KO3TOT'Y4yH
Oexym anmyy jkaHa aHBIH OWOJOTHSIIBIK KAaCHETTEpUH
m3minee 6omay. MakcaTka JKeTYy YIYH KeWUTemiyy jkeke
JKaHa Kapakyln dvapOanapblHa OapbIIIBII, Ka3a OOJTOH
MaJIJap/iaH MaTOINOTHKAJIBIK MaTepras ajabIH/IbI.

Junarnoctuka Kurr-Taponuu 4epecyHae
OaKTEepHONOTHANIBIK ~ M3Wieenepay, Ipamra OGoEony,
MHUKPOCKOIMSIHBI JKaHa J1TabopaTOpHsUTBIK >KaHbIOApiIapaa
OMOJOTHSUTBIK CHIHOOHY KaMTHIAbl. AfiMakTapia Opan3oT
HETM3WHEH CYyK ME3THJ — Ky3, KBIII JXaHa JpTe >Ka3

aiimapeina  karranrad. OQopyyra  HETM3WHEH a3
KBIAMBUILYy JKaHa > KaKIIbl CajJMaK ajiraH KOHJop
CE3TCHTWITEH, aipbIK4a JKOTOPKY  HBIMIYYIyKTarbl
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TJIaBHBIM ~ 00pa3oM, MAIlOMOJIBIKHBIE K XOPOIIIO
YIHUTaHHBIE OBIBI, OCOOCHHO IPH MACThOE B YCIOBHUSIX
MOBLIIIEHHON BiaXHOCTH. Brimenennsie 1mramMmber Cl.
septicum TMPOJAEMOHCTPUPOBAIA XaPAKTEPHBIH pPOCT C

IIOMyTHEHHEM Cpensl W 00pa3oBaHMEM Ta30BBIX
ITy3bIPBKOB. v 712a00paTOPHBIX JKUBOTHBIX,
MHQUIMPOBAHHBIX BBIJIEJICHHON KYJIbTYpOH,
HaOJII01aIuCh TUIAYHBIE KJIMHUYECKHE u
[IaTOJIOTOAHATOMUYECKUE N3MEHEHMS,
TIOATBEPXKIAIOIIHE BBICOKYIO MIATOr€HHOCTh
B030ymuTend. JlMarHo3 ycTaHaBIMBAlCS Ha OCHOBE
COBOKYITHOCTH STIHU300TOJIOTHY ECKUX JIAHHBIX,
1a00paToOpHBIX TecTOB M OuonpoObl.  PesynbraThl
WCCIIEIOBAaHUSI HWMEIOT TPAaKTUYECKOe 3HAa4YeHWe s
00OCHOBaHMSI CPOKOB  BaKIMHALIMK, I[UIAHUPOBAHUS
MIPOTUBOAIN300THYECKUX MEpOTPUSTHI u
MIPEOTBPAICHUS HKOHOMHUYECKHX noTepb B
OBILIEBOJICTBE

Knrwouesste cnosa: Bozoynurens; Cl. septicum; Oanuiia;
cnopa; ana’pod;  Kurr-Tapouum;  oBieBogueckoe
XO03SIHCTBO

xaipiTTapia. bemynyn anbmaran Clostridium  septicum
MTaMMJIapbl ©3re4e ecyy MEHEH, YelpeHyH OynaHyycy
JKaHa ra3 KeOYK4YesllopyHYH Taiima Oomymy MeHeH
MYHe31em1y. JlabopaTopHsIIbIK XKaHbIOapiapaa 0eyHreH
KyJAbTypa  MEHEH  OKyry3yiraH ydypAa  THUNTYY
KJIMHUKAJIBIK JKaHa MaTOJIOr0aHaTOMUSUIBIK ©3repyyJiep
OaiikanraH, OyJl KO3TOTYYTYH J>KOTOPKY IaTOT€HIUTHH

TaCTBIKTA/Ibl. Juarnos SMHU300TOOTHSIIBIK
MaaJibIMaTTap/blH, J1a0OpaTOPUSUIBIK TECTTEPIUH KaHa
OMOJOTHSUTBIK ~ CBIHOOHYH ~KOMIUIEKCHHUH — HETH3WH[E
Koronay. M3unneeHyH  KBIMBIHTBIKTAphl  AMAOOHYH
MOOHOTTOPYH  Oelrumieenlo,  SMU300THUATa  Kapulbl
yapaapasl IIaHAATHIPYYAa xKaHa KOU
4apOa4ybUTBITBIHIATEl  AKOHOMUKANBIK  JKOTOTYYJIapIbIH

AJJIBIH allyyaa MpaKTUKaJIbIK MaaHUT'e 35

Auxwry co30ep: xosroryy; Cl. septicum; Ganmna; criopa;
aHa’po0; Kurr-Taporuu; koit gapbacer
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Introduction

Sheep brucellosis remains one of the serious factors limiting the development of karakul
sheep farms and private households in the Republic of Uzbekistan. In this regard, the development
of resource-efficient and import-independent preventive measures to combat infectious animal
diseases is particularly relevant. Since 2018, large-scale measures have been implemented in the
republic to prevent and control anaerobic infections affecting large and small ruminants. Among the
key tasks in the field of animal husbandry, the priorities remain increasing livestock numbers,
improving productivity, ensuring full reproduction, proper animal care and the prevention of
dangerous diseases.

In order to ensure the sustainable development of karakul sheep breeding, increase the
number of karakul sheep, expand production and processing, improve breeding work and social
support for industry specialists, a set of regulatory and legal acts regulating state support for the
sector was adopted. In particular, Decree of the President of the Republic of Uzbekistan No. DP-60
(2022), Resolution of the President of the Republic of Uzbekistan No. RP-3603 (2018), and Decree
of the President of the Republic of Uzbekistan No. PP-224 (2022) are aimed at addressing the
above-mentioned tasks.

However, despite the creation of additional opportunities and conditions, the problem of
developing and increasing the productivity of sheep breeding remains widespread. The study by H.
Esmaeili et al. (2025) examines the clinical and laboratory aspects of malignant oedema in sheep
caused by Clostridium septicum, a pathogenic anaerobe similar in characteristics to the causative
agent of brucellosis. Based on the study of clinical cases in imported sheep breeds (I1-de-France and
Roman) in three farms in Iran, the authors conducted a comprehensive diagnosis, including
bacteriological studies, Gram staining and PCR identification of the pathogen. The high
pathogenicity of C. septicum and the need for early diagnosis of the disease were established, as its
course is rapid and leads to death. It was noted that despite the availability of vaccines, the disease
remains insufficiently studied and covered in veterinary practice.

A. Mussayeva et al. (2024) analysed outbreaks of brucellosis and anaerobic enterotoxemia in
sheep in various regions of Kazakhstan in 2021-2022. Pathological material was examined using
Kitt-Tarozzi medium, glucose-blood agar, microscopy and bioassays on guinea pigs. The cultural
and morphological properties of Clostridium perfringens (types A, B, SVT, D), CI. septicum and
Cl. oedematiens were characterised. Over the decade, 15 cases of botulism and 44 cases of
enterotoxemia were identified, with the majority occurring in the Zhambyl region. The authors
attribute the low incidence to systematic vaccination, emphasising the importance of prevention and
its potential as a model for other countries.

The article by R.M. Uragova & H.S. Salimov (2021) presents experimental data on the
determination of 50% and 100% lethal doses (LDso and LDq,) of the causative agent of brucellosis
— Clostridium oedematiens in guinea pigs. The bacteria were isolated from pathological material
from sheep that had died from brucellosis and cultured in Kitt-Tarozzi medium. The authors
emphasised that the most important predisposing factors for the development of the disease are
winter and early spring grazing of sheep in high humidity, helminth infection, and deficiency of
proteins, vitamins, and minerals, which leads to a decrease in the overall resistance of the organism.
It has been established that Cl. oedematiens is a motile anaerobic microorganism capable of
sporulation in the body of a dead animal. Infection occurs through feed, water, soil and manure. The
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results of laboratory determination of lethal doses are important for understanding the pathogenesis
and toxicity of isolated local strains, as well as for the development of effective preventive and
diagnostic measures against brucellosis in sheep.

P. Thomas et al. (2021) presented the first complete genomic sequence of the C. septicum
DSM 7534T strain and performed a comparative analysis of five genomes of this species. The data
revealed a stable phylogenetic position of C. septicum, significant variability in prophages, CRISPR
elements, and restriction-modification systems, as well as the presence of an extensive pool of
virulence genes, including sialidase, collagenase, haemolysin, and leukocidin homologue genes.
These results shed light for the first time on the genetic plasticity and pathogenicity of C. septicum,
expanding understanding of its role as a dangerous zoonotic pathogen.

To develop effective measures to combat brucellosis, it is necessary to study its epizootiology
and improve methods for diagnosing and preventing the disease. Of particular importance in this
regard was the isolation of local strains of the pathogen from pathological material taken from
sheep in farms affected by brucellosis and the study of their cultural, morphological and biological
characteristics. The aim of the study was to isolate the pathogen from pathological material from
sick and dead animals, to study its cultural-morphological, tinctorial, biochemical and biological
properties in order to substantiate the diagnosis and develop preventive measures.

Materials and methods

The study was conducted in 12 sheep farms located in the Kashkadarya, Samarkand and
Jizzakh regions of the Republic of Uzbekistan. The total number of sheep in the surveyed farms was
about 8,000, which corresponds to the number of sheep in focal flocks with an increased incidence
of brucellosis. At the same time, the total number of sheep in the three regions is about 50-70
thousand. For bacteriological studies, pathological material (75 samples) was collected from dead
animals (Fig. 1): pieces of liver, heart, kidneys, tubular bones and muscle tissue from the affected
areas (Fig. 2). Samples were collected in accordance with the rules of asepsis and antisepsis.

N x g

Figure 1. Sheep dead from brucellosis
Source: photos taken by the authors
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Figure 2. Damaged internal organs

Source: photos taken by the authors

In the immunology and biotechnology laboratory of the Veterinary Research Institute
(Tashkent, Uzbekistan), pathological material was subjected to bacteriological examination. For
microscopic analysis, smears were prepared on microscope slides from the organs under
investigation. The smears were air-dried and fixed over the flame of an alcohol lamp, which
ensured their sterility and prevented bacterial growth during subsequent staining and microscopy.
After fixation, the smears were stained according to Gram, which allowed microorganisms to be
differentiated into Gram-positive and Gram-negative. The staining technique included the
sequential application of carbolic acid solution of gentian violet (1-2 minutes), treatment with
Lugol's solution (1 minute), decolorisation with alcohol (about 30 seconds), additional staining with
an alcohol-water solution of fuchsin (1-2 minutes), after which the preparation was washed with
water and dried (Eleusizova, 2018). To isolate bacteria, the surface of the organs was burned with a
heated scalpel, then tissue fluid was collected from the tissues using a Pasteur pipette and seeded
into test tubes with Kitt-Tarozzi medium (Litusov, 2015). The test tubes were incubated in a
thermostat at 37-38 °C for the growth of microorganisms.

To confirm the pathogen and make a diagnosis, biological tests were carried out on laboratory
animals (guinea pigs), which were infected with a daily culture of the isolated pathogen,
Clostridium septicum. Clinical signs, pathological changes and the results of bacteriological studies
were observed. Epizootological data were collected during business trips to the farms under study,
together with local veterinary specialists, where information on the spread of the disease, the
conditions of keeping and the nature of the affected animals was recorded.

To prevent and control brucellosis, sheep were vaccinated twice 35-40 days before being
taken to pasture, with an interval of 12-14 days. The vaccine doses were: 2 and 3 ml for adult sheep,
1 and 1.5 ml for lambs up to 6 months old, respectively, administered intramuscularly into the inner
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hairless surface of the hind limb. Immunity developed 10-12 days after the second dose (Dunlop &
Malbert, 2004).

When the disease was detected on a farm, restrictions were imposed: a ban on the import and
export of animals, and on the movement or transport of healthy unvaccinated sheep. Sanitary
measures were carried out — destruction of carcasses, manure and feed residues by burning,
disinfection of the territory with solutions of chlorinated lime (3%), formaldehyde (5%) and caustic
soda (5%) with re-treatment after one hour.

During the research, all applicable ethical standards and requirements governing the use of
animals for scientific purposes were observed. All manipulations with animals were carried out in
strict accordance with the regulatory documents of the Republic of Uzbekistan and international
standards for the treatment of laboratory and farm animals (International Standards for the Care...,
2019). Biological tests on guinea pigs were carried out using the minimum number of animals
necessary to achieve reliable results. Before the start of the research, a positive review (permission)
was obtained from the ethics committee of the Research Institute of Veterinary Medicine.

Results

The disease was recorded in various pastures, pens and subsidiary farms, mainly during
sudden changes in weather conditions and violations of sanitary and hygienic standards for animal
husbandry. Among the sheep examined in individual flocks, a high incidence of brucellosis was
detected — in some cases it reached about 30%, while the mortality rate among those affected
remained extremely high — 90-100%. The incidence rate among the total sheep population in the
regions studied was estimated at approximately 1-1.5%. The highest number of cases was recorded
in the Shakhrisabz district of the Kashkadarya region, the Payaryk district of the Samarkand region
and the Gallyaaral district of the Jizzakh region, as shown in Figure 3.

[MPOLLEHT]

B Kashkadarya Region
B Samarkand Region

Jizzakh Region

Figure 3. Prevalence of brucellosis by region (number of sheep affected)
Source: compiled by the authors

Based on the data presented in Figure 3, the highest epizootic intensity was observed in the
Shakhrisabz district of the Kashkadarya region, where approximately 350 sheep were reported to be
infected. A significant number of cases were also detected in the Payaryk district of the Samarkand
region (approximately 280 animals) and the Gallyaaral district of the Jizzakh region (approximately
180 animals). This distribution indicates a probable dependence of the spread of brucellosis on
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environmental and economic-organisational factors. The disease was particularly intense in areas
with a high density of sheep farms and inadequate sanitary control over housing conditions.
Increased susceptibility of animals was observed during spring and summer fluctuations in
temperature and humidity, which apparently contributed to the activation of the pathogen and the
occurrence of acute outbreaks.

The studies established that sedentary and well-nourished sheep were highly susceptible to the
disease, becoming infected mainly when grazing on pastures, whereas lambs contracted the
infection in pens or household conditions. Despite the absence of a pronounced seasonal
dependence, brucellosis in sheep is more often recorded between October and March. The main
predisposing factors are winter and early spring grazing in pastures with high air humidity — the
presence of dew, frost and precipitation, which creates favourable conditions for the contamination
of feed and pastures with the pathogen.

An additional risk factor is a decrease in the overall resistance of the body caused by
helminthiasis and disturbances in protein, vitamin and mineral metabolism. Immunodeficiency
states contribute to the penetration of Clostridium septicum into the digestive organs and the
accelerated development of the pathological process. Thus, temperature and humidity conditions,
combined with the physiological weakening of sheep, create a favourable background for the
development of brucellosis and high mortality among affected animals.

To confirm the diagnosis and clarify the aetiology of the disease, laboratory tests were carried
out on pathological material taken from dead and clinically ill animals in outbreak areas. The
material under investigation was sent to the Laboratory of Immunology and Biotechnology of the
Research Institute of Veterinary Medicine, where bacterioscopic and bacteriological analyses were
performed. Particular attention was paid to the isolation of a pure culture of the pathogen and the
determination of its morphological and cultural properties. Figure 4 shows the growth of the
causative agent of brucellosis in anaerobic conditions, accompanied by clouding of the nutrient
medium and the formation of gas bubbles under petroleum jelly oil.

Figure 4. Growth of the causative agent of blight with clouding of the culture medium and formation
of air bubbles under petroleum jelly oil

Source: compiled by the authors
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The figure shows test tubes with meat-peptone broth inoculated with pathological material
taken from dead sheep in areas suspected of having brucellosis. Incubation was carried out under
anaerobic conditions at a temperature of 37°C for 24-48 hours. Characteristic signs of obligate
anaerobic growth are visually observed: clouding of the medium, flaky sediment and the formation
of gas bubbles under a layer of petroleum jelly oil, indicating active metabolic activity of the
pathogen. The change in the colour of the medium from light yellow to dark brown may be due to
the formation of metabolites and protein breakdown products accompanying the vital activity of
clostridia and confirms the reproduction of the pathogen and its interaction with the components of
the culture medium. However, the colour of the medium is not a specific diagnostic feature. Thus,
the results of bacteriological culture confirm the presence of Clostridium septicum in the test
material and indicate a typical course of blackleg in sheep, accompanied by massive intoxication,
gas formation and high mortality. A microscopic image of Gram-positive bacteria of the causative
agent of brucellosis is shown in Figure 5.

Figure 5. Microscopic image of the causative agent of brucellosis, stained according to Gram
Source: compiled by the authors

Microscopic examination of stained preparations prepared from pathological material
revealed characteristic morphological features of the pathogen. Figure 5 shows Gram-positive rod-
shaped bacteria, located mainly singly or in pairs, with clear contours and a characteristic purple
colour, indicating the resistance of the cell wall to the action of alcohol during Gram staining. The
bacteria ranged in size from 10 to 30 pum in length, with uneven thickness and a moderately
pronounced capsule structure (Ferreira Alves et al., 2021). The microscopic data obtained indicate
that the microorganisms belong to the genus Clostridium, and the combination of morphological
features confirms the identification as Clostridium septicum, the causative agent of malignant
oedema and brucellosis in sheep.

For final verification of the diagnosis, a biological test was performed: laboratory guinea pigs
were injected with a daily culture isolated from pathological material obtained from dead sheep.
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Characteristic clinical manifestations, pathological changes, and the results of subsequent
bacteriological examination of infected animals confirmed the presence of Cl. septicum and served
as the basis for the final diagnosis. After laboratory confirmation of the diagnosis, measures were
promptly taken to treat and prevent the disease in the focus of infection. Sheep are vaccinated 35-40
days before the flock is put out to pasture. Immunisation is carried out twice at intervals of 12-14
days using a specific vaccine against brucellosis. Recommended dosages: adult animals — 2 ml for
the first injection and 3 ml for the second; lambs up to 6 months of age — 1 ml and 1.5 ml,
respectively. The vaccine is administered intramuscularly into the inner hairless surface of the hind
limb. Immunity develops 10-12 days after the second injection.

If a case of brucellosis is confirmed on a farm, quarantine restrictions are imposed: the import
and export of animals, as well as the movement and transport of unvaccinated sheep on the farm,
are prohibited. All dead animals, feed residues and manure must be destroyed by burning. The
territory is subjected to sanitary cleaning, and then disinfected twice, at intervals of one hour, with a
3% solution of bleach, a 5% solution of formaldehyde or a 5% solution of caustic soda.

Thus, comprehensive epizootological, laboratory and pathological studies have reliably
established that Clostridium septicum is the causative agent of the reported cases of disease in sheep
in a number of regions of Uzbekistan. Microscopic, bacteriological and biological methods, used in
combination, ensured a high degree of diagnostic accuracy. The established seasonal patterns,
clinical and anatomical picture and laboratory test results made it possible to formulate
scientifically sound recommendations for the prevention, localisation and elimination of infection
foci.

Discussion

The presence of Clostridium septicum in abomasal samples, despite its low detection rate,
was confirmed by data from H. Kalender et al. (2023), who identified C. septicum among a number
of clostridia in Turkey, albeit with a low prevalence rate, which was associated with mass
vaccination of cows. In the conditions of the study in Uzbekistan, clinical foci were characterised
by a high density of infection and the absence of large-scale prevention, which, apparently, led to a
higher proportion of infected animals. Thus, the results showed that vaccination significantly
reduced the frequency of C. septicum detection in the abomasum, which correlated with
observations on the need for preventive measures.

The textbook by A.A. Shevchenko et al. (2013) was devoted to the study of anaerobic
enterotoxemia in sheep and goats caused by Clostridium perfringens types C and D. The authors
summarised a large amount of data on the pathogenesis, prevalence and methods of combating the
disease. The work examined the historical development of the study of the disease, its economic
damage, the resistance of the pathogen, as well as clinical and pathological signs. Particular
attention was paid to diagnostic methods, including bacteriological studies, differential diagnosis,
and laboratory confirmation. Based on the data obtained, recommendations were made for
treatment, vaccination, and sanitary and preventive measures in affected farms.

A study by S. Moustafa et al. (2022) in Egypt showed that typical toxin-producing strains of
C. perfringens were more prevalent in haemorrhagic abomasitis, while C. septicum was
significantly less common. These data allowed a clear distinction to be made between brucellosis
and abomasal enteritis, emphasising that the toxigenicity of C. septicum was mainly manifested in
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other clinical forms, such as malignant oedema and brucellosis, which was confirmed by
observations in Uzbekistan. The results obtained complemented the understanding of the
pathogenetic differences between clostridia and clarified the specificity of C. septicum in various
forms of the disease.

W.-X. Tan et al. (2025) reported a high prevalence of C. perfringens among sheep in the
Asian region (~38.8%) and demonstrated the effectiveness of vaccination in reducing morbidity.
This was consistent with the idea of the key role of preventive measures in enterotoxemia. Despite
the difference in the aetiological agent — C. perfringens versus C. septicum — both pathogens were
activated under the influence of stress factors associated with feeding and climatic changes.
Consequently, the conclusion about seasonal outbreaks caused by humidity and temperature was
confirmed in a broader regional context.

The review by Y.K. Prabhakar et al. (2025) presented modern molecular biological aspects of
the epidemiology, pathogenesis, immunobiology, genomics, and proteomics of brucellosis
pathogens in cattle. The authors described in detail the mechanism of severe inflammatory changes
in the reproductive organs of animals, confirmed by the detection of vasculitis, fibrosis, and
necrosis. Of particular importance was the consideration of the immune mechanisms by which the
pathogen evades the host response, as well as the use of proteomics to search for biomarkers and
potential therapeutic targets. Unlike the present study, which focused on sheep brucellosis, this
review demonstrated a more comprehensive molecular approach to characterising the infection,
including genomic sequencing and drug resistance analysis.

A detailed analysis of the clinical and pathological course of brucellosis in sheep was
presented by J.F. Prescott et al. (2017), who considered the disease to be a form of clostridial
abomasitis caused by Clostridium septicum. Characteristic macroscopic and microscopic changes
were described, including oedema, gas formation in the abomasal wall, pronounced necrosis and
vascular thrombosis, which fully coincided with the results recorded during outbreaks in
Uzbekistan. The role of cold climate and damage to the mucous membrane as factors contributing
to the development of infection was also emphasised. Particular attention was paid to rapid
mortality, diagnostic difficulties in post-mortem isolation of the pathogen, and the limited
effectiveness of antibiotic therapy, which coincided with conclusions about the need for vaccination
and strict sanitary control. Unlike the present study, the presented work focused on experimental
data on modelling the pathogenesis and international spread of the disease.

A study by S. Ting et al. (2025) conducted in Timor-Leste revealed low levels of awareness
among farmers about brucellosis, but high willingness to vaccinate and use personal protective
equipment. The authors pointed out that domestic and traditional practices, such as grazing on
common pastures and leaving the placenta in the field, significantly increased the risk of spreading
the infection to both animals and humans. These data correlated with the findings of the present
study on the role of sanitary violations and pasture conditions in the spread of brucellosis. Despite
the difference in aetiology — Brucella spp. in Timor and Clostridium septicum in this study — both
works emphasised the key role of animal hygiene and epizootiological literacy in disease
prevention.

R.M. Ortiz Flores et al. (2024) demonstrated that partially purified protein fractions secreted
by Clostridium septicum induced macrophage death through the activation of autophagy and
apoptosis. It was found that proteins with a molecular weight >100 kDa caused pronounced
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inflammation, morphological changes in cells, and increased levels of IL-10 and TNF-a, indicating
an attempt by the pathogen to evade the immune response at the site of infection. The data obtained
confirmed the pathogenic potential of C. septicum as a highly virulent pathogen, which was fully
consistent with the high mortality and rapid progression of brachitis in sheep observed in the
present study. In contrast to the clinical focus of the current work, the article by R.M. Ortiz Flores et
al. provided a molecular explanation for the pathogen’s ability to cause massive tissue damage and
immune dysfunction, expanding the understanding of the mechanisms of C. septicum virulence.

Scientists Z. Kirimbayeva et al. (2023) conducted epizootic monitoring of bacterial infections
in animals in the southern regions of Kazakhstan, with a particular focus on clostridiosis, including
emphysematous carbuncle. The study noted that these diseases mainly occurred during the grazing
period, which correlated with the findings of the present study on outbreaks of brucellosis in sheep
under similar conditions. In both cases, the role of weather factors, pasture structure and stocking
density in the spread of infection was emphasised. Despite the low level of positive soil samples for
clostridia (less than 1%), the authors pointed to the need for further research into the influence of
the environment on morbidity. The difference was in the broader coverage of pathogens (including
Listeria spp.) and the use of government monitoring data, whereas the present study relied on
laboratory and field epizootiological methods.

Thus, a summary of the results of various independent studies conducted in Turkey,
Kazakhstan, Brazil, and Egypt confirmed the key findings of this study: climatic conditions
(humidity, temperature), poor sanitation, immunodeficiency, and lack of vaccination were the main
predisposing factors for the development of brucellosis in sheep. The similarity of the data obtained
with the results of other studies strengthened the evidence base, confirming the key factors in the
development of the disease. At the same time, geographical and pathogenetic differences only
emphasised the regional specificity of the pathology and the need to develop adapted prevention
strategies.

Conclusions

The study found that brucellosis was recorded among sheep mainly in farms with foci of
infection in certain areas of the Kashkadarya, Samarkand and Jizzakh regions of the Republic of
Uzbekistan. In some of the flocks examined, the proportion of infected animals reached 30%,
indicating the high intensity and focal nature of the disease. The mortality rate among infected
sheep was 90-100%, reflecting the severity and acute course of the disease.

The overall prevalence of brucellosis in the regional sheep population, taking into account all
the farms surveyed, is estimated at 1-1.5%. These figures are based on epizootological monitoring
and a comprehensive analysis of clinical and laboratory studies. The difference between the high
incidence in foci and the relatively low prevalence overall is explained by the localisation of
infection foci and the effectiveness of preventive measures in most farms.

The highest number of cases was registered in areas with a high density of sheep farms and
insufficient sanitary and hygienic control, which indicates the significant role of economic,
organisational and environmental factors in the pathogenesis and spread of brucellosis. Sudden
changes in climatic conditions, in particular temperature fluctuations and increased humidity in the
spring and summer, contributed to the activation of the pathogen and the development of outbreaks
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of the disease. Additional risk factors were a decrease in the immune status of animals due to
helminthiasis and metabolic disorders.

The results of the study substantiated the need for a comprehensive approach to the diagnosis
and prevention of brucellosis, including timely laboratory confirmation of the diagnosis,
differentiation from similar diseases, and the implementation of vaccination programmes taking into
account the specifics of regional epizootic conditions. An important element of anti-epizootic
measures is also the sanitary treatment of infection foci and the introduction of quarantine
restrictions to prevent the spread of the disease. In the future, it is advisable to deepen the study of
the molecular-genetic characteristics of the pathogen and the factors affecting its virulence, as well
as to monitor the effectiveness of existing vaccines in different climatic zones. Particular attention
should be paid to the development of integrated epizootic control systems and improving farmers'
knowledge of animal hygiene, which will help to reduce morbidity and economic losses in sheep
breeding.
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