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Fatal outbreak among camels in Kazakhstan associated with
Paeniclostridium sordellii

An outbreak of a bacterial disease with lethal cases was registered in camels in Kazakhstan in%

els died in a state of hyperexcitement and asphyxia. Investigation of the case has identifi
form of Paeniclostridium sordellii as the main cause of mortality in camels. The purpo

, isolating

pathogen. The methodological basis of the work is collection of biological samples
‘ ion sequencing,

the pathogen on media, extracting nucleic acids, obtaining libraries for
bioinformatic analysis of the obtained data, pathogenicity test on mice. This art pibeS the cultural, ge-
netic and phenotypic characteristics of the isolated Shetpe PS18-01 strain. | at the pathogenesis
was mainly characterised by respiratory signs, in contrast to the most comm estinal ones.
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Introduction

Camel breeding plays a significant role in the li
stan served as an |mportant source of food, clothi g, an

f adic'peoples. Historically, camels in Kazakh-
spakt. The camel livestock size in Kazakhstan is
andry in the west of Kazakhstan, characterised
by seml -desert Iandscapes. Until now, the health stal local camel population has been relatively well,

with a hlgh death rate occurred among dromedary camels
3 died on the second or third day and mortality among af-
@ otic therapy has reduced mortality to some extent. Such cases

ggion. The primary pathogen Paeniclostridium sordellii was identi-
fied by applying massive p | ncing. The pathogenicity of clostridial infections is based on the re-
lease of exotoxins that pe e bloodstream, affect the vascular endothelium, mucous and serous mem-
branes, internal organsgcaus€ multiple hemorrhages, destroy the parenchyma of the kidneys, liver, and other
organs. Exacerbati e ase and mortality were recorded primarily in autumn, winter and especially
c subsides in summer [4].

in the Mangystau reglon of Kazakh
fected herds reached 90 %.
have never been registered bef

Experimental

components involving live animals were conducted according to regulations under the leg-
islation g’ for conducting biomedical experiments, preclinical (non-clinical) and clinical studies (No.
vember 2007, Republic of Kazakhstan)” and were approved by the SPC of Microbiology and Vi-
rology Local Ethics Committee (Approval number: 02-12-109).

A post-mortem examination and sample collection

The post-mortem examinations were carried out on three dead juvenile camels for 3-6 hours. Tissues
for further analyses were taken from the liver, lungs, intestines, kidney, spleen, brain and lymph node and
delivered to the laboratory.

Cultivation of bacteria in media

The swabs from organs were cultured anaerobically at 38 °C for 18 hr in Kitt-Tarozzi medium (BTN,
Russia). The crude cultures were sub-cultured onto blood glucose agar containing 5 % sheep blood and 1 %
glucose. After 18-20 hr at 38-40 °C the formation of large colonies with a “fern-leaf”” edge and convex dark
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centre was observed. The formation of a transparent hemolysis zone was registered. Gas formation was mod-
erate. Colonies with typical growth characteristics were sub-cultured and proceeded with DNA extraction.

Nucleic acid extraction and library preparation for Next Generation Sequencing

Three kinds of libraries were prepared: for sequencing of cultured bacteria, virome analysis, and 16S
rRNA analysis. Library preparation for sequencing of bacterial genome started with DNA extraction from
bacterial media using the Purelink Microbiome DNA Extraction Kit (Invitrogen, USA) according to the
manufacturer’s manual. The extracted DNA was fragmented to a size of 400-500 bp using the DNA Frag-
mentation Kit (New England Biolabs (NEB), USA). Libraries were prepared using the NEBNext Ultra DNA
Library Preparation Kit (NEB, USA) according to the manufacturer’s protocol.

For virome analysis, pieces of organs were homogenised using Tissuelyser device (Qiagen, Germany)
and centrifuged the supernatants were filtered through a 0.45 um filter (Membrane Solutions, A) and

dRNAse T1 (ThermoFisher, thhuanla) and further proceeded with Purellnk Viral RNA/D
trogen, USA) for nucleic acids extraction. Libraries were prepared using the NEBNex®
Preparation Kit (NEB, USA) according to the manufacturer’s protocol. Library size select

using Ampure XP beads (Beckman Coulter, USA).
16S rRNA libraries were prepared from DNA extracted directly from orgaas, proceeded with li-

brary preparation using Nextera XT Library Preparation Kit (Illumina, USA) pri argeting the 16S
rRNA gene fragment and containing specific lllumina adapters. The si repared libraries was
checked on a Bioanalyzer 2100 instrument (Agilent, Germany). The ob ibraries were subjected to
paired-end sequencing on a MiSeqdevice using the reagent kit v3 (Murima;

Fermentation properties

Carbohydrates fermentation properties were determined us edia supplemented with galac-
tose, glucose, arabinose, xylose, lactose, maltose, sucrose, raffimn@se; nnltol dulcite, sorbitol, and glycerin.
The enzymatic activity was observed for ten days.

Injection of Guinea pigs

The Guinea pigs were intraperitoneally injected wi

.39l of diluted bacterial culture. The experi-
the isolated cultures was determined by calcu-

Bioinformatic analyses
Quality analysis of obtained NGS o

eters were used for all software opefa .
i ious Prime software applying the installed SPAdes 3.15.2 algo-

braries were assembled de No "
rithm with default parameters.

Virome sequences we je 0 BLASTn and BLASTX search in the local viral reference database
as described in Metavisito ifie [7]. Local BLAST hits with lengths >100 nucleotides (nt) were consid-

e-5, and the potential viral sequences were subjected to aligning with re-
loaded from Genbank. The Clustal W algorithm was used for the alignment of

Results

Signs Of respiratory disease were observed: dry cough, frothy bleeding from the nostrils, and sometimes
nosebleeds. Camels were breathing hard, and they stretched their necks to draw in air. Lesions from the gas-
trointestinal tract in the form of diarrhoea, colic and others were not observed. Faeces were of normal con-
sistency and typical colour. The animals were emaciated, severely depressed.

Postmortem examination

Three animals were necropsied, in which a similar pattern of the lesions was observed: lungs of dark
brown colour, crepitus was audible when squeezed. At the site of the incision, an abundant foamy liquid
mixed with blood flew down. The mucous membrane of the trachea was strongly hyperemic, filled with a
frothy liquid. The liver retained sharp edges, flabby consistency, and crumbled when cut. The spleen was
dark red, filled with blood, increased in volume.
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Palpation of the kidneys revealed a flabby cortical layer, and the kidney capsule was easily released.
When cut, the kidney crumbled. The intestines were swollen, the serous membrane was yellowish. In one
case, the blood vessels in the intestine were filled with blood. The dura mater of the brain was hyperemic and
swollen. The mediastinal lymph node was red and enlarged.

Next Generation Sequencing

The sequence data obtained were trimmed at the 3’ and 5” ends with an error probability limit of 0.05.
Firstly, the results of 16S rRNA sequencing were analysed (Figure 1). The study of the bacterial diversity in
lungs, liver and spleen revealed a clear predominance of 61-91 % of bacteria of the Clostridiaceae family,
which includes various species of the Clostridiagenus. Identification of the bacterial species in the intestine
showed the predominance of Enterobacteriaceae (64 %), a large family of Gram-negative bacteria, most of
which are normal members of the gut microbiota, and 25 % constituted Streptophytathat includg, all land
plants.

Archaea 0.5

A. Intestine; B. Lung; C. Liver; D. Spleen
Figure 1. Results of 16S rRNA sequencing of various organs

For the bacterial genome, 1,338,952 sequencing reads were de Novo assembled using Geneious Prime
software applying the installed SPAdes3.15.2 algorithm to produce 2,771 contigs. 2,130 of obtained contigs
were >500 nucleotidesin size and were taken for further analyses. A BLAST search of the contigs using the
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cutoff E value of <10e-5 in the non-redundant Genbank database has shown that 92.8 % of them represented
Paeniclostridium sordellii species (Tab. 1).

Table 1
Characteristics of contigs obtained after de Novo assembling
Organism Number of Contigs Percent from all contigs

Paeniclostridiumsordellii 1978 92.8
Entrococcus sp. (E. lactis, E. durans, E. fae-

. ; 69 3.2
calis, E. faecium)
Clostridium perfringens 39 1.8
Clostridium botulinum 19 0.8

~

TRA asm: Siphoviridae sp.
TRA asm: Myoviridae sp.
Streptococcus sp.
Clostridium chauvoei
Clostridium novyi
Paraclostridiumbifermentans
Clostridium isatidis
Clostridium pasteurianum
Ramboutsia sp.
Sphingorhabdus sp.

0.3

RPN (W(O

the fatal disease (data not shown).

Molecular findings

To differentiate the representatives of the genu
conserved indels in three highly conserved proteins (a
ATP synthase beta subunit, and a one aa insert W[i
this genus [9]. We comparatively analysed the ami
with other representatives of the genus Clostridium
(Tab. 2).

The bioinformatics data for virome analysis have shown ﬁ\ f any viral reads responsible for

comparative genomic analyses, three
sert in DNA gyrase A, a one aa deletion in
protein S2) were identified that are unique to
uences of the Paeniclostridium sordellii isolate
ree above-mentioned highly conserved proteins

Table 2
Comparative genetic characte Clostridium isolates for DNA gyrase A, ATP synthase beta
and ribosomal protein S2 genes

Organism ATP Synthase beta subunit Ribosomal Protein S2
Clostridium perfringens D MT G R KALDGI VDIIMAEYFRDQ- GQDVIKELDASNI GAMFVVDPRKEKN
Clostridium botulinum B T - . . ... .. .CD. .o
Clostridium chauvoei I - . RN. . . . . . . 0000
Clostridium beijerinckii T. .| . . 0. K- . .. ] . .0 V. s
Clostridium kluyveri S H E- . AMN. E. V L. . .00
Clostridioides difficile L L H EQ. DMPE. P- . . . . . . . . . .. NI

S.oLf. ..o E. DMPELP-A. | . . . .. ... NI

S | E . DMPELP-A. | . . . . . . .. NI

Vool AE. EMRQLP-D. LY. . . . . .. R

ATP synthase beta subunit and deletion of one aa in ribosomal protein S2 homologues in C. sordellii, C. dif-
ficile and Moorellahumiferrea species that differentiate them from the true representatives of the genus Clos-
tridium (Clostridium sensustricto). These findings confirm the previous observations about the genetic simi-
larity of Paeniclostridium sordellii with Clostridium defficile [10].

As mentioned earlier, C. perfringens contigs were present in the analysed sample together with Paeni-
clostridium sordellii contigs. Two PCRs with primers to 16S rRNA [11] and the homolog of the alphatoxin
of C. Perfringens [12] specific only to this species were carried out to rule out the possible presence of C.
perfringens in the sample. Both PCRs revealed negative results (data not shown).

It is known that the large clostridial cytotoxins (LCC) tcsL and tcs Hgenes of C. sordellii are major vir-
ulence factors localised on plasmids. Many strains do not contain those genes as they probably lost plasmids
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during laboratory subculture [13]. Genome analysis of our P. sordellii strain detected only a 475 nucleotide
fragment of the plasmid, encoding LCC genes but, possibly, that was a fragment of the phage sequence lo-
cated on the bacterial genome.

Four other exotoxins were previously suggested as a probable additional virulence factor in this species:
a secreted collagenase colA, the cholesterol-dependent cytolysin (CDC) sordelliilysin (sdl), the neuramini-
dase nanS and phospholipase C [Ommu6ka! 3akaagka ne ompeneiena.]. We identified all four genes in our
P. sordellii strain: sequence of sdl was 97 % identical to sordelliilysine isolated from the closest ATCC9714
strain (Genbank accession No LN679998), 98 % similar to this isolate by colA, 99.8 % similar by nanS and
100 % similar by phospholipase C. Products of these genes are considered as possibly responsible for the
lesions observed during the disease.

Fermentation properties

Studying the enzymatic activity of the isolated Shetpe PS18-01 strain has shown the ability t
glucose, fructose and maltose. The ability to produce lecithinase differentiates the Kazakl
sordellii strain from similar C. bifermentans and C. difficile species.

Biological assay on mice for toxicity

The toxicity of the isolated Shetpe PS18-01 strain was assessed by observation cliical signs, the
intensity of damage to internal organs and the timing of the death of infected ani epinoculation into
guinea pigs. The isolate was highly toxic for them. The death of animals was%r 8-20 hours after

infection while the control group survived.
Discussion

Clostridia can be found in the soil and the digestive tract@f hgalthyganimals without causing any signs
of disease. Fatal outbreaks of clostridioses in animals appear to by predisposing factors such as
high protein or carbohydrate diets, abrupt change of wea Ning of animals (e.g., transportation,
uaPreasons that trigger the severe bacte-

rial infestations remain poorly understood [14]. In our
osis in camels, no obvious predisposing factors were ide ither. We can only assume a possible abrupt
change in the diet in the autumn-winter period, w may sgrve as one of the reasons [15].

Paeniclostridium sordellii was isolated during thi reak and this strain was recognised as responsi-
ble for mass mortality in this region. Major Virulence factors tcsL and tcsH genes of C. Sordellii located in
plasmids were not found during molecular analyses. Possibly they were lost during laboratory subculture.
The other four genes colA, sdl, nanS a olipase C recognised as potential exotoxins responsible for
additional lesions, were detected in iological assay on mice confirmed high toxicity to suscepti-

ble animals.

Molecular analyses to CM etpe PS18-01 strain with representatives of other Clostridium
species were used. Analys r nserved genes encoding DNA gyrase A protein, ATP synthase beta
subunit and ribosomal showed 100 % identity of the Kazakh isolate with the Paeniclostridium

sordellii species. rned out to be genetically closer to C. difficile and Moorellahumiferrea
representatives of the genus Clostridium (Clostridium sensustricto). Recent

eniclostridium sordellii has been frequently associated with gas gangrene in humans
testinal disease in animal species [17]. Literature on Paeniclostridium sordellii infection in

[18]. PaeniClostridium sordellii was often associated with pathology in the gastrointestinal tract of affected
animals, but mostly respiratory signs were observed in our case. A study of the microbiome of various or-
gans of camels was carried out to find out the reasons for this phenomenon. 16S rRNA sequencing data
showed a very insignificant quantity of Paeniclostridium sordellii in the intestine of a camel, while this spe-
cies was overwhelming in the lungs and other examined organs. This observation is consistent with earlier
assumptions that while most Clostridia affects the host intestine, C. sordellii primarily causes soft tissue in-
fection [Omm6ka! 3akiaanka He onpeeseHa.].

Postmortem examination revealed destruction of the liver and kidney parenchymae, apparently caused
by bacterial exotoxins. At the same time, there were no necrotic changes in the intestines, which can be
found, for example, in horses affected by Paeniclostridium sordellii [19].Now it is difficult to say whether
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such a non-gastrointestinal course of the disease is typical only for camels or if this was a single case. Never-
theless, in any case, this fact should be taken into account in diagnostic studies in the future.

The results of this article show the great value of mass parallel sequencing technology, which is useful
in such cases with investigating the causes of mass mortality in domestic animals. It is possible to simultane-
ously identify the genetic characteristics of the pathogen with the determination of its degree of pathogenici-
ty and the involved exotoxins.16S sequencing of different organs allows to obtain information about the ap-
proximate localisation of pathogens in the organism and also to determine the composition of the responsible
bacteria in case of mixed infections.

Paeniclostridium sordellii poses a sufficient threat to camel farming worldwide and the study of new
strains will make a significant contribution to understanding the mechanisms of disease outbreaks.
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K. Kapamenaun, A. KeineipmanoB, O. Ceinanuna, XK. Kipkimbaena, C. OBFaH‘ u
Paeniclostridium sordellii-men 6ajitanbIcTEI Kasancmnnan\

TyleJsep apacblHAAFbI 6J1iM

2018 sxputhl Kazakcranma Tyiienepne eiMMEH asKTalaThblH OaKTEPUSUIBIK aypy Tipk&igi. by. KYpFax,

. Tyilenep kaTThl

TEPHOJIOTHSUIBIK JKOHE MOJICKYJIAIbIK-TCHETUKANIBIK CPEKIICIIKTEPiH aHbIKTaY. epiliryiienepaeH Guomuo-
THSUIBIK ChIHAMA ally, KO3BIPFBILITH KOPEKTIK OpTanapza 0edim any, HyKJe AapbIH IIBIFApy, KaHa
YPTAKTBI CEKBEH/IEY YIIIH OMONTMOTEKAHBI aly, albIHFaH MANiMefFep OpMATUKAIBIK TaJAay, THIII-
KaHZapra OHWOCBIHaMa JKypri3zy. 3epTreyiep HOTWKECiHIe Tyle iH iH Herisri cebebi periHIe
Paeniclostridium sordellii maroresni Typi ansikransl. Makaia, H [lerme PS18-01 mrraMbIHBIH 6CY,
TeHETHKAJIBIK JKoHe (PEHOTUNTIK CHIIaTTaMaaphl OepiireH. A OJIIapBIHBIH JKUi Ke3JeceTiH Oen-
rilepiHeH afbIPMaIIBUIBIFEL, TATOTCHE3/1€ THIHBIC ATy G@IT SHJII KOpCeTUIreH.

Kinm ce30ep: tyiie, Kasakcran, eim, Paenilostridium so ii a YPIIaKThI CEKBEHJIEY.

K. Kapamenaun, A. Keinpipmanos, A. Celinan . Kupkumbaesa, C. Osran, C. @epelinynu

Benbimka ungexnuu ¢ JefaabHbIME HCX0IaMH CPeId BepOJIi0/10B

B Ka3axcrane, cB as ¢ Paeniclostridium sordellii
Bcemblika 6akTepuaibHO e JIBHBIM HCXOJIOM 3aperHCTpUpoBaHa y BepOmooB B Kazaxcrane
B 2018 rony. 3aboneBanue KT AJI0Ch CYXUM PE3KMM OTPHIBUCTBIM KalllJIEM U BBIJEICHUSIMH U3 HO-
ca MEeHUCTOH M KPOB i cTi. BepOumopl TOrunm B COCTOSIHUYM TMIEPBO30YXKICHUS U YAYLIbS.
Llenp nccnenoBanus ach B BBISBJICHHUY NPUYNHBI CMEPTHOCTH CpPeIH BepOIr0J0B, GaKTepHOIOrHYe-
CKOHM ¥ MOJIEKYJIgPH STHHAECKOI XapaKkTepHCTHKE BO30yIuTelsl. MeTo/ibl: B3siTHE OHOJIOTHYECcKuX 00pas-
LIOB OT B ne BO30OyOMTENs Ha Cpefax, SKCTPAKIMSA HYKICHHOBBIX KHCIOT, MOJIydeHHE

OubIMoTEK OBaHHUS HOBOTO ITOKOJICHHS, OMOMH()OPMAIIMOHHBIA aHAIN3 MOTYYeHHBIX TaHHBIX,
omomnpos pimax. Pe3ympTaTel:  paccienoBaHWE —CIydas ~BBIIBIJIO TATOTEHHYIO  (opmy
i ellii kak OCHOBHYIO TPHYMHY CMEPTHOCTH BepOIIOAOB. B maHHON cTaThe OMUCAaHBI
TeHeTHYeCKre U (PEHOTHIMYECKHe XapaKTepHCTHKU BhleraeHHoro mTtamma lllerne PS 18—
YTO B MATOTeHe3e NMPeodJIajaloT PecupaTopHbIe IPU3HAKH, B OTJIHYHE OT Hanbolee 4acThIX
HO-KHIIIEYHBIX.

bie crosa: BepoOmon, Kasaxcran, cmepraocts, Paenilostridium sordellii, ceksenuposanue ciemyronne-
KOJICHHSL.
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