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Clostridium chauvoie causing myonecrosis in livestock animéilgesin thefeces surface water ansbil. The blackleg due
C. chauvoeiis very common in dairy animals. Still, no report is available about the pathophysiology of disease in C
cattle kept under tropical and desert conditions of Cholistan, Pakistaefore, in this study, we report for the first time
pathophysitogy of a visceral form of blackleg infection in indigenous cholistani cattle breed reared in desert conc
Cholistan Clinically morbid animals exhibited different signsimflectionincludingfever, crepitation soundgaseous swellir
and edematss lesions Blood was collected for hematological and serum biochemical investigatiematologica
examinatiorindicated a significarihcreased erythrocyte sedimentation riterer red blood cells, hematocrit, and total w
blood cell countResultson serum biochemistry showed significanthx.02) increased creatine kinase levels, creati
urea, alanine aminotransferase, aspartate aminotransferase, alkaline phosphates, creatinine phosphokinase
dehydrogenase in infected cattle. At rgasy level, light pink color fluid under swelling areas of skin, gas bubbles, d
black in color of affected muscles and crepitation sounds at palpation were observed. Necropsy showed marked r
petechial hemorrhages, consolidation and sepahmonary edema. Spleen showed petechial hemorrhages and con
Histological analysis of muscular tissues indicated severe inflammatory reaction comprising of cellular infiltration
edema, necrosis and disruption of myofibiCR confirmedhe presence df. chauvoein muscles, heart and exudate:
the lungs.This is the first report on molecular detection of Clostridium chauvoei from a visceral form of Blackleg di:
cholistani breed of cattle naturally infected in the Cholistan tde$&unjab, Pakistan.
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INTRODUCTION et al, 2020). The livestock animals @reveloping countries

In Pakistan, dairy animals, including cattle, camels, buffaloekke Pakistan are routinely kept under tropical and subtropical
sheep and goats are mainly kept for milk and meat productiolimatic environmental conditions and suffer from various
(Ali etal, 2016; Aliet al, 2017; Hussairt al, 2018; Hussain bacterial Mahmoodet al, 2014; Mahmoodet al, 2017;
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Hussairet al, 2017 Mahranet al., 2020, viral (Khanet al, DNAse, neuraminidase, hyaluronida§stA - a hemolysin
2018; Hussain et al, 2020 and parasitic infections and protective antigeand flagella of the bacterium are the
(Mahmoodet al, 2014b; Hussaiet al, 2016 2017h 2018 major factors responsible for thepid progress of the disease
Zafaret al, 2019 Ali et al, 2020;Abbaset al, 2020;Hamza (Guptaet al, 2019). The black quarter was first appeared as a
et al, 2020 Salmaret al, 2020 Zamanet al, 202Q. Dairy major disease in cattle in Nigeria and has worldwide
animals are the main cornerstones for the livelihoods of tligstribution causing substantial economic loss in dairy sectors
people of the Cholistan district. However, different infectiou¢Gizaw et al, 2020). Although the diseasebfackleg is
diseases are the key constraint in rearing dairy animals datbwn as one ofthe oldest infections Still, scanty
affecting livestock productivity and fooskecurity (Zafaret information is available in accessible literature about the
al., 2019;Rashidet al, 2019;Batoolet al, 2019 Attiaet al, pathophysiology of natural cases of blackleg infection in
202Q Peter, 2020; Zeedaat al, 202(Q. Among various indigenous cholistani cattle breeds kept under desert
infectious diseases, lostridial myositis/blackleg or conditions inPakistan. Therefore, the current study describes
myonecrosis is one of the fatal diseases of dairy animdtee clinical picture, hematbiochemical alterations, necropsy
(Hussainet al, 2019; Nasiret al., 2020). The disease is lesions, histopathology, and molecular diagnosis of the
characterizethy an acute, rapidly progressive infection of thevisceral form of the blackleg disease in naturally infected
soft tissues c¢ommoné (Huskaimd windigensus fairya cattleg leeptigderedesert conditions in
al., 2019: Zaragozat al, 2109) and causes huge economi®akistan.

losses to dairy farmers. Different synonyms of the blackleg

diseaseknown e.g.:black-quarter,gangrenous myositis of MATERIALS AND METHODS

ruminantsand clostridial myositis The disease is caused by

C. chauvoge an anaerobic, and spef@ming bacillus Study area:Cholistan desert being in Southern Punjab lies
bacterium that commonly survives in surface water, soil ailet ween | ongitudes 69A 526 to
feces (Idreest al, 2018; Abrewet al, 2017; Thomagtal, 29 A456 N and comprised of t he
2017). Infection of cattle b@€. chauvoeis caused by contact Bahawalnagar, Bahawalpur, and Rahim Yar Khan (Shabbir et
of the animalsto the bacterium that exists in the form ofal., 2020). It is known as a tropal desert and has
spores i n t he soil of @.p appmomateldoattle (0.0 Millian); sheep (0.4AHmilloa)yvgeats,
chauvoeihas been found in dung, which also shows a sour¢@.38 million) and camels (0.08 million) as dairy animals.
of infection and can lead thepollution of animals (Zaragoza Inadequate water sources, seasonal fodder, nutrition,
et al, 2019. The etiological ag& enters into the body of marketing, and animal health monitoring services are the
animals through ingestion of contaminated products. Aftenajar constraints for dairy farmers and favor different disease
exposure, the bacteriuranters into the bloodstream andoutbreaks in animals. The hot and humid climate favors rapid
proliferates in muscular tissues under anaerobic conditionmoliferation and multiplication of various infectious agents
The infected animals showed various clinical ailmewits resulting in severe disease outbreaks. Prior to this study, no
disease such as fever, anorexia, unilateral nose bleedirgport cold be found in the accessible published literature
lameness, gaseous swelling under the skin of affected areagjarding the outbreak of blackleg infectiorGholistan.
crepitation sounds, and edematous lesions in hind le@udy Animals:The present studpvestigatedan outbrealof
Studies have determined thaturaminidaseand different blackleg in Cholistanicattle were housedunder desert
toxinsreleased infetious agenplay crucial to establish and conditions. All the animals were kept in seofien sheds and
progress of deasgUsehet al, 2003; Zaragozat al, 2019) were offered green fodder and silage mixed ration. These
Black quarter induces different macroscopic and microscopimimals were also offered cottonseed cake @ 0.5
lesions like emphysematous skeletal muscles, fibrinokg/day/animal. During May and June 2019, young cattle
pericarditis, myocardial myositis, endocarditis, andalves(n=11)of Choliganibreedshaving about 8.1 months
necrohemorrhagic myositis in infected animals (Abeeal, of age exhibited different clinical signs like high fever
2017;Ziech et al, 2018;Hussainet al, 2019; Nasiret al., (105°F), unilateral nose bleeding and lameness. All the
2020). Infection in infected animals appears suddenly, anchorbid animals were then treated with antibiotics (Penicillin;
death results after showing the symptoms withir2@2h. 10 mg/kg; Amoxicillin: 10 mg/kg BW; colin; 10 mg/kg
Susceptible cattle first ingest endospores. The endospoBM/, andCTC-20: 10 mg/kg BV, antipyretics, multivitamins
then cross over the gastrointestinal tracd aenter the and antiallergic. Despite care, proper management and
bloodstream where they are deposited in muscle tissue. Thesatment, the sick animals did not recover and died within 12
then lie dormant in the tissue until they become activated ahdurs afteionset ofclinical ailments

trigger the disease in case of any damage present in thematobiochemical Studies Blood was obtainedfrom
muscles.The exotoxins produced by the bacterium caudaealthy (n=11) and all morbid (n=11) animals in vacutainers
liquefadion of adjacent tissues and inhibit the defenswith and without anticoagulant (EDTA; 1.0mg/ml). Serum
mechanisms of infected animals. Furthermore, the toxineas obtained from blood samples collected without
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anticoagulant Khan et al, 2020). Blood samples with
anticoagulants were subjected to the determination of
erythrocyte counts, hemoglobin, white blood cell counts anBable 1.Frequency of differentclinical ailments observed

pack cell volume. Different serum biomarkers such as alanine in cattle (n=11).

aminotransferase, total proteins, aspartate amimsfieEease, Clinical ailments Intensity of _Frequency
alkaline phosphatase, cardiac enzymes (CP#tga, , ailments No. %
creatinine kinase creatinine andlactate dehydrogenase Fever (105106° F) Severe 07 63.6
(LDH) were determined (Hussat al, 2019). Unilateral nose bleeding Moderate 04 36.6
Necropsies and histopathological investigations: Lameness Moderate 07 63.6
Postmortem of animals (n=11) was conddctwoon after Anorexia Moderate 05 45.4
death to observe different macroscopic lesions in variousmphysema in brisket area  Moderate 09 818
visceral organs. For the histopathological investigation.ethargic Severe 07 63.6
tissues were obtained from various visceral organs, includir§ubcutaneous emphysema  Severe 07 63.6

lungs, heart, intestines, muscles, liver, kidneys and spleen. Myperemic mucous membrane Moderate 09 81.8
the collected tissues were immediately fixed in 10 % neutr&@wollen areas on shoulder  Moderate 07 63.6
buffered formaldehyde (Gherissit al., 2020). After two  muscles

weeks of preservation in formaldehyde, all these tissues wepgchedback position Severe 03 27.2
processed for histopathological changes using routinely us@mphysema in front and Severe 05 45.4
procedures ke dehydration, embedding, sectioning,hindquarters

mounting and staining. About®um thick sections were cut Swollen areas on the neck Moderate 03 27.2
and stained with Hematoxylin and Eosin staining technique
(Eyhabet al, 2019;Hussairet al.,2020).

Polymerase chain reaction (PCR)For confirmation of
bacterial agent previously specified forward and reverse
primers for DNA amplification ofC. chauvoesuch as5'-
ATCGGAAACATGAGTGCTGG3 and 5
AGTCTTTATGCTTCCGCTAGS3 were used. All the DNA
amplification procedures, including initial edaturation,
primers annealing, extension, and staining, were carried
according to the protocols described elsewhere (Koginad,
2001).

Statistical analysisThe dataon blood anderumprofile were
analyzed using IBM SPSS statistics software (ver&on

The levelp < 0.05 was considered as a significance level.

B -3t 2" i3 e §% 6

RESULTS Figure 1.Photograph showing PCRbased confirmation
- . . , ) . of Clostridium chauvoei M is molecular marker
Clinical ailments: The clinically morbid animals exhibited (100bp), Lanes 12 negative samples and lanes 3

different signs of disease, including high fever (1@%° F), 7 are positive samples (515 bp) product size.

anorexia and unable drink. All the morbid animals were

lethargic, depressed and hesitant to move. Unilateral noSg@matological and serum biochemical parametersthe
bleeding was observed in few morbid cases. The sick anim@lgits on hematological and serum biochemical levels are
indicated facial edema, lameness, swelling, hyperemigesented in Tabl2. Results revealed significantly lower
mucous membranes, archbddk position, and painful frqnt values oferythrocytesleukocytes monocytes, lymphocytes,
and hl_nd shoulder muscles and neck areas. At the time \fmatocrit %, neutrophil population, heghabin quantity in
palpation, subcutaneous muscular emphysema was fhgrhid animals compared to healthy animals. The
characteristic feature in all clinical cases. The frequency a@%nificantly higher values of different serum biochemical
intensity of various clinical lesions are presentedable 1. parameters such as glucose, aspartate aminotransferase,
Results on polymerase chain reaction techniques confirmgglaline phosphates, alanine aminotransferase, lactate
the presence oC. chauvoebacterium in all specimens of genydrogenasecredine kinase,creatinine phosphokinase,
clinically morbid animals (Fig. 1). creatinine, urea and cardiac biomarkers such as triglycerides,
CPK and CKMb were observed when compared to on
infected animals.
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Table 2.Blood and serum biochemistryanalysesof healthy and infected cattle.

Parameters Healthy (n=11) Infected (n=11) P-Values
Hematological biomarkers

Leukocyte(10¥ ¢ | ) 8.75+1.33 5.32+1.11 <0.01
Erythrocyteq10%/ € | ) 5.13+1.05 3.22+0.02 <0.01
Monocyte (%) 6.11+0.03 3.31+0.22 <0.01
Lymphocyte (%) 57.10+2.22 39.10+4.10 <0.01
Neutrophil (%) 21.30+3.30 14.30+2.10 <0.01
Packed cell volume (%) 35.70+2.80 24.3+3.20 <0.01
Hemoglobin (g/dl) 12.30+0.20 7.80+0.40 <0.01
ESR (mm/24 h) 5.11+0.31 7.13+0.21 <0.01
Serum biochemical parameters

Creatinine kinase (unit/L) 143.33£5.30 313.3+15.5 <0.01
Creatinine (emol /L) 73.40+£3.90 99.30+5.30 <0.01
Urea(mmol/L) 5.22+1.11 7.90£0.90 <0.01
Creatinine phosphokinase (unit/L) 77.20+4.40 117.9+9.30 <0.01
Alkaline phosphatase (unit/L) 46.30+4.20 73.10+3.30 <0.01
Alanine aminotransferagenit/L) 33.20+5.20 53.50+4.30 <0.01
Lactate dehydrogenase (unit/L) 349.70+10.7 403.3+7.0 <0.01
Aspartate aminotransferase (unit/L) 107.3+3.30 137.7045.50 <0.01

Gross and histopathological lesiondlecropsy examination [F8
indicated hyperemic trachea, presences of blood mix
exudates in the trachea and nasal cavity. The classi
muscular lesions, including myositis of sublingual muscle.
and musclesf theheart, neckhindquarterandforequarters,
were observed in all cases. The pectoral and pelvic girdI’S
musdes were involved and appeared dark black to red ar_i
contained gas bubbles. The straglored fluid was observed =
beneath swelling areas of skin. Edema, congestion, crepi
sounds, necrotizing $ons and hemorrhagic myositis were ‘
the main postmortem lesions observed in the muscles VA
. X ) a
infected animals (Fid2).

_,/r. - v (C; e eI &
ph of muscles o€holistani cattle (a-b)

Fiéure 2. Photogra

showing severe congestions, edema and necrosis

of Clostridium chauvoeand lungs ( ¢ ) showing
congestion, frothy exudate, edema and bilateral
enlargement.

; 3 o d e A
Figure 3. Photograph of the heart ofCholistani cattle (a
d) died of Clostridium chauvoeishowing sevee

congestion, myocarditis  and petechial
hemorrhages (arrows).

In few animals, the lesions of skeletal muscles of the
abdominal wall, lumbar area, brisket, thoracic veaiti
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diaphragm were observeldecropsy analysis showed edema:= -+
congestion, emphysema and red hepatization of the Iu
(Fig. 2). The heart of infected animals was congested, mar
by dilatation of ventricles, necrotic areas, myocarditis:
epicarditis and endocarditis. The heaxhibited congestion !
hemorrhagi@andextensive necrotiareagFig. 3).

The liver and kidneys were swollen, dark to black a
severely congested. The spleen was severely increased in
congested and had dark black color in infected animals. T
intestine cordined mucoid exudates and was severel

£
o

b

A B e P e ' P A (B ,.
congested and hemorrhagic. Figure 5. Photomicrograph of kidneys of cholistani cattle
At histological levels, differensections of skeletal musele (a & b) died of Clostridium chauvoeiexhibiting
showed severe changes, including the presence of fibrinous severe degeneration of renal tubules, necrosis of
strands, hemorrhages, absence of cressations, edema, tubular epithelium, cellular infiltrations and
cytoplasnic vacuolation, disruption of the myofibrils, necrosis of tubular cells H&E Stain, 200X.

myofibrillolysis, emphysema, leukocytic infiltrations,

sarcoplasmic vacuolation and necrosis of myocytes (Fig. lemorrhges, interstitial pneumonia, edemé&ukocytic
Microscopic sections of the liver showed leukocyticnfiltrations and emphysema were the main lesions in lung
infiltrations, sinusoidal spaces and henfages. Histological tissues of infected animals (Fig. 6). Congestion, hemorrhages
sections of kidneys showed hemorrhages, degeneration gfdleukocytic infiltrations were observed the spleen and
renal tubules, necrosis of renal tubules, increased uringntestinal sections of inféed animalsSevere inflammatory

spaces and necrosis of tubular epithelial cells @)ig. changes in different sectioms hears include neutrophilic
o (FESSREIE TN R myocarditis, leukocytic infiltrations, necrosis of myocytes,
‘ ' / ’ coagulative necrosis of myocytes, and hemorrhages were

observed (Fig. 7).

., : b e 2 =3
b »#fy - <
-k o 7%

b |\ \ G o LN vl "“«,. \ T AR R 1 -
Figure 4. Photomicrograph of skeletal muscles (a & b) of Figure 6. Photomicrograph of lungs (a & b) of cattlewho
cattle died of Clostridium chauvoeiexhibiting died of Clostridium chauvoeiexhibiting severe
loss of crossstriations, severe infiltration cells, congestion, interstitial pneumonia, cellular
edema, necrosis of myofibrils, emphysema and infiltrations, fibrinous exudate, edema and
accumulation of fibrinous material. H&E Stain, atelectasis. H&E Stain, 200X
200X.
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edema, crepitus sounds on paipatind emphysematous, and

necrohemorrhagic lesions in skeletal and gastrocnemius

muscles have been reported (Abetal, 2017; Pireset al,

2107). Different cardiac lesions observed in this study have

also been reported in the visceral form of theklieg disease

in cattle, buffaloes and cattle calves (Abetal, 2017; Uzal

et al, 2003; Snideet al, 2011; Casagrand al, 2015; Assis

et al, 2010). In contrast to cardiac lesions observed in the

present study, diffuse nechemorrhagic myocarditis has

been reported (Uzadt al, 2003). The cardiac lesions in

infected animals might be associated with germination and

release of toxins b¢. chauvoeiin the myocardium (Uzadt

al., 2003).In the present stuggrosslyspleen lesions could

be due to the release of toxins 8y chauvoeiPreviously,

inaccessible published literature, no report is available about

lesions induced byC. chauvoeiin the spleen. The severe

lesion in the spleen might be due to hematogenous infection
Figure 7. Photomicrograph of cardiac muscles of byC. chauvoei Grossly, the lung lesions observed in our

cholistani cattle died of Clostridium chauvoei study have also been reported (Casagraetdel, 2015).

exhibiting neutrophilic infiltrations, =~ These lesions might be due to severe toxemia and- histo
inflammatory exudate, edema, severe fibrinous toxicity of toxins released b§. chauvoeiPreviously severe
carditis and necrosis. H&E Stain, 200X acute necrotizing enteritis has been reported. In contrast to the
findings of this study, lesions in sublingual muscles,
DISCUSSION diaphragm, and fibrinous pleuritis due to blackleg have been

reported (Casagndeet al, 2015; Assi®t al, 2010).
The underestimated bldely disease is a substantialAt the histopathological level, various lesions in skeletal
economic limiting factor in commercial dairy animals andnusclesof cholistani cattleould be due to cytopathogenicity
neglected control measures and prevention. Therefore, thiethermostable proteins and toxins @f chauvoei Similar
understanding of the pathogenesis of blackleg infectiamicroscopic lesions, including erhysematous skeletal
(classical skeletal muscle patholdpgyg dairy animalss$ of myositis and necrohemorrhagic, have been reported (Attreu
vital importance for its control strategies aadhances the al., 2017; Casagrandet al, 2015; Ziechet al, 2018).The
farmers’ economyAbreu et al, 2017;Pireset al, 2017  microscopic tissue changes in skeletal muscles might be due
Idreeset al, 2018; Nasiet al.,2020). Previously in published to the action of toxins ofC. chauvoeiresulting in tk
literature, no information could be found about the nos®rmation of pores in plasma membranes of myocytes.
bleeding in infected animals. However, different clinicaHistologically, different lesion in the heart of different
ailments such as swellinghd crepitus of affected muscles,animals like myocardial necrosis, diffuse neutrophils
anorexia, fever, lameness, myonecrosis and d@asieh, infiltration, coagulative necrosis, diffuse fibrin deposition and
2003), mucous membranes, lameness, recumbency, musuakesothelial proliferatin large aggregates of fibrin deposition
emphysema in hindquarters (Abreual, 2017)in naturally has also been reported in the visceral form of myonecrosis
and experimentally infected cattle have been reported earl{@gbreu et al, 2017, Snideet al, 2011; Casagrandet al,
(Uzal et al, 2003; Snideret al, 2011). The superficial 2015; Piregt al, 2017. Themicroscopic changes in liver and
muscles in allinfected cases were congested, swollen, ariddneys in the present study have not been reported previously
crepitus sounds were evident, as reported earlidue to C. chauvoei At Histopathological levels, acute
(Wickramasingheet al, 2014). Moreover, gangrenous andheutrophilic infiltration, interstitial pneumonia, edema,
dry skin over the center of the swollen area has also beemphysema and hemorrhages have also been eldsarvng
observed in infected animals (Wickramasinghal., 2104). tissues (Abreuet al, 2017; Snider et al, 2011).
At necropsy levelcrepitus soundshemorrhagic myositis, Histologically, intestinal lesions observed in current research
hemorrhagesgas bubblesedema, multifocal and coalescinghave not been reported duedochauvoein cholistani cattle.
necroticareasalong with necrotizing lesions in muscles wereéOn histopathological evaluation, spleen tissues of various
the prominent lesions in infected animals. Besides, thuattle showed different changes which previously have not
musclesaround the ribs appeared dark red and wet. Similarligeen reported. In the present study, the histopathological
neutrophil necrotizing myositis (Wickramasingtet al, lesions in different visceral organs might be due to the rapid
2014; Casagrandeet al, 2015), visceral myonecrosis spread of toxins o€. chauvoeiyesulting in the damage of
(Casagrandet al, 2015; Assiset al, 2010), subcutaneous
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