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 Caseous lymphadenitis is a chronic infection caused by Corynebacterium 

pseudotuberculosis that affects the lymphatic system, resulting in abscesses in the lymph 

nodes and internal organs. This study was conducted to determine the prevalence rate of 

caseous lymphadenitis among slaughtered sheep in Duhok abattoirs, Duhok, Iraq and to 

investigate to what extend rabbits can develop caseous lymphadenitis just like that in sheep. 

A total of 1052 carcasses of sheep were randomly selected (939 males and 113 females) and 

carefully inspected for detection any suspected caseous lymph adenitis. The isolated 

Corynebacterium pseudotuberculosis from lymph nodes of sheep carcasses were identified 

by PCR before used in in vivo infection in rabbits. Data revealed that the prevalence rate of 

caseous lymphadenitis was at 1.9% among the slaughtered sheep and the prevalence rates 

were higher in females and older ages than that of males and younger ages, respectively. 

Experimentally infected rabbits developed various clinical signs were ranging from in 

inappetence to sudden death, mainly during first week of infection. Histopathologically, the 

infected rabbits developed caseous lymphadenitis and pyogranuloma after a time point of 

10 days post-infection. Liver, spleen and lymph nodes of infected rabbits showed caseo-

necrotic foci with multiple micro-granulomas with presence of thick pyogenic membrane 

infiltrated with leukocytic cells; these findings are strictly resemblance to that reported in 

sheep. The obtained preliminary data of using rabbits as an animal model is promising 

which will enhance a better understanding the pathogenesis of caseous lymphadenitis in 

animals.  
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Introduction 

 

Caseous lymphadenitis (CLA) is a chronic, contagious 

bacterial disease caused by the bacterium Corynebacterium 

pseudotuberculosis (C. pseudotuberculosis). It is manifested 

clinically as abscesses of peripheral and/or internal lymph 

nodes and organs (1). The pus content of the infected lymph 

nodes is very thick and with no smell (2). Whereas, the 

peripheral form presents as abscesses of single or multiple 

peripheral palpable lymph nodes, internal CLA typically 
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manifests as chronic weight loss and ill thrift (3). Although 

prevalence of CLA varies by region and country, it is found 

worldwide (4). The disease found within two forms, the 

external which is more common in goats and the enteral form 

is common in sheep (5). The disease is economically very 

important and it associates with great economic losses 

ranging from reduction within the meat and milk 

productions, damage of carcasses to death (6). 

Little evidences are available on the prevalence of the 

disease among the small ruminant in Iraq; however, the 

prevalence rate of CAL in sheep was reported in a study 

among the clinically examined adult sheep in Baghdad at rate 

of 2.55% (7), and at 15.12% in another study by using ELISA 

(8). Nothing was known on the prevalence rate of the disease 

among sheep in Duhok area; the effect of the sex and age of 

infected animals on the prevalence rate of the disease was 

also unknown.  

More studies in depth have been recommended to be 

conducted to understand the pathogenesis of CLA; the 

disease is contagious in its nature and its response to the 

antibacterial antibiotics is poor, besides its control is difficult 

due to the lack of effective control program (9). The 

pathogenesis of the diseases in sheep are still not fully 

understood (10). However, sheep and goats have been used 

in vivo as animals models to study the immune responses and 

to evaluate antibacterial activities of some drugs against C. 

pseudotuberculosis (11,12). Guinea pig and mice were also 

used to study immune responses against Corynebacterium 

pseudotuberculosis (13), mice were infected with different 

strains of C. pseudotuberculosis of equine origin for better 

understanding the clinical signs, microbiological and 

pathological outcomes of CLA infection (14,15).  

Using large animals like sheep and goats as a model to 

study the pathogenesis of CLA is usually costly and hard to 

be handling, alternatively, laboratory animals like rabbits are 

cheap and easily handbill (14). Therefore, the present study 

was carried out to determine the prevalence rate of the 

disease among slaughtered sheep in Duhok province and to 

investigate the potential uses of rabbit as a model for in vivo 

studies of Corynebacterium pseudotuberculosis infection in 

rabbits following the oral route. 

 

Materials and methods 

 

Animals and samples collection 

From September 2019-January 2020, a total of 1052 

carcasses of sheep were randomly selected (939 males and 

113 females) and inspected at Duhok abattoirs. The carcasses 

were carefully inspected and any suspected CLA were 

removed and transported in clean sterile specimen containers 

(Ayset®, Turkey) kept in cold box to the Duhok research 

Center at the college of Veterinary Medicine, University of 

Duhok, Iraq for bacterial isolation.  

Isolation and Identification of Corynebacterium 

pseudotuberculosis 

Samples were collected aseptically from the suspected 

CLA abscessed lymph nodes in order to prevent the 

contamination from the surface of lymph node and 

environment. Abscessed lymph nodes were cut using sterile 

disposable blade and pus were collected and cultured onto 

5% sheep blood agar. The plates were incubated at 37°C for 

24-48 h. Primary identification was based on standard 

microbiology methods including Gram stain of pus, colony 

morphology, and hemolytic activity of the grown bacteria 

(16,17). Suspected colonies of C. pseudotuberculosis were 

selected and streaked onto blood agar plate to obtain pure 

colonies of C. pseudotuberculosis. Gram stain and 

biochemical tests including catalase and urease tests were 

also used to confirm presumptive identification of C. 

pseudotuberculosis. 50% (v/v) glycerol in brain heart 

infusion broth were prepared and used to store pure cultures 

of C. pseudotuberculosis at -20°C for further analysis. 

The identification of suspected C. pseudotuberculosis 

isolates were further confirmed by PCR. For DNA 

extraction, isolates were plated out onto 5% sheep blood agar 

from -20°C glycerol stocks and incubated at 37°C for 48 h. 

DNA was extracted using thermal lysis method as described 

by (18). Briefly, 10 colonies were resuspended in 500 µl of 

TAE buffer and mixed very well. Thermal lysis was 

performed in heating block for 11 to 15 min. The suspension 

was cooled for 4 min at 4°C then centrifuged at 14,000 g for 

2 min. The supernatant was then used as the DNA template. 

Prepared DNA was checked for purity using NanoDrop 

2000C spectrophotometer (Thermo Scientific/ UK) and kept 

at -20°C for PCR. 

Primers targeting pld gene of C. pseudotuberculosis were 

obtained from previously published work (19). The pld gene 

was amplified using a total reaction volume of 20 µl. Each 

reaction consisted of 10 µl of master mix, 1 µl of each 

forward and reverse primer at concentration of 10 pmol µl-1 

(PLD-F: 5´ATAAGCGTAAGCAGGGAGCA´3; PLD-R2: 

5´ATCAGCGGTGATTGTCTTCCAGG´3), 2 µl of 

template DNA and 6 µl dH2O. Reactions were carried out in 

a Gene Amp PCR System 9700 Thermo Cycler (Applied 

Biosystems). The following parameters of 40 cycles were 

used according to (19): initial denaturation at 95 ºC for 3 min, 

denaturation at 95 ºC for 1 min, annealing at 58 ºC for 40 s, 

extension at 68 ºC for 90 s and final extension at 68 ºC for 7 

min. Amplification products were separated by 

electrophoresis on 1% (w/v) agarose gel containing Prime 

Safe Dye (GeNet Bio, Korea). The fragment sizes were 

visualized under UV light. 

 

Rabbits and inocula preparation for in vivo infection 

Fifteen clinically healthy rabbits at age of two months 

were purchased from the local markets in Erbil, Iraq, and 

brought to animals’ house at the College of Veterinary 

Medicine, University of Duhok, Iraq. The rabbits were 
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acclimatized to the local environmental condition for a 

period of a week before conducting the infection 

experimentally. The rabbits were fed on leafy green 

vegetables and bread. This study was firstly approved by 

Animal Ethical Committee at the College of Veterinary 

Medicine, University of Duhok, Iraq.  

 

Inoculant preparation 

Following molecular confirmation of the isolated 

Corynebacterium pseudotuberculosis from the CLA of the 

mediastinal lymph nodes of slaughtered carcasses of sheep, 

a bacterial suspension as inocula was prepared in brain heart 

infusion broth (Himedia, India) containing 10% of sheep 

serum to enhance the bacterial growth. Inoculated broth was 

incubated at 37ºC for 24h at 150 revolutions per minute 

(rpm) in shaker incubator (Stuat, UK). The bacteria were 

grown to a concentration of approximately 108 bacteria per 

ml depending on the optical density. The challenge doses of 

the bacteria 1x107 colony forming unit CFU/ml were 

determined using 1 ml of the bacterial suspension which was 

transferred in a 15 ml centrifuge tube and centrifuged at 

1000x g for 10 min using macro-centrifuge (Volker, 

Germany). The supernatant was discarded and the cell pellet 

was re-suspended in 1% PBS according to the required 

challenge dose which was calculated by measuring the 

optical density of bacterial cultures at 600 nm by 

spectrophotometer (Biochrome Ltd, England) and 

comparing the bacterial CFU number were determined by 

using the Miles and Misra method (20). 

 

Experimental design 

To detect the potential of developing of CLA in rabbit by 

the isolated Corynebacterium pseudotuberculosis from 

sheep, 12 rabbits out of 15 were experimentally infected; the 

infected rabbits were orally infected with 1x107 CFU/ ml. 

The rest 3 rabbits left non-infected as a control group; the 

infected and non-infected animals were kept under 

observation during the period of the experiment (two 

months).  

 

Post-infection and histopathological changes 

Five rabbits from the infected group were sacrificed after 

ten days post-infection and their internal organs (lymph 

nodes, liver and spleen) were removed and cleaned with 1% 

PBS for bacterial isolation and for histopathological study 

using Hematoxylin and Eosin (H&E) staining protocol. The 

time point of 10 days post-infection for histopathological 

study was chosen according to the previous studies (21,22) 

who found that pyogronulomas in response to 

Corynebacterium pseudotuberculosis were developed within 

10 post experimental infection in goats. For bacterial 

isolation, the cleaned tissues were weighted firstly and 

homogenized with an equal amount of 1 % PBS (w/v) in 1.5 

ml standard centrifuge tubes using electric miller (Coyote, 

China) and followed by two-fold serial dilutions in micro 

well plates and then cultured on blood agar as mentioned 

before. For histopathological study, cleaned tissues of the 

removed organs were fixed in 10 % formaldehyde for a week 

and then processed with H&E staining protocol (23-26). 

 

Results 

 

Prevalence rate of CLA among slaughtered sheep 

The data found that 20 out of 1052 of inspected carcasses 

of sheep were infected with CLA at prevalence rate 1.9%; 

among the age groups, the data revealed that the prevalence 

rates were higher in sheep at age of three years and older than 

that found in sheep of younger ages. With regards to the 

gender of the inspected carcasses, the highest rate was 

reported in females at 10.61% compared to that in males at 

0.85% (Table 1).  

During the carcasses inspection, CLA of the mediastinal 

lymph nodes were found in variable sizes and contents, the 

pus was cheesy, creamy -milky to pale green in color as 

shown in (Figure 1). 

 

Table 1: The prevalence rate of CLA among age and sex 

groups of slaughtered sheep in Duhok abattoirs 

 

Sheep 

carcasses  

Inspected carcasses Prevalence 

rate% Negative Positive 

 Age 

<3 years 
98.67% 

(740/750) 

1.33% 

(10/750) 
1.33% 

≥3 years 
96.69% 

(292/302) 

3.31% 

(10/302) 
3.31% 

 Sex 

Males 
99.15% 

(931/939) 

0.85% 

(8/939) 
0.85% 

Females 
89.38% 

(101/113) 

10.61% 

(12/113) 
10.61% 

 

Isolation and Identification of C. pseudotuberculosis 

Based on colony morphology, Gram staining and 

biochemical tests all of the grown bacteria were identified as 

C. pseudotuberculosis; where the colonies on blood agar 

appeared white, small, dry and non-hemolytic at 24 h 

incubation as shown in (Figure 2A). However, after 48 the 

colonies became pale white to creamy in color, crumbly and 

surrounded by narrow zone of beta hemolysis as shown in 

(Figure 2B). Gram stain of the bacterial colonies showed 

Gram-positive pleomorphic, club-like bacilli as shown in 

(Figure 2C). Biochemical tests revealed that the isolates were 

urease and catalase positive.  

The isolates were further confirmed by detection of pld 

gene specific for C. pseudotuberculosis. The results showed 

that DNA fragment of 203 bp for pld gene specific for C. 

pseudotuberculosis was amplified successfully in all 

samples as shown in (Figure 3). 
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Figure 1: Mediastinal lymph node with caseous abscesses of 

slaughtered sheep; the abscess was about 7 cm in diameter 

contained thick creamy pale green - smell less pus. 

 

 
 

Figure 2: Colony morphology and staining characteristics of 

C. pseudotuberculosis isolates from mediastinal lymph 

nodes of slaughtered sheep. Small white, dry and non-

hemolytic colonies after 24 h (A) and colonies surrounded 

by narrow zone of β-hemolysis after 48 h (B). Gram stained 

smear showed Gram-positive pleomorphic bacilli (C). 

 

 
 

Figure 3: Amplification of the pld gene specific for C. 

pseudotuberculosis isolated from CLA from carcasses of 

sheep. Lane 100bp: DNA ladder. Lanes 1-9: amplified pld 

gene in C. pseudotuberculosis isolates. 

Clinical signs of experimentally infected rabbits 

Based on daily regular field observations on 

experimentally infected rabbits and control group, a rabbit 

was found dead after five days of oral infection. Postmortem 

inspection on the dead rabbit revealed a clear intestinal 

congestion, with yellow necrotic foci within the liver (Figure 

4). The rest rabbits were suffered from inappetence and 

lethargy during first week post-infection, but were returned 

to normal condition and were in good appetite in a week 

after. Whereas, the control group that were kept under the 

same environmental condition during the whole period of the 

experiment were found in good body condition with no any 

clinical signs compared to the infected group.  

At 10 days post-infection, the internal organs (lymph 

nodes, liver and spleen) of sacrificed rabbits (N=5) revealed 

clear enlargement and congestion mainly in spleen and 

mediastinal lymph nodes, and on the cut surfaces, caseo-

purulent materials were found in lymph nodes (Figure 5).  

 

 
 

Figure 4: Necrosis lesions (yellow arrows) in liver and 

congestion (red arrows) in intestine of dead rabbit after 5 day 

from oral infection with Corynebacterium 

pseudotuberculosis at 1x107 CFU/ ml. 

 

Post-infection bacterial isolation and bacterial loads 

To determine the potential bacterial survival within the 

bodies of orally infected rabbits, liver, spleen and lymph 

nodes samples were randomly taken from scarified rabbits at 

different weight and homogenized then cultured on blood 

agar. Only three rabbits gave positive bacterial growth; the 

isolated bacterial CFUs where different between rabbits and 

between organs (Figure 6).  
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Figure 5: Yellow arrows refer to (A) caseo-purulent 

materials from crushed lymph nodes by tip of electric miller, 

(B) prominent enlargement and congestion of liver, (C) 

enlarged mediastinal lymph node.  

 

 
 

Figure 6: Corynebacterium pseudotuberculosis colony 

forming unit (CFU)/ ml retrieved from spleen, liver and 

lymph nodes samples of infected rabbits after 10 days (N=3); 

where the average weights of the used tissues for the 

bacterial isolation from spleen, liver and lymph nodes were 

(0.05 gm), (0.258 gm) and (0.081 gm) respectively. 

 

Histopathological changes 

Histopathologically, Hematoxylin and Eosin stained 

slides from spleen, liver and lymph nodes samples revealed 

foci of caseo-necrosis in center with presence of pus and 

surrounded by clear zones of pyogenic membrane infiltrated 

with leukocytic cells encapsulated by a thick wall of 

connective tissue (Figure 7). 

  

Discussion 

 

The prevalence rate of CLA among sheep in Duhok area 

and the possibility of using rabbits as a model for in vivo 

studies on CLA were investigated in this study. The data 

revealed the prevalence rate of CLA among the slaughtered 

sheep was at 1.9% which is in line with that reported among 

the clinically infected adult sheep in Baghdad at rate 2.55% 

(7), and in India at rate 2.31% (26), in Turkey the prevalence 

rate of CLA among slaughtered sheep and goats was at 2.2% 

based on PCR (27).  

 

 
 

Figure 7: Histopathological lesions of caseous lymphadenitis 

due to Corynebacterium pseudotuberculosis in infected 

rabbits after 10 days of experimental infection stained with 

(H&E x100). (A) Lymph node with caseated lesions; caseo-

necrotic center surrounded by a thick pyogenic membrane 

infiltrated with leukocytic cells. (B) Liver of infected rabbit 

shows micro caseated lesion, (C) Higher magnification of the 

liver lesion reveals a high infiltration of leukocytic cells 

within the core of the abscess with the presence of the 

bacteria and surrounded by fibrotic cells (connective tissue). 

(D) Spleen of infected rabbit with caseo-necrotic lesions 

(yellow ring). 

 

The diagnosis of the suspected CLA was confirmed by 

laboratory diagnoses, the data revealed that all lymph nodes 

were positive for C. pseudotuberculosis because the primary 

target site for C. pseudotuberculosis replication is lymph 

nodes (27). Similar findings have been reported previously 

in sheep and goats using PCR detection of the bacteria from 

the lymph nodes by (28) and from lymph nodes of mice by 

(29). Based on standard microbiology methods including 

colony characteristics, Gram staining and biochemical tests 

all isolates showed the characteristics of C. 

pseudotuberculosis as mentioned by (30,31). However, there 

is variability in characteristics of the species within the 

Corynebacterium genus; consequently, molecular technique 

such as PCR technique was developed to confirm the 

detection of the bacterium. For example, PCR based on 16S 

rRNA, RNA polymerase β-subunit (rpoB) and 

phospholipase D (pld) genes have been developed to identify 

C. pseudotuberculosis isolates (19,32). In this study, 20 

phenotypic suspected isolates were subjected to the PCR 

using primer targeting specific pld gene of C. 

pseudotuberculosis and the amplification of pld gene of 203 

bp showed that 100% of the tested isolates were positive C. 

pseudotuberculosis. The pld gene encodes the phospholipase 

D (PLD exotoxin) that implicates in the virulence of C. 

pseudotuberculosis. Detection of C. pseudotuberculosis 
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from CLA in sheep and goat based on pld was also confirmed 

by (7,19,28).  

The effect of the risk factors including age and sex of the 

infected sheep on the prevalence of the disease were 

determined; the older sheep found higher infection rate of 

CLA than that of younger ages, these finding are in 

accordance with that reported by (8,33). The older ages have 

more chances for exposure to the bacterial infection which 

escalates the infection rates of CLA (34-36). Increasing 

infection rate with age probably reflects greater exposure of 

the animals before slaughtering to risk factors such as 

shearing and contaminated dipping equipment (3,37), or may 

be due to animals fighting behavior with transmission 

through head wounds (38).  

With regards to the gender, the data found that prevalence 

of the disease was higher in female than that of male; the 

higher rate in females could be due to the age of the animal, 

where females are kept for longer period than males for 

reproduction which increase the females exposure to 

predisposing factors such as shearing and contact with the 

infected animals (8). This means that ewes usually reared for 

older ages than rams (34). However, studies found different 

results (39), the higher susceptibility of the males to the 

infection could be due to the acute phase protein, mainly 

haptoglobin which is highly increased in male than that of 

females in response to Corynebacterium pseudotuberculosis. 

Increased levels of haptoglobin in sheep in response to the 

bacteria found to play roles in development of CLA (39,40).  

This study was conducted to determine the potential uses 

of rabbits as a mode for in vivo studying of CLA following 

detection of the prevalence rate of the disease among the 

sheep and confirmation of the causative agent. The infected 

rabbits were clinically characterized by loss of appetite to 

anorexia, congregated, loss of body condition during first 

week post-infection, but later the animals returned to its 

normal appetite. These finding are in accordance with that 

reported in experimentally infected mice with 

Corynebacterium pseudotuberculosis (41). Furthermore, the 

bacteria reproduced CLA, namely in mediastinal and 

regional lymph nodes similar to that developed in sheep and 

goats as described (42).  

Corynebacterium pseudotuberculosis was isolated after 

ten days of oral infection from the different organs (spleen, 

liver and lymph nodes) of infected rabbits at different rates. 

No study was found on rabbits to compare the present data 

with; C. pseudotuberculosis biovar ovis strain were isolated 

after 36 hr post-infection from spleen of mice after 

intraperitoneally injected with 106 CFU/ml (43). Besides, 

four different equine-origin Corynebacterium 

pseudotuberculosis strains C3H/HeJ were isolated from 

liver, spleen, lungs, and mesenteric lymph nodes of mice 

following intradermal injection (14). However, these studies 

used different routes of infection, evidence found that C. 

pseudotuberculosis systemic infection was irrespective of 

the route of administration in a study was done in guinea 

(13). In this study, the bacteria were only recovered from 

three rabbits, all rabbits were positive histopathologically for 

the presence of abscess and granulomas; this could be due to 

the host immune response killed the bacteria (22,44), but 

could not clear the abscess and the granuloma at the time-

point post-infection which might be due the presence of 

phospholipase D (PLD) and mycolic acid of the dead 

bacteria maintained the granuloma development (15,45). 

To determine the potential development of CLA and 

pyogranuloma (in internal organs) in orally infected rabbits 

after a time point of 10 days post-infection, sections of 

selected organs were stained with H&E and evaluated on 

light microscopy. Caseo-necrotic foci with multiple micro-

granulomas were found in liver, spleen and lymph nodes; 

micro-abscesses of caseo-necrotic center surrounded by a 

thick pyogenic membrane infiltrated with leukocytic cells 

were found mainly in lymph nodes. These findings are in 

accordance with that reported in in the lungs, liver and 

kidneys of orally infected mice with C. pseudotuberculosis 

(15). Microscopically, the granulomas were found within 

this study were similar to that reported in infected sheep and 

goats with CLA, where the abscess found with central 

necrotic area surrounded by pyogenic membrane with 

infiltration of inflammatory cells (46,47); however, no 

pathognomonic signs of CLA (onion ring signs) were found 

in this study, and this could be due to the time point post-

infection where relayed in this study was not enough to 

develop the lamellate lymphadenitis which is chronic and 

needs time to be developed (48). 

 

Conclusions  

 

Taken together, the study found that the disease is 

prevalent among the sheep within the area; molecular and 

histopathological studies are recommended to be conducted 

for larger scales researches to determine the prevalence of 

the disease among the different areas of Duhok province. 

Preliminary data revealed that using of rabbits as an animal 

model to study pathogenesis of CLA is promising; further 

studies are recommended to be done, namely with regards to 

the interactions between the host and the pathogen in terms 

of immune response, to validate the potential uses of the 

animal for in vivo studies. 
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الانتشار والتحري الجزيئي لالتهاب العقد اللمفية 

التجبني للأغنام المذبوحة في مجازر دهوك؛ الإصابة 

 التجريبية بجراثيم السل الكاذب في الأرانب
 

، زانان محمد أمين 2ريژين فتاح عبدالرحمن، 1نوزت ابوزيد عيسى

، 1، ههندرێن ابراهيم حمد1، کريم هيرش کريم1، محمد مقداد حسين2طه

 1و هيڤى مقداد حميد 1، بههرۆز محمود احم1زيرك ديوالى نجيب

 
فرع الأمراض والأحياء المجهرية،  2فرع الطب الباطني والجراحة،  1

  العراقكلية الطب البيطري، جامعة دهوك، 

 

 الخلاصة

 

سببها يعد التهاب العقد اللمفية التجبني من الأمراض المزمنة التي ت

تكوين  إلىالجهاز اللمفي مما يؤدي  علىجراثيم السل الكاذب وتؤثر 

تحديد لالداخلية. أجريت هذه الدراسة  والأعضاءخراجات في العقد اللمفية 

ي مجازر مدى انتشار التهاب العقد اللمفية التجبني في الأغنام المذبوحة ف

ها والتعرف على مدى قابليت الأرانبتجريبيا في  الإصابة وإحداثدهوك 

غنام. تم على الإصابة بالتهاب العقد اللمفية التجبني كما هو الحال في الأ

ور ذك 939) 1052المختارة عشوائيا والبالغ عددها  فحص ذبائح الأغنام

للمفية ( عيانيا بعناية تامة للتعرف على وجود التهاب العقد اإناث 113و 

بائح التجبني. تم التعرف على جراثيم السل الكاذب في العقد اللمفية لذ

 بةبالإصاقبل البدء  باستخدام تقنية تفاعل البلمرة المتسلسل الأغنام

اب . أظهرت نتائج الدراسة أن نسبة انتشار التهالأرانبفي التجريبية 

 ابةللإصواعلى نسبة  %1.9المذبوحة  الأغنامالعقد اللمفية التجبني في 

ر والحيوانات المتقدمة بالعمر مقارنة بالذكو الإناثتم تسجيلها في 

التجريبية في  الإصابة وأظهرتالصغيرة على التوالي.  والأعمار

 إلىمرضية وبمعدلات متفاوتة من فقدان الشهية  أعراضظهور  الأرانب

ت التغيرا أما. الإصابةمن  الأول الأسبوعاغلبها في  ئ،الموت المفاج

 حدوث التهاب أظهرتالمصابة تجريبيا  الأرانبالمرضية النسيجية في 

بد، . الكالإصابةمن  أيام 10قيحية بعد  وأورامالعقد اللمفية التجبني 

بنية وجود بؤر نخرية تج أظهرتالمصابة  للأرانبللمفية الطحال والعقد ا

متعددة مع وجود قيح وارتشاحات للخلايا البيضاء.  وأورام صغيرة

ن . استنتج مالأغنامللتغيرات المسجلة في  مشابهالتغيرات  هذهوكانت 

تعرف لل الأرانبمن الممكن استخدام  انهالدراسة  لهذه الأوليةالبيانات 

 لالتهاب العقد اللمفية التجبني في الحيوانات.  الإمراضيةوتفهم 
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