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Caseous lymphadenitis (CLA) is a chronic disease of sheep and goats 
worldwide. It is caused by a bacterium known as Corynebacterium 
pseudotuberculosis leading to considerable economic losses. CLA was rarely 
reported in Malaysia until recently, following the importation of goats. Control of 
CLA via vaccination has not been recommended so far. This was due to the 
uncertain efficacy of the only commercially available vaccine against CLA, the 

Glanvac6TM vaccine. In fact, earlier study has revealed that the Glanvac6 
vaccine failed to provide significant protection to goats following challenged by 
live wild-strain of C. pseudotuberculosis. Recombinant vaccines encoding the 
31kDA and 40kDa outer membrane proteins were subsequently developed but 
proved to be ineffective in protecting goats. 
 
 
This study was conducted to determine the effect of different concentrations of 
adjuvants; the palm-based oil and the lipopolysaccharide (LPS) of Pasteurella 
multocida B:2 on the ability of a newly developed recombinant CLA vaccine 
(pET32/LIC-Omp40) to stimulate immune response, hence determined the best 
concentration of the adjuvant for CLA vaccine preparation. Three different 
concentrations of each adjuvant were used; the 3%, 5% and 7% of palm-based 
oil or LPS and were vaccinated into rat model at weeks 0 and 2. The 
immunoglobulin and cell-mediated immune responses were measured weekly 
for a period of 10 weeks. The results revealed that rats vaccinated with 3% 
palm oil adjuvanted recombinant vaccine showed significantly (p<0.05) highest 
antibody levels. Other groups (the 5% and 7% palm oil and the 3%, 5% and 7% 
LPS) showed no significant (p>0.05) different in the IgG levels compared with 
the vaccine without adjuvant. Similarly, the 3% palm oil produced significantly 
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(p<0.05) highest percentage of CD4+ and CD8+ cells compared to other 
groups. Hence, it is concluded that the best concentration and adjuvant for the 
CLA recombinant vaccine is the 3% of palm oil. 
 
 
Then, the efficacy of the newly developed recombinant CLA vaccine containing 
3% palm oil adjuvant was compared with the vaccine containing 10% Freund’s 
incomplete adjuvant (FIA) as adjuvant in goats. Nine adult female goats with no 
history of vaccination against CLA were selected and divided into 3 equal 
groups consisting of 3 goats per group. Goats of group 1 were vaccinated 
intramuscularly with the recombinant vaccine containing 10% FIA, Group 2 with 
the same vaccine containing 3% palm oil as adjuvant and Group 3 with PBS. 
Booster dose of the respective vaccine was administered two weeks after the 
first vaccination. All goats were challenged subcutaneously with 1ml of 109 

cfu/ml of live C. pseudotuberculosis at week 4. Serum and whole blood sample 
were collected from all goats before vaccination and at weekly intervals post-
vaccination throughout the 12-week study period to determine the 
immunoglobulin status via enzyme-linked immunosorbent assay (ELISA) and 
the cell-mediated immunity status via immunofluorescent assay. At the end of 
the study, all goats were killed by exsanguinations before organ and lymph 
node samples were collected for bacterial isolation and lesion scoring.  
 
 
The results revealed that both palm oil adjuvanted and the Freund’s adjuvanted 
recombinant CLA vaccines produced significantly high (p<0.05) antibody levels 
compared to the control throughout the 12-week study period. Following 
challenged with live C. pseudotuberculosis, the antibody levels of Group 1 
increased insignificantly (p>0.05) but Group 2 increased significantly (p<0.05) 
when compared to the control group. Similarly, Groups 1 and 2 showed 
significantly (p<0.05) higher percentage of CD4+ compared to the control until 
week 3 but started to decrease from week 4 until the end of the study period. In 
contrast, the percentage of CD8+ remained significantly (p<0.05) high 
throughout the entire study period. Following challenged, C. 
pseudotuberculosis was successfully isolated from all groups of goats. In fact, 
goats of Groups 1 and 2 showed most severe lesions. This was due to the fact 
that the adjuvanted vaccines stimulated significant (p<0.05) humoral and cell-
mediated immune responses but lasted for a short period of time. It requires 
consistent booster to maintain the immune response.  
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Bisul nodus limfa (CLA) merupakan sejenis penyakit kronik yang sering 
menyerang biri-biri dan kambing di seluruh dunia. Penyakit ini berpunca 
daripada sejenis bakteria yang dikenali sebagai Corynebacterium 
pseudotuberculosis sehingga mengakibatkan kerugian besar kepada ekonomi. 
Kes CLA di Malaysia jarang dilaporkan, tetapi semakin meningkat 
kebelakangan ini berikutan aktiviti pengimportan kambing. Pengawalan CLA 
menggunakan vaksin belum pernah diusulkan setakat ini. Ini adalah kerana 
vaksin Glanvac6TM, satu-satunya vaksin sedia ada dipasaran untuk melawan 
CLA masih belum diyakini keberkesanannya. Tambahan pula, kajian sebelum 
ini telah merumuskan bahawa vaksin Glanvac6TM  gagal untuk memberikan 
perlindungan menyeluruh terhadap kambing. Walaupun vaksin rekombinan 
protein selaput luar 31kDA dan 40kDA telah dihasilkan, namun terbukti masih 
belum berkesan untuk melindungi kambing kerana ketidakupayaannya 
menjana antibodi yang mencukup dan tindak balas sel perantara.  
 
 
Kajian ini dijalankan untuk mengenal pasti kesan perbezaan kepekatan 
adjuvan, iaitu minyak sawit dan lipopolisakarida (LPS) dari P. multocida B:2 ke 
atas keupayaan vaksin rekombinan CLA (pET32/LIC-Omp40) untuk 
merangsang imuniti, sekaligus mengenal-pasti kepekatan terbaik bagi adjuvan 
dalam proses penyediaan vaksin CLA. Tiga kepekatan adjuvan yang berbeza 
telah digunakan, iaitu 3%, 5% dan 7% minyak sawit atau LPS dan diuji ke atas 
tikus ujikaji. Tahap gerakbalas imunoglobulin dan sel perantara direkodkan 
dalam tempoh 10 minggu. Keputusan mendapati bahawa vaksin dengan 3% 
minyak sawit menunjukkan tahap antibodi yang tertinggi (p<0.05). Sebaliknya, 
kumpulan lain (5% dan 7% minyak sawit dan 3%, 5% dan 7% LPS) tidak 
menunjukkan perbezaan yang nyata (p>0.05) berbanding vaksin tanpa 
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adjuvan. Begitu juga, 3% minyak sawit telah merangsang peratusan sel CD4+ 
dan CD8+ tertinggi (p<0.05) berbanding kumpulan lain. Oleh itu, adalah 
disimpulkan bahawa kepekatan adjuvan terbaik untuk vaksin rekombinan CLA 
ialah 3% minyak sawit.  
 
 
Seterusnya, vaksin rekombinan CLA baharu dengan adjuvan 3% minyak sawit 
telah dibandingkan dengan 10% Freund’s incomplete adjuvant (FIA) ke atas 
kambing. Sembilan ekor kambing betina yang tidak pernah diberi vaksin CLA 
dipilih dan dibahagikan kepada 3 kumpulan yang sama rata. Kumpulan 
pertama disuntik secara intraotot dengan vaksin rekombinan yang 
mengandungi 10% adjuvan daripada FIA. Kumpulan kedua menerima suntikan 
yang sama dengan adjuvan 3% minyak sawit dan kumpulan tiga menerima 
suntikan PBS sebagai kumpulan kawalan. Dos tambahan bagi setiap vaksin 
diberikan dua minggu selepas suntikan pertama. Pada minggu keempat,  
kesemua kambing dicabar dengan 1ml inokulum mengandungi 109 cfu/ml C. 
pseudotuberculosis hidup. Serum dan sampel darah kambing diambil sebelum 
vaksinisasi dan setiap minggu sepanjang tempoh 12 minggu kajian. Hal ini 
bertujuan untuk mengenal pasti status imunoglobulin melalui ujian imunoterapi 
terangkai enzim (ELISA) dan juga status ketahan sel perantara melalui 
imunofluorescent assay. Di akhir kajian ini, kesemua kambing disembelih dan 
sampel organ dan nodus limpa diambil untuk pengasingan bakteria dan 
penilaian lesi.  
 
 
Hasil kajian menunjukkan bahawa vaksin CLA rekombinan dengan adjuvan 
minyak sawit dan adjuvan Freund menghasilkan tahap antibodi lebih tinggi 
(p<0.05) berbanding kumpulan kawalan sepanjang tempoh 12 minggu kajian 
dijalankan. Selepas dicabar dengan C. pseudotuberculosis, tahap antibodi 
kumpulan 1 meningkat tetapi tidak signifikan (p>0.05) sementara kumpulan 2 
meningkat signifikan (p<0.05) berbanding kumpulan kawalan.  Begitu juga 
kumpulan 1 dan 2 menunjukkan nilai CD4+ yang lebih tinggi (p<0.05) 
berbanding kumpulan kawalan sehingga minggu ketiga sebelum mula menurun 
selepas minggu keempat sehingga kajian selesai dijalankan. Sebaliknya, 
peratusan CD8+ kumpulan 1 dan 2 kekal tinggi (p<0.05) sepanjang tempoh 
kajian. Meskipun begitu, C. pseudotuberculosis telah berjaya diasingkan 
daripada semua kumpulan kambing. Malah, kumpulan 1 dan 2 menunjukkan 
kesan serangan paling serius. Kedua-dua vaksin beradjuvan telah merangsang 
gerakbalas humoral dan sel perantara yang signifikan (p<0.05) tetapi hanya 
dalam jangka masa yang singkat. Tindak balas imun ini perlu dikekalkan 
dengan vaksin tambahan yang konsisten.  
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CHAPTER 1 
 
 

INTRODUCTION 
 
 

Caseous lymphadenitis (CLA) is a chronic contagious disease of sheep and 
goats worldwide (Abdullah et al., 2013) leading to losses due to disruption in 
trade of animals and animal products (Williamson, 2001). Furthermore, there 
are condemnations of skin and carcasses due to abscesses besides losses in 
reproductive efficiency and in wool, meat and milk production (Guimaraes et 
al., 2011). In fact, CLA became a significant political issue in 1920s when 
mutton carcasses that were imported into Great Britain from a number of 
countries were found to be affected by the disease (Baird and Fontaine, 2007). 
Dissemination of this disease throughout the world occurred through 
importation of infected animals (Baird and Fontaine, 2007).  
 
 
Caseous lymphadenitis was rarely reported in Malaysia until recently, following 
the importation of goats. Despite the sero-positivity of CLA in ruminant farms in 
Malaysia, cases with clinical signs of CLA were rarely encountered (Abdullah et 
al., 2013). Nevertheless, the true prevalence of this disease in Malaysia has 
not been estimated, partly due to the lack of adequate and available diagnostic 
tests for live sheep and goats. Nevertheless, control of CLA in Malaysia is by 
culling of the infected animals (Komala et al., 2008). This control policy has 
been suggested by Renshaw et al. (1979) since affected animals serve as 
reservoir of the infection. However, the culling policy is not popular among 
small holder farmers due to the high value of the animals. With the current 
perceived increasing incidence of CLA in Malaysia, the Department of 
Veterinary Services Malaysia (DVS) had decided to reduce the incidence by 
restricting the movements of goats. This is because CLA is usually introduced 
into a herd through the purchase of new animals (Kuria et al., 2001; Adza Rina 
et al., 2013) and spread within a herd is mainly by direct contact between 
animals. 
 
 
Control of CLA via vaccination has not been recommended so far. This was 
due to uncertain efficacy of the only commercially available vaccine against 

CLA, the Glanvac6 vaccine. In fact, earlier study has revealed that the 

Glanvac6 vaccine failed to provide significant protection to goats following 
challenge by live wild-strain of Corynebacterium pseudotuberculosis (Adza 
Rina et al., 2013). This was believed to be due to difference of C. 
pseudotuberculosis strains. Therefore, research activities toward producing 
vaccine against CLA using local isolates are extremely necessary, and the first 
step toward achieving this is the isolation, identification and confirmation of 
different strains of C. pseudotuberculosis and ultimately identification of 
suitable protein or isolate for vaccine production. Following this, recombinant 
vaccines encoding the 31kDa and 40kDa outer membrane proteins were 
developed but proved to be ineffective in protecting goats against challenge 
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due to inability to stimulate adequate antibody and cell-mediated responses 
(Syafiqah Adilah, 2017). 
 
 
Recombinant proteins or synthetic peptides are generally safer than crude 
inactivated micro-organism but are less immunogenic (Aucouturier et al., 
2001). Therefore, co-administration of an adjuvant with recombinant protein is 
important to stimulate high immune response as recombinant proteins are 
generally poor immunogens when administered alone (Aucouturier et al., 
2001). However, there is no universal adjuvant and their action is not yet 
clearly studied against the newly developed recombinant CLA vaccine. For this 
reason, the potential of palm based oil and lipopolysaccharide (LPS) from 
Pasteurella multocida B:2 as adjuvant was evaluated in this study. Hence, the 
first strategy was to identify the best concentration of adjuvant to be used 
leading to high immune responses. This was followed by evaluating the 
performance of the newly developed recombinant CLA vaccine. Therefore, the 
objectives of the study were: 
 
 

1. To determine the effect of adjuvant (palm-based oil or Freund’s 
adjuvants) on the efficacy of the newly developed recombinant CLA 
vaccine. 
 
1.1 To determine the best concentration of adjuvant for the newly 

developed recombinant CLA vaccine in rat model. 
 

1.2 To determine the effect of newly adjuvanted recombinant CLA 
vaccine in goats. 
 
 

The hypotheses of this study were: 
 
 

1. Addition of palm oil as adjuvant at 3% concentration enhanced the 
immune responses, humoral immunity and also cell-mediated immunity 
in rat model. 
 

2. Addition of oil palm and Freund’s adjuvant for recombinant CLA 
vaccine enhance the humoral immunity but not cell-mediated immunity 
in host model (goat). 

 
 

 
 

 

 
 
 



© C
OPYRIG

HT U
PM

48 
 

REFERENCES 
 
 

Abdinasir, Y.O., Faez, F.J.A. and Aziz, A.S. 2012. Sero-prevalence of
 lymphadenitis evaluated by agar gel precipitation test among small
 ruminant flocks in East Coast Economic Regions in Peninsular
 Malaysia. Journal of Animal and Veterinary Advances
 11(19):3474-3480. 
 
Abdullah, F.F.J., Osman, A.Y., Adamu, L., Azri, N.A., Haron, A.W., Saad,
 M.Z., Omar, A.R. and Sharee, A.Z. 2013. Caseous lymphadenitis
 in a goat. South Asian Journal Life Science 1(1):19-20. 
 
Adler, B., Chancellor, R., Homchampa, P., Hunt, M., Ruffolo, C., Strugnell,
 R. and Wapling, D. 1996. Immunity and vaccine development in
 Pasteurella multocida infections. Journal of Biotechnology 44:139
 144. 
 
Adza–Rina, M.N., Zamri–Saad, M., Jesse, F.F.A., Saharee, A.A., Haron,
 A.W. and Shahirudin, S. 2013. Clinical and pathological changes
 in goats inoculated with Corynebacterium pseudotuberculosis by
 intradermal, intranasal and oral routes. Online Journal of
 Veterinary Research 17: 73–81. 

 
Adza-Rina, M.N., Zamri-Saad, M., Shahirudin, S., Normah, M.Y. and
 Niecorrita, W. 2013. Efficacy of a Commercially Available Vaccine
 against Caseous Lymphadenitis in Goats. Proocedings of 25th

 Veterinary Association of Malaysia Congress:51-52. 
 

Allison, A.C. and Gregoriadis, G. 1974. Liposomes as immunological
 adjuvants. Nature 252; doi:10.1038/252252a0. 
 
Annas, S. 2015. Response of respiratory, gastroinstestinal and urinary
 tract of buffalo calves following exposure to Pasteurella multocida
 B: 2. PhD Thesis, Universiti Putra Malaysia: 5-10. 
 
Ashfaq, M.K. and Campbell, S.G. 1979. A survey of caseous
 lymphadenitis and its etiology in goats in the United States.
 Veterinary Medicine, Small Animal Clinician 74:1161-1165. 
 
Aucouturier, J., Dupuis, L. and Ganne, V. 2001. Adjuvant designed for
 veterinary and human vaccines. Vaccine 19:2666-2672. 
 
Azuma, I., Sugimura, K., Taniyama, T., Yamawaki, M., Yamamura, Y.,
 Kusumoto, S., Okada, S. and Shiba, T. 1976. Adjuvant activity of
 Mycobacterial fractions: Adjuvant activity of synthetic N
 acetylmuramyl dipeptide and the related compounds. Infection and
 Immunity 14(1):18-27.  
 



© C
OPYRIG

HT U
PM

49 
 

Baird, G.J. and Fontaine, M.C. 2007. Corynebacterium pseudotuberculosis
 and its role in ovine caseous lymphadenitis. Journal of
 Comparative Pathology 137:179-210. 

 
Bajenoff, M., Wurtz, O. and Guerder, S. 2002. Repeated antigen exposure
 is necessary for differentiation, but not the initial proliferation, of
 naïve CD4+ T cells. Journal of Immunology 168:1723-1729. 
 
Bastos, B.L., Portela, R.W.D., Dorella, F.A., Ribeiro, D., Seyffert, N.,
 Castro, T.L.P., Miyoshi, A., Oliveira, S.C., Meyer, R. and Azevedo,
 V. 2012. Corynebacterium pseudotuberculosis: Immunological
 responses in animal models and zoonotic potential. Journal of
 Clinical and Cellular Immunology. S4: 005. doi: 10.4172/2155
 9899.S4-005. 
 
Batey, R.G. 1986. Pathogenesis of caseous lymphadenitis. Goat Medicine.
 1st edn. Lea and Febier, Iowa.  
 
Biberstein, E.L., Knight, H.D. and Jang, S. 1971. Two biotypes of
 Corynebacterium pseudotuberculosis. Veterinary Record. 89: 691
 692.  
 
Binns, S.H., Bairley, M. and Green, L.E. 2002. Postal survey of ovine
 caseous lymphadenitis in the United Kingdom between 1990
 1999. Veterinary Record. 150:263-268. 
 
Braga, W.U. 2007. Protection in alpacas against Corynebacterium
 pseudotuberculosis using different bacterial components.
 Veterinary Microbiology 119:297-303. 
 
Brogden, K.A., Cutlip, R.C. and Lehmkuhl, H.D. 1984. Experimental
 Corynebacterium pseudotuberculosis infection in lambs. American
 Journal of Veterinary Research. 45:1532-1534. 
 
Brown, C.C. and Olander, H.J. 1987. Caseous lymphadenitis of goats and
 sheep: a review. Veterinary Bulletin.57:1-2. 
 
Cassataro, J., Velikovsky, C.A., Giambartolomei, G.H., Estein, S., Bruno,
 L., Cloeckaert, A., Bowden, R.A., Spitz, M. and Fossati, C.A. 2002.
 Immunogenicity of Brucella melitensis recombinant ribosome
 recycling factor-homologous protein and its cDNA. Vaccines
 20:1660-1669.  
 
Cetinkaya, B., Karahan, M., Atil, E., Kalin, R., Baere, T.D and
 Vaneechoutte, M. 2002. Identification of Corynebacterium
 pseudotuberculosis isolates from sheep and goats by PCR.
 Veterinary Microbiology 88:75083. 
 
Chirino-Zarraga, C., Scaramelli, A. and Rey-Valeiron, C. 2006.
 Bacteriological characteriszation of Corynebacterium



© C
OPYRIG

HT U
PM

50 
 

 pseudotuberculosis in Venezuelan goat flocks. Small Ruminant
 Research 65:170-175. 
 
Cox, J.C. and Coulter, A.R. 1997. Adjuvants- a classification and review of
 their modes of action. Vaccine 15: 248-256. 
 
Collins, F.M. and Campbell, S.G. 1982. Immunity to intracellular bacteria.
 Veterinary Immunology and Immunopathology  3:5-66. 
 
Connor, K.M., Fontaine, M.C., Rudge, K., Baird, G.J. and Donachie, W.
 2007. Molecular genotyping of multinational ovine and caprine
 Corynebacterium pseudotuberculosis isolates using pulsed-field
 gel electrophoresis. Veterinary Research 38:613-623. 
 
Dorella, F.A., Pacheco, L.G.C., Oliveira, S.C., Miyoshi, A. And Azevedo, V.
 2006. Corynebacterium pseudotuberculosis: microbiology
 biochemical properties, pathogenesis and molecular studies of
 virulence. Veterinary Research 37:201-218. 
 
Dorella, F.A., Pacheco, L.G.C., Seyffert, N., Portela, R.W., Meyer, R.,
 Miyoshi, A. and Azevedo, V. 2009. Antigen of Corynebacterium
 pseudotuberculosis and prospects for vaccine development.
 Expert Review of Vaccines 8:205-213. 
 
Droppa-Almeida, D., Vivas, W.L.P., Silva, K.K.O., Rezende, A.F.S.,
 Simionatto, S., Meyer, R., Lima-Verde, I.B., Delagostin, O.,
 Borsuk, S. and Padilha, F. 2016. Recombinant CP40 from
 Corynebacterium pseudotuberculosis confers protection in mice
 after challenge with virulent strain.Vaccine 34:1091-1096. 
 
Ellis, R.W. 2001. Technologies for the design, discovery, formulation and
 administration of vaccine. Vaccine 19:2681-2687. 
 
Ellis, J.A., Hawk, D.A., Holler, L.D., Mills, K.W. and Pratt, D.L. 1990.
 Differential antibody responses to Corynebacterium
 pseudotuberculosis in sheep with natural acquired caseous
 lymphadenitis. Journal of the American Veterinary Medical
 Association 196:1609-1613. 
 
Fontaine, M.C. and Baird, G.J. 2008. Caseous lymphadenitis. Small
 Ruminant Research 76:42-48. 
 
Fontaine, M.C., Baird, G., Connor, K.M., Rudge, K., Sales, J. and
 Donachie, W. 2006. Vaccination conferns significant protection of
 sheep against infection with a virulent United Kingdom strain of
 Corynebacterium pseudotuberculosis. Vaccine 24:5986-5996. 
 
Foulds, K.E., Zenewicz, L.A., Shedlock, D.J., Jiang, J., Troy, A.E. and
 Shen, H. 2002. Cutting edge: CD4 and CD8 T cells are
 instrinsically different in their proliferation responses. Journal of
 Immunology 168:1528-1532. 



© C
OPYRIG

HT U
PM

51 
 

Ganfield, D.J., Rebers, P.A. and Heddleston, K.L. 1976. Immunogenic and
 toxic properties of a purified lipopolysaccharide-protein complex
 from Pasteurella multocida. Infection and Immunity 14:990-999. 
 
Garcon, N., Leroux-Roels, G. and Cheng, W.F. 2011. Vaccine adjuvants.
 Understanding Modern Vaccine: Perspectives in Vaccinology
 1:89-113. 
 
Greenberg, S. and Grinstein, S. 2002. Phagocytosis and innate immunity.
 Current opinion in Immunology 14:136-145. 
 
Guimareas, A.D.S., Carmo, F.B.D., Pauletti, R.B., Seyffert, N., Ribeiro, D.,
 Lage, A.P., Heinemann, M.B., Miyoshi, A., Azevedo, V. and
 Gouveia, A.M.G. 2011. Caseous lymphadenitis: Epidemiology,
 diagnosis and control. The IIOAB Journal 2(2):33-43.   
 
Hafid, S.R.A., Radhakrishnan, A.K. and Nesaretnam, K. 2010.
 Tocotrienols are good adjuvants for developing cancer vaccines.
 BMC Cancer 10: 5. 
 
Hansson, M., Nygren, P.A and Stahl, S. 2000. Review on design and
 production of recombinant subunit vaccines. Biotechnology and
 Applied Biochemistry 32:95-107. 
 
Hatfaludi, T., Al-Hasani, K., Boyce, J.D. and Adler, B. 2010. Outer
 membrane protein of Pasteurella multocida. Veterinary
 Microbiology 144(1):1-17. 
 
Hedden, J.A., Thomson, C.M., Songer, J.G. and Olson, G.B. 1986.
 Characterization of lectin-binding lymphocytes in goats with
 caseous lymphadenitis. American Journal of Veterinary Research.
 47(6):1265-1267. 
 
Hodgson, A.L., Carter, K., Tachedjian, M., Krywult, J., Corner, L.A.,
 McColl, M. and Cameron, A. 1999. Efficacy of an ovine caseous
 lymphadenitis vaccine formulated using a genetically inactive form
 of the Corynebacterium pseudotuberculosis phospholipase D.
 Vaccine  17(7): 802-808. 
 
Ibrahim, H.H., Jesse, F.F.A., Abba, Y., Chung, E.L.T., Marza, A.D., Haron,
 A.W., Zamri-Saad, M., Omar, A.R. and Saharee, A.A. 2016.
 Clinical and histopathological study on reproductive lesion caused
 by Pasteurella multocida type B2 immunogen in buffalo heifers.
 Bulgarian Journal of Veterinary Medicine: 1311-1477. 
 
Ina-Salwany, M.Y., Sabri, M.Y., Zamri, S.M. and Effendi, A.W.M. 2011.
 Efficacy of inactivated recombinant vaccine encoding a fimbrial
 protein of Pasteurella multocida B:2 against hemorrhagic
 septicaemia in goats. Tropical Animal Health Production 43: 179
 187. 
 



© C
OPYRIG

HT U
PM

52 
 

Irwin, M.R. and Knight, H.D. 1975. Enhanced resistence to
 Corynebacterium pseudotuberculosis infections associated with
 reduced serum immunoglobulin levels in levamisole-treated mice.
 Infection and Immunity 12(5):1096-1103. 
 
Ismail, Shahriman, M., Ramanoon, Siti Zubaidah, Ong and Bee Lee. 2012.
 Prevalence and risk factor of caseous lymphadenitis in goats from
 selected farms in Selangor, Malaysia. In: 7th Seminar in Veterinary
 Science, Universiti Putra Malaysia.  
 
Ivan, R., Jonathan, B. And David, M. 1993. Cell- Mediated immune
 Reaction. Immunology 3: 8.1-8.5. 
 
Johnson, A.G., Gaines, S. and Landy, M. 1956. Studies on the 0 antigen of
 salmonella Iyphosa. V. Enhancement of antibody responses to
 protein antigens by the purified lipopolysaccharide. Journal of
 Experimental Medicine 103:225-246. 
 
Ko, J. and Splitter, G.A. 2003. Molecular host-pathogen interaction in
 brucellosis: Current understanding and future approaches to
 vaccine development for mice and human. American Society for
 Microbiology 16(1):65-78.  
 
Komala, T.S., Ramlan, M., Yeoh, N.N., Surayani, A.R. and Sharifah
 Hamidah, S.M. 2008. A survey of caseous lymphadenitis in small
 ruminant farms from two districts in Perak, Malaysia – Kinta and
 Hilir Perak. Tropical Biomedicine 25(3):196-201. 
 
Kuria, J.K.N., Mbuthia, P.G., Kang’ethe, E.K. and Wahome, R.G. 2001.
 Caseous lymphadenitis in goats: the pathogenesis, incubation
 period and serological response after experiment infection.
 Veterinary Research Communication 25:89-97. 
 
Leenaars, P.P.A.M., Claassen, E. and Boersma, W.J.A. 1997. Antigens
 and antigen presentation. Immunology Menthods Manual :989
 1013.  
 
Liljeqvist, S. and Stahl, S. 1999. Production of recombinant subunit
 vaccine: protein immunogens, live delivery system and nucleic
 acid vaccine. Journal of Biotechnology 73(1):1-33. 
 
Magdy, H.A., Salama, A.O. and Atef, F.O. 2009. Caseous lymphadenitis in
 sheep and goats: Clinical, epidemiological and preventive studies.
 Small Ruminant Research 87:116-121. 
 
Mahan, S.M., Kumbula, D., Burridge, M.J. and Barbet, A.F. 1998. The
 inactivated Cowdria ruminatium vaccine for heartwater protects
 against heterologous strains and against laboratory and field tick
 challenge. Vaccine 16(11):1203-1211. 
 



© C
OPYRIG

HT U
PM

53 
 

Malaysia Veterinary Protocol: Caseous Lymphaenitis, (2011) PVM
 3(13):1/2011. 
 
McAleer, J.P. and Vella, A.T. 2010. Educating CD4 T cells with vaccine
 adjuvants: lessons from lipopolysaccharides. Trends in
 Immunology 31(11): 429-435.  
 
Mercado, R., Vijh, S.S., Allen, E. Kerksiek, K., Pilip, I.M. and Pamer, E.G.
 2000. Early programming of T cell populations responding to
 bacterial infection.  Journal of Immunology 165:6833-6839. 
 
Mufti, A.R. 2011. Development of a new stable formulation of Pasteurella
 multocida nano vaccine by using a mixture of palm oil and coconut
 oil as adjuvant. 7th IndoChina Conference on Pharmaceutical
 Sciences. 14-16 December 2011, Bangkok, Thailand.  
 
Muniandya, N., Loveb, D.N. and Mukkurcd, T.K.S. 1998. Immunogenicity
 of purified lipopolysaccharides or protein-oligosaccharide
 conjugates of Pasteurella multocida 6:B in mice. Comparative
 Immunology, Microbiology and Infectious Diseases. 21(4):257
 279. 
 
Obst, R., Santen, H.M.V., Mathis, D. and Benoist, C. 2005. Antigen
 persistence is required throughout the expansion phase of a CD4+
 T cell response. Journal of Experimental Medicine 201:1555-1565. 
 
Olson, M.E., Ceri, H., Morck, D.W., Buret, A.G. and Read, R.R. 2002.
 Biofilm bacteria: formation and comparative susceptibility to
 antibiotics. Canadian Journal of Veterinary Reseach 66: 86-92. 
 
Pacheco, L.G.G, Pena, R.R. and Castro, T.L.P. 2007. Multiplex PCR
 assay for identification of Corynebacterium pseudotuberculosis
 from pure cultures and for rapid detection of this pathogen in
 clinical samples. Journal of Medical Microbiology 56:1-7. 
 
Paton, M.W. 2000. Applying the experience of CLA in the southern
 hemisphere. In: Prooceedings of the Moredun Research Institute
 Scottish Agricultural College Workshop on Caseous
 Lymphadenitis :3-15. 
 
Pati, U.S., Srivastava, S.K., Roy, S.C. and More, T. 1995. Immunogenicity
 of outer membrane protein of Pasteurella multocida in buffalo
 calves. Veterinary Microbiology 52:301-311. 
 
Paule, B.J.A., Azevedo, V., Regis, L.F., Carminati, R., Bahia, C.R., Vale,
 V.L.C., Moura-Costa, L.F., Freire, S.M., Nascimento, I., Schaer,
 R., Goes, A.M. and Meyer, R. 2003. Experimental
 Corynebacterium pseudotuberculosis primary infection in goats:
 kinetics of IgG and interfero-γ production, IgG avidity and antigen
 recognition by Western blotting. Veterinary Immunology and
 Immunopathology 96:129-139.  



© C
OPYRIG

HT U
PM

54 
 

Pepin, M., Pardon, P. And Marly J. 1988. Corynebacterium
 pseudotuberculosis infection in adults ewes by inoculation in the
 external ear. American Journal of Veterinary Research. 49:459
 463. 
 
Presscott, J.F., Menzies, P.I. and Hwang, Y.T. 2002. A interferon-gamma
 assay for diagnosis of Corynebacterium pseudotuberculosis
 infection in adult sheep from a research flock. Veterinary
 Microbiology 88:287-297. 
 
Puspitasari, Y., Zamri-saad, M., Sabri, M.Y. and Zuki, A.B. 2012. Humoral
 and cellular immune responses in goats exposed to recombinant
 cells expressing Omp 34kDa Brucella melitensis gene. Online
 Journal of Veterinary Research 16(1):16-25. 
 
Puspitasari, Y. 2011. Expressing the gene encoding 34-kilodalton outer
 membrane protein of Brucella melitensis for development of a
 recombinant vaccine. Degree of Master of Veterinary Science
 Thesis, Universiti Putra Malaysia.123-123. 
 
Ramlan, M., Yeoh, N.N., Norlindawati, A.P. and Surayani, A.R. 2010. A
 comparison for the detection of Corynebacterium
 pseudotuberculosis in sheep and goats between ELISA test and
 the agar gel immunodiffusian. Malaysian Journal of Veterinary
 Research 1:9-18. 
 
Raetz, C.R. and Whitfield, C. 2002. Lipopolysaccharide endotoxins.
 Annual Review on Biochemistry, 71:635-700. 
 
Renshaw, H.W., Graff, V.P. and Gates, N.L. 1979. Visceral caseous
 lymphadenitis in thin ewe syndrom; isolation of Corynebacterium,
 Staphylococcus and Moraxella spp. from internal abscess in
 emaciated ewes. American Journal of Veterinary Research
 40:1110-1114. 

 
Roitt, I.M., Delves, P.J., Martin, S.J. and Burton, D.R. 2006. Roitt’s
 Essential Immunology. 11th edd. Blackwell publishing, Inc.
 Massachusetts. USA. Pp.55-60. 
 
Sabri, M.Y., Zamri-Saad, M., Mutalib, A.R., Israf, D.A. and Muniandy, N.
 2000. Efficacy of an outer membrane protein of Pasteurella
 multocida A2, A7, or A9-enriched vaccine against intratracheal
 challenge exposure in sheep. Veterinary Microbiology 73:13-23. 
 
Salim, A.M. 2003. Immunoglobulatory activity of Mannheimia haemolytica
 A2 lipopolysaccharide. Thesis for Master of Science, Universiti
 Putra Malaysia. 1-10.  
 
Salk, J. And Salk, D. 1977. Control of influenza and poliomyelitis with killed
 vaccine. Science 195:834. 



© C
OPYRIG

HT U
PM

55 
 

Schmiel, D.H. and Miller, V.L. 1999. Bacterial phospholipases and
 pathogenesis. Microbes and Infection 1:1103-1112. 
 
Shun, R.P.S., Faez, F.F.A., Saad, M.Z. and Haron, A.W. 2012. Clinical
 response and pathological changes associated with
 Corynebacterium pseudotuberculosis infection in mice. 7th

 Proceedings of the Seminar in Veterinary Sciences. UPM
 Serdang, Malaysia. Pp46-51. 
 
Simmons, C.P., Hdgson, A.L., Strugnell, R.A. 1997. Attenuation and
 vaccine potential of aroQ mutants of Corynebacterium
 pseudotuberculosis. Infection and Immunity 65(8): 3048-3056. 
 
Singh, M. and O’Hagan, D. 1999. Advance in vaccine adjuvants. Nature
 Biotechnology 17:1075-1081. 
 
Sompayrac, L. 2003. How the immune system works, 2nd edition. Blackwell
 Publishing Company :6-7 
 
Stoops, S.G., Renshaw, H.W. and Thilsted, J.P. 1984. Ovine caseous
 lymphadenitis: disease prevalence, lesion distribution, and
 thoracic manifestations in a population of mature culled sheep
 from western United States. American Journal of Veterinary
 Research. 45:557-561. 
 
Sutherland S.S., Hart R.A. and Buller N.B. 1993. Ribotype analysis of
 Corynebacterium pseudotuberculosis isolates from sheep and
 goats. Australian Veterinary Journal. 70:454–456.  
 
Syafiqah Adilah, S. 2017. Molecular characterization of Corynebacterium
 pseudotuberculosis and preparation of recombinant cells against
 caseous lymphadenitis. Degree of Master of Science Thesis,
 Universiti putra Malaysia.80-82. 
 
Tashjian, J.J. and Campbell, S.G. 1983. Interaction between caprine
 macrophages and Corynebacterium pseudotuberculosis: an
 electron microscopy study. American Journal of Veterinary
 Research. 44:690-693. 
 
Ter Laak, E.A., Bosch, J. and Bijl, G.C. 1992. Double antibody sandwish
 enzyme-linked immunosorbent assay and immunoblot analysis
 used for control of caseous lymphadenitis in goats and sheep.
 American Journal of Veterinary Research. 53:1125-1132.  
 
Tham, K.M and Sheikh-Omar, A.R. 1981. A study on causes of
 condemnation of carcass and organs at Shah Alam abattoir.
 Pertanika 4(1):43-46. 
 
Tizard, Ian R. 2000. Veteriary immunology: An introduction. Pennsylvania,
 Saunders Company. Pp:26 
 



© C
OPYRIG

HT U
PM

56 
 

Vogel, S.N. and Hogan, M.M. 1990. Role of cytokines in endotoxin
 mediated host responses. Immunophysiology. The role of cells
 and cytokines in immunity and inflammation. Oxford: Oxford
 University Press: 238-58. 
 
Wanasawaeng, W., Tawatsin, A., Sasipreeyajun, J., Poomvises, P. and
 Chansripornchai, N. 2009. Development of inactivated Newcastle
 disease vaccine using palm oil as an adjuvant. Thai Journal of
 Veterinary Medicine 39(1): 9-16. 
 
Williamson, L.H. 2001. Caseous lymphadenitis in small ruminants. The
 Veterinary Clinics of North America  Food Animal Practice 17:
 359–71. 

 
Windsor, P.A. 2011. Control of caseous lymphadenitis. Veterinary Clinics
 of Food Animal 27:193-202. 
 
World Organisation for Animal Health Official Website (Updated 2013). 
 
Yip, H.C., Karulin, A.Y., Tary-Lehmann, M., Hesse, M.D., Radeke, H.,
 Heeger, P.S., Trezza, R.P., Heinzel, F.P., Forsthuber, T. and
 Lehmann, P.V. 1999. Adjuvant-guided type-1 and type-2 immunity:
 infectious/noninfectious dichotomy defines the class of response.
 Journal of Immunology 162:3942-3949. 
 
Zamri-Saad, M., Ernie, Z.A. and Sabri, M.Y. 2006. Protective effect
 following intranasal exposure of goats to live Pasteurella multocida
 B:2, Tropical Animal Health Production 38:541-546. 
 
Zariri, A. And van der Ley, P. 2015. Biosynthetically engineered
 lipopolisaccharides as vaccine adjuvant. Expert Review in
 Vaccines 14(6): 861-876. 
 
 

 
 

 

 

 

 

 

 

 




