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			Abstract | Corynebacterium pseudotuberculosis is the causative agent of caseous lymphadenitis in small ruminants and is of considerable economic importance in many countries worldwide. The control of the disease in animals depends on the control of the disease in infected animals. Nevertheless, few countries where the disease was previously endemic have successfully eradicated the pathogen. This investigation was undertaken to determine the antibody titre (IgM and IgG) in does challenged with C. pseudotuberculosis and its Mycolic acids (MAs) immunogen extract. About 12 healthy crossbred female Boer goats were assigned into three groups (A, B and C), each comprising of 4 goats. Group A (Negative control group) was inoculated intradermally with 2 ml of sterile phosphate-buffered saline (PBS-pH 7); Group B (Mycolic acid group) was inoculated intradermally with 2 ml of immunogenic Mycolic acid extract (1g /ml); while group C (Positive control group) was inoculated intradermally with 2 ml of 109 colony-forming unit of live C. pseudotuberculosis. All the animals were observed for 90 days post-inoculation. Blood samples were collected via the jugular vein from all the groups before the inoculation and once weekly after the challenge until the end of the research period. The result of the study showed that the Immunoglobulin M (IgM) concentration in goats inoculated with C. pseudotuberculosis significantly (p<0.05) increased at week 2 (18.97±0.28 ng/ml), week 3 (33.97±0.59 ng/ml), week 4 (31.94±0.28 ng/ml) and week 5 (12.51±2.42). Whereas, in the mycolic acid group, the IgG antibody titre increased consistently from week 1 to week 3 (20.99±1.96 ng/ml; 15.52±3.78 ng/ml; 14.74±0.34 ng/ml) respectively. On the other hand, the Immunoglobulin G (IgG) concentration was found to significantly increase (p<0.05) after treatments and the increase persisted up till week 11 post-inoculation. The concentration of IgG steadily increased in C. pseudotuberculosis and MAs-treated groups, reaching the peak at week 9 (32.82±8.56 ng/ml) in C. pseudotuberculosis group and week 10 (28.41±1.27 ng/ml) in MAs group, then declined slowly from week 10 till week 12. In conclusion, there was an elevated level in the IgM and IgG antibodies post-infection with C. pseudotuberculosis and MAs. However, while the IgG antibody levels started declining at week 9 for C. pseudotuberculosis, the MAs group was sustained until week ten before reducing. Therefore, MAs can be used as an immunogen to control caseous lymphadenitis infection caused by C. pseudotuberculosis among small ruminants.
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			Introduction 

			 

			Caseous lymphadenitis (CLA) is a chronic infectious disease that has an affinity for sheep and goats (Baird & Fontaine, 2007; Abdullah et al., 2019). The causative agent C. pseudotuberculosis is an intracellular gram-positive bacteria (Batey, 1986; Mahmood et al., 2016). The infection (CLA) occurs in two distinct forms; the external and internal forms (Lopez et al., 1966; Jesse et al., 2017).  This infection has a complex immune pattern which involves a synergy between the two types of the immune response (Ellis et al., 1991; Faeza et al., 2019b). However, the cell-mediated immune response is the predominant immune response in sheep and goats with CLA compared to the humoral antibody response (Pepin et al., 1997; Alves & Olander, 1998; Odhah et al., 2018). Several studies have been conducted to understand the immune response of sheep and goat with caseous lymphadenitis, yet the understanding with respect to the immunity is still vague. Nonetheless, the humoral immunity has been recently reported to be highly essential during CLA in sheep and goats (Baird & Fontaine, 2007; Odhah et al., 2017; Faeza et al., 2019a).

			 

			The extraction of the Mycolic acid (MAs) fraction of the bacteria can be achieved using organic solvents or via the terminal esterification of the Penta-arabinofuranosyl units of arabinogalactan (McNeil et al., 1991). Mycolic acid of C. pseudotuberculosis is a geometric and positional dioenoic isomer (Parodi, 1999; Abdullah et al., 2019). It is composed of alkyl-b-hydroxyl fatty acids of a specific length and complexity which represents a major lipid component of the cell wall of some bacteria including C. pseudotuberculosis and M. tuberculosis among others. The cell wall purified mycolic acid MAs has been shown to mimic certain vital features of natural infections with the actual bacteria as earlier reported (Korf et al., 2005; Odhah et al., 2019). 

			 

			The intracellular mycolic acid is capable of triggering signaling pathways leading to the activation and differentiation of infected macrophage, and subsequent endocytosis of excreted mycolic acid-containing complexes may trigger the activation and differentiation of the cell, thereby promoting an immunological response (Korf et al., 2005; Odhah et al., 2018).

			 

			The immunoglobulin M (IgM) is a component of the humoral immune response elicited by T-independent (TI) antigens. It is known to play a significant role in microbial immunity (Robbins et al., 1995). Unlike earlier reports indicating the short half-life of IgM, it has recently been demonstrated that IgM produces prolonged response post-infection or immunization (Vos et al., 2000). It is present in high concentrations in blood and can neutralize a broad range of pathogenic bacteria or viruses due to its high acidity. While immunoglobulin G (IgG), on the other hand, is considered the most effective humoral response to many protein antigens. It has two antigen-binding sites and represents the most abundant form of immunoglobulin in circulation. The molecules are produced and released by B cells following invasion by a pathogenic microorganism (Mond et al., 1995; Abdullah et al., 2015). The IgM is by far the physically most abundant antibody, and it is the first antibody secreted following exposure to an antigen.  It is also one of the most sensitive acute phase markers of inflammatory and infectious conditions in ruminants. It is routinely used to assess the innate immune response to vaccination in sheep (Selim et al., 2010; Othman et al., 2014b; Odhah et al., 2018).

			 

			IgM and IgG are among the most important parameters that serve as markers during the early and later stage of CLA. Observations of the kinetics of these two acute/chronic phase markers in the development and progression of CLA lesion is necessary for immunological response post-infection with Corynebacterium pyogenes (Eckersall et al., 2008; Dorella et al., 2009; Saad et al., 2013).  Nonetheless, IgM as marker gives an earlier detection of the infection than the IgG (Maki et al., 1985) and it possesses a key role in CLA (Perkins et al., 2004). Many studies have, however, been conducted within the study area, but there remains a gap in information on the immune response to C. pseudotuberculosis and its mycolic acid. This study, therefore, seeks to investigate the humoral immune response after experimental challenge with C. pseudotuberculosis and MAs. 

			 

			Materials and methods

			 

			Ethical statement  

			This study was conducted in accordance with the approval of the Institutional Animal Care and Use Committee (IACUC), Universiti Putra Malaysia (UPM/IACUC/AUP-R46/2015).

			 

			Bacterial inoculum 

			A stock of C. pseudotuberculosis isolated from transudate of skin lesion from infected goats was obtained from the Taman Pertanian Universiti (TPU) repository, Universiti Putra Malaysia. The bacterial stock was cultured on a 10% sheep blood-MacConkey’s agar and incubated at 37oC for 48 hours. Bacterial colonies were morphologically identified (as small, white, dry, and crumbly colonies) and biochemically confirmed by the fermentation of sugars (glucose, xylose, maltose, and sucrose), catalase reaction, urease reaction and nitrate reduction tests (Othman et al., 2016). The identified C. pseudotuberculosis colonies were suspended in normal saline and used to prepare a concentration of 107 CFU/ml using the McFarland technique (Mcfarland, 1907).

			 

			Mycolic acid inoculum

			The mycolic acid of C. pseudotuberculosis was extracted according to the method of Brogden and Engen (1990) with a slight modification. Briefly, colonies of C. pseudotuberculosis were inoculated into 250 ml of brain heart infusion broth containing 1% Tween 80 and then incubated at 37 °C in a shaking incubator for 24 hours. Subsequently, the broth culture was then centrifuged at 6000 rpm at 4°C for 15 minutes to sediment the bacterial cells. The supernatant was decanted, and the bacterial pellets were washed twice with sterile distilled water, followed by 50% acetone, 100% acetone, and then finally washed twice in 100% diethyl ether before leaving to air-dry. The mycolic acid was then extracted according to the method described in previous studies (Daffe and Etienne, 1999).

			 

			Experimental design

			The sample size for this study was calculated based on assumptions of 80% power in a three-group, two-sided t-test with a Type I error rate of 0.05. A total of twelve (n=12) healthy non-pregnant adult female Boer crossbred goats were used for the study. The goats were initially acclimatized for two weeks in the animal experimental house, Faculty of Veterinary Medicine, Universiti Putra Malaysia. During acclimatization, the animals were treated for bacterial infections (by a single dose of 20% oxytetracycline at 1ml/10kg body weight) and parasitic infections (by a single subcutaneous injection of 1% Ivermectin). The goats were given a feed ration comprising of Napier grass, commercial goat pellet and water ad libitum. The goats were assigned to 3 groups of 4 each designated as; Group A which represent the negative control group was given 2 ml intradermal injection with sterile phosphate-buffered saline (PBS pH 7); Group B represents the mycolic acid group and was also given 2 ml intradermal injection containing 1g /ml of the immunogen Mycolic acid extract; while Group C  treated by an intradermal injection of 2 ml of 109 colony-forming unit (CFU) of C. pseudotuberculosis. All the animals were observed for a period of ninety days after the inoculation. Blood samples were collected from the animals from the jugular vein at the beginning of the experiment before the inoculation, and then subsequently twice weekly after inoculation until the 12th week.

			 

			Determination of serum IgG and IgM by ELISA

			The QAYEE-BIO® goat immunoglobulin M (IgM) (Cat. No. QY-E140049) and IgG (Cat No. QY-E140013) double-antibody sandwich ELISA test kits were used for the quantitative determination of serum antibodies against Corynebacterium pseudotuberculosis and its mycolic acid extract in experimental animals. The assay procedures were performed under controlled conditions according to the manufacturer’s instructions (QAYEE-BIO® Shanghai, China). The optical density (OD) of blank, standard, and unknown wells of each plate were measured at 450nm wavelength using a microplate ELISA reader (Tecan® Sunrise, MA, USA). The concentration of IgM and IgG was calculated using a four-parameter logistic curve fit (www.myassays.com).

			 

			Statistical Analysis

			Experimental data was summarized in Microsoft® Excel Spread Sheet program version 2016 and analyzed with GraphPad prism version 8.0. The effects of different treatments and time periods on serum IgM and IgG were analyzed by two-way analysis of variance. Dunnett’s two-sided test was used to compare the mean serum antibodies between different treatments and the control at 5% level of significance. 

			 

			Results

			 

			Immunoglobulin M (IgM)

			The mean values of IgM concentration of all treated groups are shown in Table 1. The concentration of IgM was found to be significantly (p<0.05) increased at week 2 (18.97±0.28 ng/ml), week 3 (33.97±0.59 ng/ml), week 4 (31.94±0.28 ng/ml) week 5 (12.51±2.42) post inoculated with C. pseudotuberculosis compared with the control, and a significant increased (p<0.05) in week 1 (20.99±1.96 ng/ml), week 2 (15.52±3.78 ng/ml), week 3 (14.74±0.34 ng/ml) post-inoculation with MAs compared to the control (5.01±1.64 ng/ml). 

			 

			Table 1: Means (±S.E) of IgM concentration (ug/ml) of the inoculated group throughout the study period

			
				
					
					
					
					
				
				
					
							Experimental groups
					

					
							Weeks
							Negative control
							Mycolic acid
							
							C. pseudotuberculosis

						
					

					
							
							0

						
							
							7.63±0.94

						
							
							6.72±1.33

						
							
							7.18±1.81

						
					

					
							
							1

						
							
							7.49±0.84c

						
							
							20.99±1.96a

						
							
							13.70±0.51b

						
					

					
							
							2

						
							
							6.44±0.73c

						
							
							15.52±3.78b

						
							
							18.97±0.28a

						
					

					
							
							3

						
							
							7.50±0.40c

						
							
							14.74±0.34b

						
							
							33.97±0.59a

						
					

					
							
							4

						
							
							6.57±0.95b

						
							
							7.75±2.40b

						
							
							31.94±0.28a

						
					

					
							
							5

						
							
							6.15±0.80b

						
							
							6.21±0.84b

						
							
							12.51±2.42a

						
					

					
							
							6

						
							
							7.02±1.17b

						
							
							7.67±0.75b

						
							
							9.94±1.38ab

						
					

					
							
							7

						
							
							7.97±2.05

						
							
							8.20±1.09

						
							
							8.16±0.42

						
					

					
							
							8

						
							
							5.65±0.53b

						
							
							6.00±0.92b

						
							
							6.80±1.41ab

						
					

					
							
							9

						
							
							6.90±0.99b

						
							
							6.50±0.78b

						
							
							7.80±0.80ab

						
					

					
							
							10

						
							
							6.31±0.93

						
							
							5.59±0.95

						
							
							6.34±1.40

						
					

					
							
							11

						
							
							5.01±1.64c

						
							
							5.61±1.17b

						
							
							6.39±0.86ab

						
					

					
							
							12

						
							
							5.43±0.78c

						
							
							7.77±0.70ab

						
							
							5.47±0.75c

						
					

				
			

			

			Means with different superscripts (a,b,c) within rows indicate a statistical significance at p<0.05.

			 

			Table 2: Means (S.E) of IgG concentration (ug/ml) of the inoculated group throughout the study period

			
				
					
					
					
					
				
				
					
							Experimental groups
					

					
							Weeks
							Negative control
							Mycolic acid
							C. pseudotuberculosis
					

					
							
							0

						
							
							7.54±0.18

						
							
							7.51±0.73

						
							
							8.37±0.42

						
					

					
							
							1

						
							
							8.16±0.85c

						
							
							14.72±2.37ab

						
							
							12.16±2.05b

						
					

					
							
							2

						
							
							8.16±0.66c

						
							
							17.20±2.85b

						
							
							19.93±4.57a

						
					

					
							
							3

						
							
							10.99±0.57c

						
							
							20.91±3.20b

						
							
							26.69±9.50a

						
					

					
							
							4

						
							
							8.54±0.94c

						
							
							22.70±2.82a

						
							
							19.66±2.59b

						
					

					
							
							5

						
							
							11.99±1.54c

						
							
							21.13±1.95ab

						
							
							20.29±5.12ab

						
					

					
							
							6

						
							
							14.06±1.09c

						
							
							25.84±6.13ab

						
							
							27.43±4.71a

						
					

					
							
							7

						
							
							11.79±1.20c

						
							
							21.31±6.32a

						
							
							19.51±8.47ab

						
					

					
							
							8

						
							
							9.04±1.54c

						
							
							19.09±4.44b

						
							
							29.76±5.19a

						
					

					
							
							9

						
							
							11.67±1.93c

						
							
							28.41±1.27b

						
							
							32.82±8.56a

						
					

					
							
							10

						
							
							12.14±2.26c

						
							
							26.94±2.93b

						
							
							31.17±9.03a

						
					

					
							
							11

						
							
							6.64±0.34c

						
							
							17.39±5.59b

						
							
							19.82±3.70ab

						
					

					
							
							12

						
							
							7.41±0.21c

						
							
							17.32±5.07b

						
							
							18.96±4.30ab

						
					

				
			

			

			Means with different superscripts (a,b,c) within rows indicate a statistical significance at p<0.05.

			 

			Immunoglobulin G (IgG)

			Table 2 is a representation of IgG mean concentration of the experimental groups. The concentration of IgG in C. pseudotuberculosis and MAs groups significantly increased (p<0.05) after all treatments and persisted till week 12 post-inoculation. The concentration of IgG steadily increases in C. pseudotuberculosis and MAs treated groups reaching peak concentration at week 9 (32.82±8.56 ng/ml) in C. pseudotuberculosis group and (28.41±1.27 ng/ml) in MAs group, then declines slowly till week 12. 

			 

			 

			 

			Discussion

			 

			The causative agent of caseous lymphadenitis is C. pseudotuberculosis. The disease is a source of considerable economic hardship among small ruminant farmers. Despite the economic and public health importance of this disease, information on its pathogenesis and an immune response is still lacking in addition to unavailability of a satisfactory specific treatment regime (Dorella et al., 2009; Jesse et al., 2013b). This present study evaluated the involvement and magnitude of the humoral immune responses following challenge with C. pseudotuberculosis and MAs in female goats. This study provided primary data, which is an attempt to study the stimulatory effects of C. pseudotuberculosis and MAs induction on the humoral immune response as well as the determination of its impact on the antibodies in infected goats.

			 

			The result of the current study indicates that IgM titre in goats challenged with C. pseudotuberculosis and MAs group was considerable showing significant responses. Significant changes with respect to the antibody titre were observed on day 7 post-MAs inoculation, but the highest level was recorded on day 15 and beyond post challenged. This is in contrast with other studies where high concentration of IgM was observed at the early phase of the experiment. Nonetheless, the disparity observed from the result of this study may be attributed to the virulence of the bacteria used as demonstrated by the humoral response induced by the antigen specific IgM antibodies which renders protection against the intracellular bacterial infections including Mycobacterium tuberculosis and Nocardia brasiliensis (González et al., 2008). Worthy if note is the fact that the organisms are both intracellular pathogens with similar features to C. pseudotuberculosis, which happens to be another member of the same family. Although MAs can stimulate the secretion of IgM, their activity is not reflective of the specific immune response following tuberculosis infection as typified by the low affinity of the IgM and the cross-reactivity in addition to its pentameric structure.

			 

			The Corynebacterium pyogenes antigen induced a robust immunological response observed from day 7 to day 21 post-immunization. The result of our study also indicated that goats with high IgM titres are likely to have less risk of developing CLA abscesses compared to animals with low IgM levels. Several studies on IgM antibody levels following C. pseudotuberculosis infection has been reported. However, our observation agrees with earlier studies that demonstrate the protective effect of the humoral antigen-specific IgM response in preventing the progression of CLA in sheep (Bastos et al., 2013).

			 

			These results are in conformity with studies that experimentally infected small ruminants, indicating that a transient IgM level was seen a few days post-infection with C. pseudotuberculosis (Bastos et al., 2013). The MAs also showed significant increase in IgM in week 1, 2 and 3. This study positioned that MAs alone has less capability to stimulate IgM production as like C. pseudotuberculosis. Furthermore, the significant effect of C. pseudotuberculosis on IgM may be due to the bacterium itself and its virulent factors, including MAs and PLD. 

			 

			Goats in C. pseudotuberculosis group had a significant mark in the rise of IgM when compared with goats in MAs group, which had an elevated level. Objectively, this is an indication that activated whole-cell C. pseudotuberculosis antigen was immunogenic. The present finding is in harmony with previous studies where CLA infection was characterized by an early immune (IgM) response (Bastos et al., 2012).

			 

			Antibody-mediated immunity is the main body defence against extracellular pyogenic (pus-forming) organisms. Commonly, antibodies are secreted after the stimulation of B lymphocyte. The antigen-binding receptor on a B lymphocyte is an immunoglobulin (IgG). Following the stimulation of the B lymphocytes, the B cell proliferates and differentiates in to plasma cell which the releases specific memory B cells that permits the immune system to respond rapidly in event a similar antigen is encountered in the future (secondary response).

			 

			Generally, IgG antibody was more sensitive according to Julián et al. (2002) after their comparative studies of IgG, IgM, and IgA antibody responses based on four trehalose-containing glycolipids, obtained from patients infected with Mycobacterium tuberculosis (Julián et al., 2002). 

			 

			The IgG levels of goats in C. pseudotuberculosis and MAs inoculated groups was significantly increased in the early phase. The peak of IgG titre was seen day 14 post-inoculation in both C. pseudotuberculosis and MAs groups which then gradually declines toward the end of the study. On the other hand, antibody response to C. pseudotuberculosis and MAs treated groups was high when compared to the control. 

			 

			Therefore, the results of the current experimental study extrapolate that there is a great possibility of rapid response to C. pseudotuberculosis whole-cell antigen in the early phase of the experiment. Our findings have been concurring with previous studies that assessed humoral response to CLA disease and attenuated strain T1 (Moura-Costa et al., 2008). This study also reported that the increased in the titres of IgG at the early stage of C. pseudotuberculosis and MAs inoculation. Moreover, it is also in harmony with the reports of Paule et al. (2003) who estimated the kinetics of IgG which were observed between days 11 and 21 post-inoculation with C. pseudotuberculosis (Paule et al., 2003). These results agree with Eckersall et al. (2007) reported a significantly high level of IgG post-inoculation with C. pseudotuberculosis in sheep.

			 

			Furthermore, the adjuvanted protein fraction of C. pseudotuberculosis has been demonstrated to show significant IgG based humoral immune response.  The experiment also reported that there was a significant increase in the humoral immune response after challenged. This is similar in the present study, where it demonstrated an increasing level of IgG production from day 14 to day 90 after immunization with a significant level of protection. 

			 

			Other studies indicated that antigen C. parvum at 1× 109 was immunogenic (Ghaffar & Sigel, 1978). However, antigen dose had been sought to not be an issue because as low as 56 mg of C. parvum significantly evoke both IgM and IgG response. The present findings also correlate with those mentioned above and can serve a base for the prevention of CLA. MAs demonstrates the potential to attract and activate the immune system during challenge following real exposure thereby leading to an elevated response (Goren, 1982; Bhatt et al., 2007).

			 

			The results of C. pseudotuberculosis and MAs treated groups where IgM and IgG levels showed double fold, and there is, therefore, every possibility that the challenge had a prolonged positive effect on the innate immune response during the acute phase period. 

			 

			Conclusion

			 

			Conclusively, the effect of C. pseudotuberculosis and MAs induced a considerable humoral immune response. Therefore, this study has shown that CLA resistance is proportional to the increased of IgM and IgG in the early acute phase responses of post challenged with C. pseudotuberculosis and MAs. Additional knowledge and a new understanding of immune responses towards C. pseudotuberculosis and its immunogen mycolic acid in goats were elucidated.

			 

			Acknowledgements

			 

			We gratefully acknowledge the efforts of Mr. Yap Keng Chee, Mohd Fahmi Mashuri, Mohd Jefri Norsidin, Latifah Mohd Hanan and Jamilah Mohd during this study. 

			 

			Funding information 

			 

			This work was funded by the Research University Grant Scheme UPM (Geran Putra IPS) and grant from Ministry of Higher Education Malaysia via Fundamental Research Grant Scheme (FRGS) fund (5524796).

			 

			conflict of interest

			 

			There is no conflict of interest.

			 

			novelty statement

			 

			This study elucidates the role of mycolic acids of  C. pseudotuberculoisis as a potential vaccine candidate for the control of caseous lymphadenitis among sheep and goat flocks.

			 

			Author’s Contributions 

			 

			The experimental study was conducted at the experimental unit of the Department of Veterinary Clinical Studies, University Putra Malaysia. FFJA, contributed to the conceived and planned the experiment. MNO and FNMN provided guidance during some aspect of laboratory experiments and result analysis, BG and ZMK contributed to sample preparation, KA, AM and WH contributed to the interpretation of the results.  MAML and MZS assisted in the development and editing of the manuscript. All authors provided critical feedback and helped shape the research, analysis, and manuscript.

			 

			References 

			 

			Abdullah F. F. J., Latif N. A. A., Chung E. L. T., Aimi S., Sarah M. Z. S., Haron A. W., Lila M. A. M., Zakaria Z., Norsidin M. J. (2015). Changes in the Reproductive Hormones of Non-Pregnant Does Infected Intradermally with Corynebacterium pseudotuberculosis in Chronic Form. Intl. J. Liv. Res. 5(7): 33-40. https://doi.org/10.5455/ijlr.20150622125157

			Abdullah F. F. J., Odhah M. N., Abba Y., Garba B., Mahmood Z., Hambali I. U., Haron A. W., Lila M.-A. M., Zamri-Saad M. (2019). Responses of female reproductive hormones and histopathology in the reproductive organs and associated lymph nodes of Boer does challenged with Corynebacterium pseudotuberculosis and its immunogenic corynomycolic acid extract. Microb. Pathog. 103852. https://doi.org/10.1016/j.micpath.2019.103852

			Alves FSF., Olander H. (1998). Use of a toxoid vaccine to control caseous lymphadenitis in goats. R. Bras. Med. Vet. 20(2): 74-77 

			Baird G.J., Fontaine M.C. (2007). Corynebacterium pseudotuberculosis and its role in ovine caseous lymphadenitis. J. Comp. Pathol. 137(4): 179-210. https://doi.org/10.1016/j.jcpa.2007.07.002

			Bastos B., Portela R., Dorella F., Ribeiro D., Seyffert N., Castro T., Miyoshi A., Oliveira S., Meyer R., Azevedo V. (2012). Corynebacterium pseudotuberculosis: immunological responses in animal models and zoonotic potential. J. Clin. Cell Immunol. S, 4: 005. 

			Bastos B. L., Loureiro D., Raynal J. T., Guedes M. T., Vale V. L., Moura-Costa L. F., Guimarães J. E., Azevedo V., Portela R. W., Meyer R. (2013). Association between haptoglobin and IgM levels and the clinical progression of caseous lymphadenitis in sheep. BMC Vet. Res., 9(1): 254. https://doi.org/10.1186/1746-6148-9-254

			Batey R. (1986). Pathogenesis of caseous lymphadenitis in sheep and goats. Aust. Vet. J. 63 (9): 269-272. https://doi.org/10.1111/j.1751-0813.1986.tb08064.x

			Bhatt A., Molle V., Besra G. S., Jacobs W. R., Kremer L. (2007). The Mycobacterium tuberculosis FAS‐II condensing enzymes: their role in mycolic acid biosynthesis, acid‐fastness, pathogenesis and in future drug development. Mol. Microb. 64(6): 1442-1454. https://doi.org/10.1111/j.1365-2958.2007.05761.x

			Brogden K., Engen R. (1990). Alterations in the phospholipid composition and morphology of ovine erythrocytes after intravenous inoculation of Corynebacterium pseudotuberculosis. Ame. J. Vet. Res. 51(6): 874-877.

			Daffe M., Etienne G. (1999). The capsule of Mycobacterium tuberculosis and its implications for pathogenicity. Tub. Lung Dis. 79(3): 153-169

			Dorella F.A., Pacheco L.G., Seyffert N., Portela R.W., Meyer R., Miyoshi A., Azevedo V. (2009). Antigens of Corynebacterium pseudotuberculosis and prospects for vaccine development. Exp. Rev. Vacci. 8(2): 205-213. https://doi.org/10.1586/14760584.8.2.205

			Eckersall P.D., Lawson F.P., Bence L., Waterston M.M., Lang T.L., Donachie W., Fontaine M.C. (2007). Acute phase protein response in an experimental model of ovine caseous lymphadenitis. BMC Vet. Res. 3(1): 35. https://doi.org/10.1186/1746-6148-3-35

			Eckersall P.D., Lawson F.P., Kyle C.E., Waterston M., Bence L., Stear M.J., Rhind S.M. (2008). Maternal undernutrition and the ovine acute phase response to vaccination. BMC Vet. Res. 4(1): 1. https://doi.org/10.1186/1746-6148-4-1

			Ellis J., Hawk D., Mills K., Pratt D. (1991). Antigen specificity and activity of ovine antibodies induced by immunization with Corynebacterium pseudotuberculosis culture filtrate. Vet. Immunol. Immunopath. 28 (3-4): 303-316. https://doi.org/10.1016/0165-2427(91)90122-S

			Faeza N., Jesse F., Hambali I., Odhah M., Umer M., Wessam M., Mohd-Azmi M., Wahid A. (2019a). Responses of testosterone hormone concentration, semen quality, and its related pro-inflammatory cytokines in bucks following Corynebacterium pseudotuberculosis and its mycolic acid infection. Trop. Anim. Hlth. Prod. 1-12. https://doi.org/10.1007/s11250-019-01878-2

			Faeza N., Jesse F., Hambali I., Yusuf A., Odhah M., Wessam M., Umer M., Asinamai A., Wahid A., Zamri M. (2019b). Clinico-pathological responses in reproductive system and its associated lymph nodes of bucks challenged with Corynebacterium pseudotuberculosis and its mycolic acid extract. Comp. Clin. Pathol. 1-12. https://doi.org/10.1007/s00580-019-02957-4

			Ghaffar A., Sigel M. (1978). Immunomodulation by Corynebacterium parvum. 1. Variable effects on anti-sheep erythrocyte antibody responses. Immunol. 35(5): 685.

			González F. H., Tecles F., Martínez-Subiela S., Tvarijonaviciute A., Soler L., Cerón J. J. (2008). Acute phase protein response in goats. J Vet. Diag. Invest. 20, 5, 580-584. https://doi.org/10.1177/104063870802000507

			Goren M. B. (1982). Immunoreactive substances of mycobacteria. Ame. Rev. Resp. Dis. 125 3P2: 50-69. 

			Jesse F., Naji O., Lila M., Saad M., Haron A., Hambali I., Mahmood Z. (2017). Pro-Inflammatory Cytokine (IL-1β and IL-6) Response in Goats Challenged with Corynebacterium pseudotuberculosis and its Immunogen Mycolic Acids. Am. J. Anim. Vet. Sci. 12(1): 26.31. https://doi.org/10.3844/ajavsp.2017.26.31

			Jesse F.F., Adamu L., Osman A.Y., Muhdi A.F.B., Haron A.W., Saharee AA., Saad M.Z.,  Omar A.R. (2013b). Polymerase Chain Reaction Detection of» C. pseudotuberculosis» in the Brain of Mice Following Oral Inoculation. Intl. J. Anim. Vet. Adv. 5(1): 29-33. https://doi.org/10.19026/ijava.5.5571

			Julián E., Matas L., Pérez A., Alcaide J., Lanéelle M.-A., Luquin M. (2002). Serodiagnosis of tuberculosis: comparison of immunoglobulin A (IgA) response to sulfolipid I with IgG and IgM responses to 2, 3-diacyltrehalose, 2, 3, 6-triacyltrehalose, and cord factor antigens. J. Clin. Microb. 40(10): 3782-3788. https://doi.org/10.1128/JCM.40.10.3782-3788.2002

			Korf J., Stoltz A., Verschoor J., De Baetselier P., Grooten J. (2005). The Mycobacterium tuberculosis cell wall component mycolic acid elicits pathogen‐associated host innate immune responses. Europ. J. Immunol. 35(3): 890-900. https://doi.org/10.1002/eji.200425332

			Lopez J., Wong F., Quesada J. (1966). Corynebacterium pseudotuberculosis. First case of human infection. Ame. J. Clin. Pathol. 46 (5): 562-567. https://doi.org/10.1093/ajcp/46.5.562

			Mahmood Z.K., Jin Z.-A. M., Jesse F.F., Saharee A. A., Sabri J., Yusoff R., Haron A.W. (2016). Relationship between the Corynebacterium pseudotuberculosis, phospholipase D inoculation and the fertility characteristics of crossbred Boer bucks. Liv. Sci. 191: 12-21. https://doi.org/10.1016/j.livsci.2016.06.015

			Maki L., Shen S., Bergstrom R., Stetzenbach L. (1985). Diagnosis of Corynebacterium pseudotuberculosis infections in sheep, using an enzyme-linked immunosorbent assay. Ame. J. Vet. Res. 46(1): 212-214. 

			McFarland J. (1907). The nephelometer: an instrument for estimating the number of bacteria in suspensions used for calculating the opsonic index and for vaccines. Journal of the Ame. Med. Assoc. 49(14): 1176-1178.

			McNeil M., Daffe M., Brennan P. (1991). Location of the mycolyl ester substituents in the cell walls of Mycobacteria. J. Biol. Chem. 266(20): 13217-13223.

			Mond J.J., Vos Q., Lees A., Snapper C.M. (1995). T cell independent antigens. Curr. Opin. Immunol. 7(3): 349-354 https://doi.org/10.1016/0952-7915(95)80109-X. 

			Moura-Costa L., Bahia R., Carminati R., Vale V., Paule B., Portela R., Freire S., Nascimento I., Schaer R., Barreto L. (2008). Evaluation of the humoral and cellular immune response to different antigens of Corynebacterium pseudotuberculosis in Canindé goats and their potential protection against caseous lymphadenitis. Vet. Immunol. Immunopath.126(1): 131-141. https://doi.org/10.1016/j.vetimm.2008.06.013

			Odhah M., Jesse F., Lawan A., Idris U., Marza A., Mahmood Z., Yusuf A., Arsalan M., Wahid A., Mohd-Azmi M. (2018). Responses of haptoglobin and serum amyloid A in goats inoculated intradermally with C. pseudotuberculosis and mycolic acid extract immunogen. Microb. Pathog. 117: 243-246. https://doi.org/10.1016/j.micpath.2018.02.038

			Odhah M.N., Abdullah F.F.J., Haron A.W., Lila M.A.M., Zamri-Saad M., Khuder Z., Hambali I.U., Umar M., Saleh W.M. (2017). Hemogram responses in goats toward challenged with Corynebacterium pseudotuberculosis and its immunogen mycolic acids. Vet. Wld. 10(6): 655. https://doi.org/10.14202/vetworld.2017.655-661

			Odhah M.N., Jesse F.F.A., Chung E.L.T., Mahmood Z., Haron A.W., Lila M.A.M., Zamri-Saad M. (2019). Clinico-pathological responses and PCR detection of Corynebacterium pseudotuberculosis and its immunogenic mycolic acid extract in the vital organs of goats. Microb. Pathog. 135: 103628. https://doi.org/10.1016/j.micpath.2019.103628

			Othman A., Jesse F., Adza-Rina M., Ilyasu Y., Zamri-Saad M., Wahid A., Saharee A.A., Mohd-Azmi M. (2014b). Responses of inflammatory cytokines in non-pregnant Boer does inoculated with Corynebacterium pseudotuberculosis via various routes. Res. Opin. Anim Vet. Sci. 4: 11. 

			Parodi P. (1999). Conjugated linoleic acid and other anticarcinogenic agents of bovine milk fat. J. Dairy Sci. 82(6): 1339-1349. https://doi.org/10.3168/jds.S0022-0302(99)75358-0

			Paule B.J.A., Azevedo V., Regis L.F., Carminati R., Bahia C., Vale V.L.C., Moura-Costa L., Freire S.M., Nascimento I., Schaer R. (2003). Experimental Corynebacterium pseudotuberculosis primary infection in goats: kinetics of IgG and interferon-γ production, IgG avidity and antigen recognition by Western blotting. Vet. Immunol. Immunopathol. 96(3): 129-139. https://doi.org/10.1016/S0165-2427(03)00146-6

			Pepin M., Seow H., Corner L., Rothel J., Hodgson A., Wood P. (1997). Cytokine gene expression in sheep following experimental infection with various strains of Corynebacterium pseudotuberculosis differing in virulence. Vet. Res. 28(2): 149-163. 

			Perkins S.L., Magdesian K.G., Thomas W.P., Spier S.J. (2004). Pericarditis and pleuritis caused by Corynebacterium pseudotuberculosis in a horse. J. Ame. Vet. Med. Assoc. 224(7): 1133-1138. https://doi.org/10.2460/javma.2004.224.1133

			Robbins J.B., Schneerson R., Szu S.C. (1995). Perspective: hypothesis: serum IgG antibody is sufficient to confer protection against infectious diseases by inactivating the inoculum. J. Infect. Dis. 171(6): 1387-1398.

			Saad M.Z., Abdullah J.F.F., Saharee A.A., Haron A.W., Shamsudin S. (2013). Clinical and pathological changes in goats inoculated Corynebacterium pseudotuberculosis by intradermal, intranasal and oral routes. Online J. Vet. Res. 17(2): 73-81. 

			Selim S., Ghoneim M., Mohamed K. (2010). Vaccinal efficacy of genetically inactivated phospholipase D against caseous lymphadenitis in small ruminants. Intl. J. Microb. Res. 1: 129-136. 

			Vos Q., Lees A., Wu Z. Q., Snapper C. M., Mond J. J. (2000). B-cell activation by T-cell-independent type 2 antigens as an integral part of the humoral immune response to pathogenic microorganisms. Immunol. Rev. 176: 154-170.

			 

			 

		

	OEBPS/image/785.png
OPEN 8 ACCESS Journal of Animal Health and Production

Short Communication

Gheck for
updates.

Immune Responses of Goats to Corynebacterium pseudotuberculosis

and its Mycolic Acids (IMAs) Extract

MoHaMMED Naji OpHAH"?, FAEZ FIRDAUS ABDULLAH JESSE!, BURA THLAMA PAUL*4, BASHIRU
Garsa®, Zaip Manmoon!, Eric Lim Trik CHUNGS, MouD Azmi MouD Lira’

!Department of Veterinary Clinical Studies, Faculty of Veterinary Medicine, University Putra Malaysia, 43400,

Serdang, Selangor, Malaysia; 2Department of Public Health, Faculty of Veterinary Medicine, Thamar University,

87246, Dhamar, Yemen; *Department of Animal Science and Fisheries, Faculty of Agriculture and Forestry Science,

Universiti Putra Malaysia Campus Bintulu Sarawak, Malaysia; *Veterinary Teaching Hospital, Faculty of
Veterinary Medicine, University of Maiduguri, 600230, Borno State, Nigeria; *Department of Veterinary Public
Health and Preventive Medicine, Faculty of Veterinary; Medicine, Usmanu Danfodiyo University, Sokoto, Nigeria;

Department of Animal Science, Faculty of Agriculture, Universiti Putra Malaysia, UPM, Serdang, Selangor,

Malaysia; "Department of Pathology and Microbiology, Faculty of Veterinary Medicine, University Putra Malaysia
43400, Serdang, Selangor, Malaysia.

Abstract | Corynebacterium pseudotuberculosis is the causative agent of caseous lymphadenitis in small ruminants and is
of considerable economic importance in many countries worldwide. The control of the disease in animals depends on
the control of the disease in infected animals. Nevertheless, few countries where the disease was previously endemic
have successfully eradicated the pathogen. This investigation was undertaken to determine the antibody titre (IgM
and IgG) in does challenged with C. pseudotuberculosis and its Mycolic acids (MAs) immunogen extract. About 12
healthy crossbred female Boer goats were assigned into three groups (A, B and C), each comprising of 4 goats. Group
A (Negative control group) was inoculated intradermally with 2 ml of sterile phosphate-buffered saline (PBS-pH 7);
Group B (Mycolic acid group) was inoculated intradermally with 2 ml of immunogenic Mycolic acid extract (1g /ml);
while group C (Positive control group) was inoculated intradermally with 2 ml of 10° colony-forming unit of live C.
pseudotuberculosis. All the animals were observed for 90 days post-inoculation. Blood samples were collected via the
jugular vein from all the groups before the inoculation and once weekly after the challenge until the end of the research
period. The result of the study showed that the Immunoglobulin M (IgM) concentration in goats inoculated with C.
psendotuberculosis significantly (p<0.05) increased at week 2 (18.97:0.28 ng/ml), week 3 (33.97£0.59 ng/ml), week 4
(31.94£0.28 ng/ml) and week 5 (12.51+2.42). Whereas, in the mycolic acid group, the IgG antibody titre increased
consistently from week 1 to week 3 (20.991.96 ng/ml; 15.52+3.78 ng/ml; 14.7420.34 ng/ml) respectively. On the
other hand, the Immunoglobulin G (IgG) concentration was found to significantly increase (p<0.05) after treatments
and the increase persisted up till week 11 post-inoculation. The concentration of IgG steadily increased in C. pseudotu-
berculosis and MAs-treated groups, reaching the peak at week 9 (32.82+8.56 ng/ml) in C. pseudotuberculosis group and
week 10 (28.41£1.27 ng/ml) in MAs group, then declined slowly from week 10 till week 12. In conclusion, there was
an elevated level in the IgM and IgG antibodies post-infection with C. pseudotuberculosis and M As. However, while
the IgG antibody levels started declining at week 9 for C. pseudotuberculosis, the MAs group was sustained until week
ten before reducing. Therefore, MAs can be used as an immunogen to control caseous lymphadenitis infection caused
by C. pseudotuberculosis among small ruminants.

Keywords | C. pseudotuberculosis; Mycolic acid; Caseous Lymphadenitis (CLA); Antibodies IgM and IgG; Immune

responses; Goats
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