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			Abstract | Contagious caprine pleuropneumonia, caused by Mycoplasma capricolum capripneumoniae (Mccp), is a highly contagious disease of goats usually with a high morbidity and mortality in naïve goats and a major threat to food security. Twenty four goats were used to investigate the influence of nematode infection on immunopathological responses to live Mccp antigens. Twelve goats in two groups of six (Group E1 without and E2with detectable helminthes), were inoculated intratracheally with Mccp organisms. The remaining 12 goats, six in each group, (F1 without and F2 with detectable helminthes) were used for contact transmission investigation. Clinical observations and records were done daily at 8.30 AM, blood for sera analysis was collected weekly, while pathological data was collected at postmortem. Analysis of variance and Tukey Honest Significant Difference, a post hoc test, were performed using R statistical packages (Rx64 3.2.4 revised). The results showed that red and gray lung consolidations were significantly different statistically (p< 0.05) thus corresponding to the observed clinical signs, fibrin deposition along with pleural effusions in nematode infected groups.  There was a high morbidity in group E2 (4/6) compared to E1 (1/6) that necessitated euthanasia for welfare reasons. Fibrous adhesion, a sign of chronic disease was more pronounced in none helminthes infected groups though not statistically significant (p> 0.05). Evidence from this study indicates that worm infection impacts negatively on immune response to microbial infection and the resultant pathological picture. Thus we recommend that deworming exercise should be carried out, where feasible, prior to planned vaccination campaigns.
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			Introduction

			 

			Contagious Caprine Pleuropneumonia (CCPP) caused by Mycoplasma capricolum subsp. capripneumoniae (Mccp) listed as notifiable by the Office International des Epizootics (OIE, 2017), is a highly contagious disease, usually with a morbidity and mortality of up to 100% and 80% respectively in naive goats or none vaccinated, dyspnoea, cough on exertion, mucopurulent nasal discharge, fibrinous pleuropneumonia (OIE, 2017; MacVey et al., 2013). The disease has been reported in nearly40 countries of Africa, Asia and Eastern Europe though the etiological agent has been isolated in about 20 countries (Nicholas and Churchward, 2012; Centikaya et al., 2009; Ozdemir et al., 2005). Outbreaks have been reported in Saudi Arabia (El-Deeb et al., 2017), Greece 2006, Iran 2006-2007, Ethiopia 2007, Oman in 2008-2009, Tajikistan in 2009, China in 2006 and Yemen (Nicholas and Churchward, 2012), Mauritius 2009 (Srivastara et al., 2010) Pakistan 2008 (Awan et al., 2010). Strict host-specificity of Mccp stands challenged by isolation of the organism from sheep (Centikaya et al., 2009) and wild ruminants’ samples (Nicholas et al., 2008, Arif et al., 2007).  Kipronoh et al. (2016) reported a high sero-prevalance of Mycoplasma capricolum among goats found in the regions along the international borders and game reserves teeming with wild small ruminants and these may act as disease reservoirs. 

			 

			Upon infection with Mccp, cells of the host’s innate immune system react to bacterial components such as modulins (Chambaud et al., 1999) by release of pro inflammatory cytokines, oxygen radicals, nitric oxide and interferon gamma which in turn can lead to shock and death. The toxic oxidant (peroxynitrite) accumulation and the hydrolytic enzymes produced by Mycoplasma also contribute to tissue damage (Darzi et al., 1998).

			 

			In order for Mycoplasma or any other pathogen to survive within its host tissues, evasion of the host immune system is of paramount importance and consequently they have devised diverse stratagem to circumvent host immune mechanisms (Citti et al., 2010; Sanchez-Vargas et al., 2008; Shlomo, 2003) and thus ensuring their survival.

			 

			Helminthes and Co-infection

			Helminthes are group of multi-cellular organisms of veterinary, medical and economic importance as they infect food and game animals and humans provoking either fatal or often chronic disease or poor growth (Dabasa et al., 2017, Moreau and Chauvin, 2010). 

			 

			Helminth infections induce regulatory T cells secreting IL-10 and transforming growth factor (TGF-β) (Doetze et al., 2000) as well as CD4+CD25+Treg expressing the Foxp3 transcription factor in the host (Cervi et al., 2009; Pacífico et al., 2009) that may  alter the course of inflammatory disorders (Correale and Farez, 2007). This scenario may also represent a potential explanation regarding how exposure to a parasite could alter immune reactivity to unrelated antigens. 

			 

			Helminthes secretory-excretory products have been reported to able to impair functions of antigen-presenting cells (Dondji et al., 2008); possesanti proliferative properties (Mylonas et al., 2000), suppress pro- inflammatory immune responses (Johnston et al., 2016), activate alternatively activated macrophages (AAMΦ) (Herbert et al., 2004).

			 

			Pathogens may interact with each other to modify transmission, virulence and resulting pathology (Maizels and McSorley, 2016). Previous work done in Senegal and Ethiopia, reported that a high prevalence of coinfection with helminthes was associated with the severity of malaria attacks, higher densities of malaria parasites and lower haemoglobin concentrations (Degarege et al.,2012; Le Hesran et al., 2004). However, there are contrasting reports of protection from acute malaria (Lyke et al., 2005), decreased severity of renal pathology and jaundice (Nacher, 2001) and diminished severity of cerebral malaria (Nacher, 2000). Helminth coinfection has been shown to alter the cytokine response to malarial antigens and extracts (Hartgers et al., 2009; Diallo, et al., 2010).

			 

			Helminthes also stimulate potent regulatory cell populations of the innate and adaptive systems that differ from the effects mediated by cytokines of the Th2 subset of helper T cells (McSorley and Maizels, 2012). In contrast, pathogenic micro-organisms typically trigger a type 1 immune response which results in elevation in IL-12, IL-23 and IFN gamma and IL-17 (Anthony et al., 2007).  Helminth excretory-secretory products can directly influence antigen presentation suppressing differentiation of Th1 and Th17 cells that are pro-inflammatory to support the development of the generally anti-inflammatory Th2 and T regulatory cells (Hewitson et al., 2009; Lightowlers and Rickard 1988; White and Artavanis-Tsakonas, 2012). Through immune modulation, infections can increase host susceptibility to other parasites (Abu-Raddad et al., 2006), enhance the intensity of other pathogens infections and increase disease duration.

			 

			Working with mice, O’Neill et al. (2001), showed that Fasciola hepatica inhibits the Th1-like response induced by Bordetella pertussis and similarly, Flynn et al. (2007) showed that Fasciola hepatica was able to change predictive value of the bovine tuberculosis diagnosis by modifying the immune response against Mycobacterium bovis.

			 

			MATERIALS AND METHODS

			 

			Study Design

			Twenty-four Mccp antigen naïve goats, aged between 9-12 months, were used for the study. The goats were housed in well ventilated pens at Veterinary Sciences Research Institute- Muguga North. They were randomly placed into four groups each comprising of six goats namely E1, E2, F1 and F2.Groups E1 and F1were dewormed with Albendazole (ValbazenRNorvatis) at 10mg/Kg body weight.  Groups E2 and F2 were not dewormed and were under observation for four weeks. 

			 

			GroupE1 consisting  of 6 goats without  detectable helminthes were inoculated  intratracheally with 30 ml of inoculum containing Mccp organisms passaged  to level 3, then 15 ml of agar followed by 10 ml of phosphate buffered  saline as described by Wesonga et al. (2004). Group E2 made up of 6 goats with worms was treated as group E1described above. Group F1withoutdetectable helminthes and Group F2with detectable worms were introduced to the inoculated goats  for contact transmission and to study the effect of helminthes on the clinical, antibody response and pathology to Mccp infection.

			 

			The course of infection was monitored through clinical examination for vital parameters recorded at 8.30-10.00 AM for 35 days. Weekly collection of blood for serology was done. Fever, severe clinical signs for 5 days or off-feed for 2 consecutive days respectively necessitated euthanasia of the experimental animals. 

			 

			Faecal Egg Counts

			Modified McMaster Technique (Zajac and Conboy, 2012) was used for faecal egg counts on faecal specimens collected directly from the rectum of the experimental goats.

			 

			Post Mortem

			Goats that were euthanized on ethical reasons or at the end of trial were carefully dissected and complete necropsy performed. Pleural fluid was collected in sterile falcon tubes, thoracic cavity examined in natural light and lung pathology assessed noting any fibrin depositions, consolidation and adhesions and lung samples being taken aseptically. The abomasums and the entire intestinal tract were taken out for worm recovery, count and identification.

			 

			Lesion Scoring

			Lesions were observed under natural light. Consolidation, adhesions and deposition were scored on a scale of 0-4 as follows: No lesion (0), Mild (1), moderate (2), severe (3) and extremely severe and death (4). The above scoring method was used in combination with the method used by Wesonga et al. (2004).

			 

			Blood for Complete Count Analysis and cELISA

			Blood samples were collected for complete cell count and investigated for serum late antibodies to M. capricolum capri pneumoniae antigen on experimental infection as described by Wesonga et al. (2004) using competitive ELISA (c-ELISA). 

			 

			Statistical Analysis

			R statistical package (Rx64 3.2.4 Revised) was used to perform data analyses. Analysis of variance (ANOVA) was performed to compare the differences among and between the groups means of antibody response to Mycoplasma bacterium antigen in goats with or without helminthes. Tukey honest significant difference (HSD) multiple comparisons of means giving 95% family-wise confidence level was performed on all sets of data to establish groups that differed from the others.

			 

			Ethical Statement

			This research was approved by the Institutional Animal Care and Use Committee of KARLO-Veterinary Science Research Institute, Muguga North upon compliance with all provisions vetted under and coded: KALRO-VSRI/ IACUC012/22092017.

			 

			RESULTS

			 

			After the initiation of the study, a total of 9/12 of tracheal inoculated goats showed clinical signs of fever. 3/6 intubates among the non- dewormed and 1/6 intubates among the dewormed together with 2/6 of contact transmission goats were euthanized due to severe clinical disease. 3/6 group F1 showed clinical signs of fever transiently. 1/6 group F2 contact transmission goat died. Upon termination of study the overall analysis of post mortal finding across showed 14/24 had severe lesions, 9/24 had mild lesions and 1/24 had normal lung texture.

			 

			The pathological findings included pleural effusions that were straw coloured and became gel-like when left standing in the open air.  Acute fibrinous pneumonia was also observed in some cases, some   with extensive red and grey hepatization, including overlying fibrinous pleuritis.  Serious cases showed severe pleural adhesions with unilateral or bilateral lung involvement.

			 

			Fibrous Adhesions

			3/6 of the intratracheally inoculated goats (group E1 without detectable worm infection) had fibrous adhesions 1/6 severe and given a score of 3 in a scale of 4 (Goat 18E1). All the six goats belonging to group E2 (intratracheally inoculated goats with detectable worm infection) had fibrous adhesions of varying severity, 3/6 with most extensive lesions where one of them was awarded a score of 4 (Goat 69 group E2 Figure 2).  The contact transmission groups, F1 (without worms) and F2 (with detectable worm infection), also had fibrous adhesion lesions of varying intensity ranging from 0-4.  One particular case, goat 63 from group F2 (Figure 3), had extensive lung fibrous adhesion to thoracic cavity, a sign of chronic disease and red hepatization a sign of acute disease process. This suggests that there was a relapse to acute phase of the disease.  

			 

			One-way analysis of fibrous adhesions group means yielded no statistically significant difference between the groups p-value = 0.7577.

			 

			Lung Consolidation

			More than 50% of the experimental goats’ had lung consolidations varying from red to grey hepatization. The lesion sizes also varied with the most extensive lesions observed in both inoculated and in contact goats with worms. The overall analysis of post mortal finding across showed 14/24 goats had severe lesions, 9/24 goats had mild lesions and 1/24with normal lung texture.  Consolidations were unilateral or bilateral with the diaphragmatic lobes more often affected. 

			 

			From one-way analysis of lung consolidation group means the p-value was equal to 0.0003056 which is less than 0.05. There was a significant difference between the groups with and without nematode infection. To establish which of the group differed from the others, a Post Hoc Test, Tukey HSD multiple comparisons of means giving 95% family-wise confidence level was performed and this revealed that the means of lung consolidations in groups E2-E1, E2-F1 and F2-E2 (p-values 0.0019574, 0.0043982 and 0.0003869 respectively) were statistically significantly different.

			 

			DISCUSSIONS

			 

			Fibrous Adhesion

			Fibrous adhesion was observed on post mortem across the groups with some having focal lesions while others had extensive lung fibrous adhesion to the thoracic cavity and unilateral lung collapse and this agreed with the works of Wesonga et al. (2004).  Generally, group E1 had lower scores of fibrous adhesion with respect to surface area. This group was intratracheally inoculated and had no detectable worm infection at the time of experimental infection. Figure 1 (goat 18 group E1) shows extensive left lung adherence to the thoracic rib cage. All the six goats belonging to group E2 (intratracheally inoculated goats with detectable worm infection) had fibrous adhesions of varying severity, 3 out of 6 had the most extensive lesions with one of them the awarded a score of 4.  The contact transmission groups, F1 (without worms) and F2 (with detectable worm infection), also had fibrous adhesion lesions of varying intensity ranging from 0-4.  One particular case, goat 63 from group F2 (Figure 3), had lung fibrous adhesion to thoracic cavity a sign of chronic disease and red hepatization a sign of acute disease process. The same scenario was also observed with goat 69 (Figure 2) belonging to group E2 in which the whole right lung had fibrous adhesion to the thoracic cavity with restricted function.  In spite of this, group F2 goats had less pathology with respect to fibrous adhesions compared with group F1. It appears that innate and adaptive immune response to Mycoplasma observed as fibrous adhesions was compromised in worm infected goats as evidenced by less adhesions. 

			 

			Despite the above post mortal  observation ,  a one-way analysis of fibrous adhesions group mean scores showed that there was no statistically significant difference between the  experimental groups (p-value = 0.7577) though clinical and pathology suggested slight individual and group differences.

			 

			Lung Consolidation

			Several of the experimental goats showed bilateral or unilateral lung consolidation that ranged from red to grey hepatization on post mortem. The lesions were confined to the thoracic cavity and these findings were in agreement with observations of previous studies on classical contagious caprine pleuro pneumonia (Wesonga et al., (2004), Arif et al., 2007, MacVey, et al., 2013). Host susceptibility to Mccp infection is determined by the vigour of the immune response. Too strong an inflammatory response induces production of free radicals leading to acute tissue damage and consolidation whereas an inadequate immune response allows for chronic disease development and widespread fibrous deposition. On post mortem, several goats (4 out of 6 from E2 inoculates with helminthes infection and 5 out of 12 contact transmission goats) showed grey and red areas of hepatization (consolidation) in their lungs,   in some cases pathological lesions were found affecting more than one lobe and animals showed marked pleuritis and pleural effusion depicting the adverse reaction to the infecting organism.  It was found out that majority of the goats with severe pathology (extensive gray and red hepatization (Figure 5 and Figure 7) with an accompanying fibrin deposition (Figure 4) and increased pleural fluids on post mortem belonged to group E2. Six goats had pleural effusion, the pleural fluid being thick and straw coloured, with two of the goats each giving a yield of more than 200 mls. The cut surface of some affected lungs (Refer to Figure 6) revealed a fine granular texture with grey hepatization. One-way analysis of lung consolidation group means showed a statistically significant difference in hepatization between the groups with and without nematode infection (p-value equal to 0.0003056). Even so, this finding called for further analysis to segregate inequality of scores between the groups.  Posthoc test, Tukey HSD multiple comparisons of means revealed that E2-E1, E2-F1 and F2-E2 (p-values 0.0019574, 0.0043982 and 0.0003869 respectively) were statistically significant. The clinical signs with pathological findings and statistical results for groups E2-E1 showed there was a negative impact of helminthes infection on host immune response. The finding also proved Koch’s postulate in that a similar pattern of clinical and pathological findings were reproduced after isolation of putative causal organism followed by experimental infection of the research goats.
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			Figure 1: Lung fibrous adhesion to thoracic cavity Goat18 E1
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			Figure 2: Fibrous adhesions on the thoracic cavity Goat 69 E2
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			Figure 3: Lung fibrous adhesion to thoracic cavity Goat 63 F2
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			Figure 4: Lung Fibrin deposits Consolidation Goat 42 E2

			 

			[image: 124353.png] 

			Figure 5: Fibrin deposits Consolidation, & pleural fluids G 42 E2

			[image: 124363.png] 

			Figure 6: Lung consolidation with  grainy cut lung surfaces G 44   E2

			 

			[image: 124375.png] 

			Figure 7: Lung consolidation G44 E2

			 

			CONCLUSIONS AND RECOMMENDATIONS

			 

			The above findings indicate that worm infection has a   negative influence on immune response to bacterial infection. The clinical signs showed that the disease was more severe in worm infected individuals in both tracheal inoculated and contact transmission goats. Antibody titres in response to live Mycoplasma antigens were lower in worm infected goats but none statistically significant though there was a significant pathology.

			 

			Fibrous adhesions, a sign of chronic disease was more pronounced in none helminthes infected group. These groups had more fibrous adhesions according to scoring method adopted and visual assessment of the lesion. Classical clinical and pathological findings in contagious caprine pleuro pneumonia such as fibrin deposition, pleural effusions, red and gray hepatization, were frequent in the helminthes infected groups with some worst episodes observed (p-value equal to 0.0003056). Mycoplasma infection in the presence of helminthes co-infection would lead to high mortality (p-values 0.0019574) and acute disease (4 out of 6 from group E2 goats). Conversely, helminthiasis control may compromise the capability of the host to tolerate microbial infections as evidenced more fibrous adhesions in chronic cases that were more prevalent in the none worm infected groups. Though resistance to those microbes may be enhanced, exacerbation of the associated harmful inflammation, read,hepatization, pleural effusions fibrin deposits and fibrous adhesion in the absence of parasitic worm-induced immunoregulatory networks, could potentially contribute to increased disease severity.  Given that the nature of antigen determines the category of immune response, the interplay between the effects of parasitic coinfection on host microbial resistance and forbearance will differ with the particular antigen involved and with the gravity of the metazoan or microbial infection. We therefore recommend that livestock be dewormed before vaccination is carried out.

			 

			Further studies are required to elucidate how helminthes intrinsically reprogram adaptive immune response cells, namely, antigen specific T and B cells reactive to microbial pathogens. Another point to be looked into is how Mycoplasma induces the severe pathology, read, consolidation observed in the lungs of some of the infected goats and which of the cells of innate and adaptive immune response are involved.

			 

			ACKNOWLEDGEMENTS

			 

			To the National Commission for Science and Innovation for the financial support they gave towards completion of this work. To the Director of Veterinary Sciences Research Institute (VSRI), Kenya Agricultural & Livestock Research Organization(KALRO), Muguga North for acceptance and space to work in the institution and to the personnel for their assistance.To Professor P. P. Semenye, NUFFIC-NICHE KEN 212 for the support the project accorded me towards completion of this study.

			 

			CONFLICT OF INTEREST

			 

			Authors declare that they have no conflict of interest.

			 

			AUTHORS CONTRIBUTION

			 

			Moses Ngeiywa: Parasitology, PhD  project supervisor and course work instructor.

			Donald Siamba: Parasitology, PhD  supervisor.

			Simion Mining:  Immunology, PhD  supervisor.

			Hezron Wesonga: Head of microbiology in Division Veterinary Sciences and Research Institute, KARLO gave guidance during isolation and culture of Mccp agent for experimental inoculation in goats.

			 

			REFERENCES

			 

			
					•	Abu-Raddad LJ, Patnaik P, Kublin J. G. (2006). Dual infection with HIV and malaria fuels the  spread of both diseases in Sub-Saharan Africa. 314:1603-1606.

					•	Anthony RM, Rutitzky LI (2007). National Rev. Immunol. 7(12) 975-987. https://doi.org/10.1038/nri2199

					•	Arif A, Schulz J, Thiaucourt F, Taha A, Hammer S (2007). Contagious caprine pleuro pneumonia outbreak in captive wild ungulates at Al-Wabra wildlife preservation, State of Qatar. J. Zoo Wildlife Med. 38(1)93-96. https://doi.org/10.1638/05-097.1

					•	Awan MA, Abbas F, Yasinzai M (2010). Mol. Biol. Reports. 37 (7) 3401-3406. https://doi.org/10.1007/s11033-009-9929-0

					•	Centikaya B, Kalin R, Karahan M, Atil E, Manso-Silva’n L, Thiaucort F (2009). Detection of Contagious caprine pleuro pneumonia in East Turkey. Rev. Sci. Tech. 28(3) 1037-1044.

					•	Cervi L, Serradell MC, Guasconi L, Masih DT (2009). New insights into the modulation of immune response by Fasciola hepatica excretory-secretory products. Current Immunol. Rev. 5(4): 277-284.	https://doi.org/10.2174/157339509789503961

					•	Chambaud I, Wroblewski H, Blanchard A (1999). Interactions between 	Mycoplasma lipoproteins and the host immune system. Trends Microbiol. 7(12): 493-499. https://doi.org/10.1016/S0966-842X(99)01641-8

					•	Citti C, Laurent-Xavier N, Baronowski E (2010). Phase and antigenic variation in mycoplasmas. Future Microbiol. 5(7).	https://doi.org/10.2217/fmb.10.71

					•	Correale JMD, Farez MMD (2007). Association between parasite infection and immune responses in multiple sclerosis. Annals Neurol. 61(2): 97-108. https://doi.org/10.1002/ana.21067

					•	Dabasa G, Shanko T, Zewdei W, Jilo K, Gurmesa G, Abdela N (2017). Prevalence of small ruminant gastrointestinal parasites infections and associated risk factors in selected districts of Bale zone, south eastern Ethiopia. J. Parasitol. Vector Biol. 9(6): 81-88.

					•	Darzi  MMN, Sood PP. Gupta, Banga HS (1998). The pathogenicity and pathogenesis of Mycoplasma capricolum subsp. Capri pneumoniae (F38) in the caprine mammary gland. Vet. Res. Comm. 22: 155-165 Kluwer Academic Publishers. https://doi.org/10.1023/A:1006017120500

					•	Degarege A, Legesse M, Medhin G, Animut A, Erko B (2012). Malaria and related outcomes in patients with intestinal helminthes: a cross-sectional study. BMC Infect. Dis. 12: 291. https://doi.org/10.1186/1471-2334-12-291

					•	Diallo TO (2010). Schistosomiasis coinfection in children influences acquired immune response against Plasmodium falciparum malaria antigens.  PLoS ONE.  5: e12764. https://doi.org/10.1371/journal.pone.0012764

					•	Dondji B, Bungiro RD, Harrison LM, Vermeire JJ, Bifulco C, McMahon-Pratt D,  Cappello M (2008). Role for nitric oxide in hookworm-associated immune suppression. Infect. Immun. 76(6): 2560-2567. https://doi.org/10.1128/IAI.00094-08

					•	El-Deeb W, Almujalli AA, Eljalii I, Elmoslemany A, Fayez M (2017). Contagious caprin pleuro pneumonia: The first isolation and molecular characterization of Mycoplasma capricolum capri pneumoniae in the Kingdom of Saudi Arabia. Acta Tropica.168: 74-74. https://doi.org/10.1016/j.actatropica.2017.01.017

					•	Flynn RJ, Mannion C, Golden O, Hacariz O, Mulcalh G (2007).“Experimental Fasciola hepatica infection alters responses to tests used for diagnosis of bovine tuberculosis”, Infect. Immun.. 75(3): 1373-1381. https://doi.org/10.1128/IAI.01445-06

					•	Dabasa G, Shanko T, Zewdei W, Jilo K, Gurmesa G, Abdela N (2017). Prevalence of small ruminants’ gastrointestinal parasite infection and associated risks in selected	districts of Bale Zone, south Eastern Ethiopia. J. Parasitol. Vector Biol. 9(6): 81-88.

					•	Doetze A, Satoguina J, Burchard G, Rau T, Loliger C, Fleischer B,  Hoerauf A (2000). Antigen-specific cellular hyporesponsiveness in a chronic human helminthes infection is mediated by Th3/Tr1-type cytokines IL-10 and transforming growth factor-beta but not by a Th1 to Th2 shift. Int. Immunol.12(5): 623-630, ISSN 0953-8178.  http://doi.org/ 10.1016/j.chom.2012.10.00

					•	Hartgers FC (2009). Responses to malarial antigens are altered in helminthes-infected children. J. Infect. Dis. 199: 1528–1535. https://doi.org/10.1086/598687

					•	Herbert DR, Holscher C, Mohrs M, Arendse B, Schwegmann A, Radwanska M, Leeto M, Kirsch R,  Hall P, Mossmann H, Claussen B, Forster I, Brombacher F (2004). Alternative macrophage activation is essential for survival during schistosomiasis and down modulates T helper I response and  immunopathology. Immunity. 20(5): 623-635. https://doi.org/10.1016/S1074-7613(04)00107-4

					•	Hewitson J P, Grainger JR, Maizels RM (2009). Helminth 	immunoregulation: The role of parasite secreted proteins in modulating host immunity. Mol. Biochem. Parasitol. 167 (1-9): 1–11. 	

					•	Johnston CJC, Smyth DJ, Dresser DW, Maizels RM (2016). TGF-β in tolerance, development and regulation of immunity. Cell Immunol. 299: 14–22. 	https://doi.org/10.1016/j.cellimm.2015.10.006

					•	Kipronoh AK, Ombui JN, Kiara HK, Binepal YS, Gitonga E, Wesonga HO (2016). Prevance of contagious caprine pleuropneumonia in pastoral flocks of goats in the Rift valley region of Kenya. Trop. Anim. Health  Prod. 48(1):151-155 https://doi.org/10.1007/s11250-015-0934-0.

					•	Le Hesran JY (2004). Severe malaria attack is associated with high prevalence of Ascaris lumbricoides infection among children in rural Senegal. Trans. R. Soc. Trop. Med. Hyg. 98: 397–399. https://doi.org/10.1016/j.trstmh.2003.10.009

					•	Lightowlers MW, Rickard MD (1988). Excretory-secretory products of helminthes parasites: effects on host immune responses. Parasitology. 96 Suppl: S123-66. https://doi.org/10.1017/S0031182000086017

					•	Lyke KE (2005). Association of Schistosoma haematobium infection with 	protection against acute Plasmodium falciparum malaria in Malian children. Am. J. Trop. Med. Hyg. 73: 1124–1130.

					•	MacVey DS, Kennedy M, Chengopa MM (2013). Vet. Microbiol. 3rd Ed. Willey-BlackWell.

					•	Maizels RM, McSorley HJ (2016). Regulation of the host immune system by helminthes parasites. J. Allerg. Clin. Immunol. 138(3): 666-675. 	https://doi.org/10.1016/j.jaci.2016.07.007

					•	Maizels RM, Hewitson J P, Smith KA (2012). Susceptibility and immunity to helminthes parasites. Curr. Opinion Immunol. 24(4): 459–466. 	https://doi.org/10.1016/j.coi.2012.06.003

					•	McNeilly TN, Nisbet AJ (2014). Immune modulation by helminthes parasites of  ruminants: implication for vaccine development and host immune competence. Parasite. https://doi.org/10.1051/parasite/2014051	

					•	McSorley HJ, Maizels RM (2012). Helminth Infections and Host Immune Regulation. Clin. Microbiol. Rev.  25(4): 585–608. https://doi.org/10.1128/CMR.05040-11

					•	Moreau E, A Chauvin (2010). Immunity against Helminthes: interactions with the Intercurrent Infections. J. Biomed. Biotechnol. https://doi.org/10.1155/2010/428593

					•	Mylonas KJ, Nair MG, Prieto-Lafuente L, Paape D, Allen JE (2009). Alternatively activated macrophages elicited by helminthes infection can be reprogrammed to enable microbial killing. J. Immunol. 182(5): 3084-3094. https://doi.org/10.4049/jimmunol.0803463

					•	Nacher M (2001). Helminth infections are associated with protection from malaria-related acute renal failure and jaundice in Thailand. Am. J. Trop. Med. Hyg. 65: 834–836. 	https://doi.org/10.4269/ajtmh.2001.65.834

					•	Nacher M (2000). Ascaris lumbricoides infection is associated with protection from cerebral malaria. Parasite Immunol. 22: 107–113. https://doi.org/10.1046/j.1365-3024.2000.00284.x

					•	Nicholas R, Ayling R, McAuliffe L (eds) (2008). Contagious caprine pleuropneumonia. Mycoplasm. Dis. Rumin. Pp. 116–129. Commonwealth Agricultural Bureaux International, Wallingford, UK. ISBN   9780851990125

					•	Nicholas R, C Churchward (2012). Contagious caprine pleuro pneumonia: New aspects of an old disease. Trans Bound. Emerg. Dis. 59 (3): 189-196. https://doi.org/10.1111/j.1865-1682.2011.01262.x

					•	O’Neill SM, Mills KHG, Dalton JP (2001). “Fasciola hepatica cathepsin L cysteine proteinase suppresses  Bordetella pertussis- Specific interferon–γ production in vivo. 23(10): 541-547.

					•	Office International des Epizootics (OIE, 2017).

					•	Ozdemir U, Ozdemir E, March JBC, Churchward RA, Nicholas (2005). Contagious caprine pleuro pneumonia in the Thrace region of Turkey. Vet. Rec. 156(9) 286-287. https://doi.org/10.1136/vr.156.9.286

					•	Pacífico LGG (2009). Schistosoma mansoni antigens modulate experimental allergic asthma in a murine model: a major role for CD4+ CD25+ Foxp3+ T cells independent of Interleukin-10. Infect. Immun. 77(1): 98-107.	https://doi.org/10.1128/IAI.00783-07

					•	Sanchez-Vargas FM, OG Gomez-Duarte (2008). Mycoplasma pneumonia- an emerging pulmonary pathogen. Clin. Microbiol. Infect. 14(2): 105-115. https://doi.org/10.1111/j.1469-0691.2007.01834.x

					•	Shlomo Rottem (2003). Interaction of Mycoplasma with host cells. Physiol. Rev. 83(2): 417-432. https://doi.org/10.1152/physrev.00030.2002

					•	Srivastava AK, Meenowa D, Barden G, Salguero FJ, Churchward C, Nicholas RAJ (2010). Contagious caprine pleuro pneumonia in Mauritius. Vet. Rec. 167: 304-305. https://doi.org/10.1136/vr.c3816

					•	Wesonga HO, Bolske G, Thiacourt F, Wanjohi C, Lindberg R (2004). Experimental contagious caprine pleuro pneumonia: A long term study on the course of infection and pathology in a flock of goats infected with Mycoplasma capricolum capri pneumoniae. Acta Vet. Scand. 45:165-179. https://doi.org/10.1186/1751-0147-45-167

					•	White RR, Artavanis-Tsakonas K (2012). How helminthes use excretory secretory  fractions to modulate dendritic cells. Virulence. 3(7): 668–677. https://doi.org/10.4161/viru.22832

					•	Zajac AZ, Conboy GA (2012). Vet. Clin. Parasitol. 8th Edition, 8-11.

			

			 

		

	OEBPS/image/124353.png





OEBPS/image/124375.png





OEBPS/image/775.png
Advances in Animal and Veterinary Sciences

@ grossMark

Influence of Worm Infection on Immunopathological Effect of
Mycoplasma Capricolum Capripneumoniae Pathogen in Goats

OPENBACCESS

Research Article

Noad MaritiM"’, Moses NGETYwA?, DoNALD S1amBa?, SimioN MiNING*, HEZRON WESONGA®

!Department of Animal Sciences, Pwani University Kenya; *Department of Biological Sciences, University of El-
doret, Kenya; *Department of Agriculture and Veterinary Sciences, Kibabii University, Kenya; *Department of im-
munology, Moi University, Kenya; 5Veterinary Sciences and Research Institute, KARLO Muguga North, Kenya.

Abstract | Contagious caprine pleuropneumonia, caused by Mycoplasma capricolum capripneumoniae (Mecp), is a highly
contagious disease of goats usually with a high morbidity and mortality in naive goats and a major threat to food security.
Twenty four goats were used to investigate the influence of nematode infection on immunopathological responses
to live Mecp antigens. Twelve goats in two groups of six (Group E1 without and E2with detectable helminthes),
were inoculated intratracheally with Mecp organisms. The remaining 12 goats, six in each group, (F1 without and
F2 with detectable helminthes) were used for contact transmission investigation. Clinical observations and records
were done daily at 8.30 AM, blood for sera analysis was collected weekly, while pathological data was collected at
postmortem. Analysis of variance and Tukey Honest Significant Difference, a post hoc test, were performed using R
statistical packages (Rx64 3.2.4 revised). The results showed that red and gray lung consolidations were significantly
different statistically (p< 0.05) thus corresponding to the observed clinical signs, fibrin deposition along with pleural
effusions in nematode infected groups. There was a high morbidity in group E2 (4/6) compared to E1 (1/6) that
necessitated euthanasia for welfare reasons. Fibrous adhesion, a sign of chronic disease was more pronounced in none
helminthes infected groups though not statistically significant (p> 0.05). Evidence from this study indicates that worm
infection impacts negatively on immune response to microbial infection and the resultant pathological picture. Thus
we recommend that deworming exercise should be carried out, where feasible, prior to planned vaccination campaigns.
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INTRODUCTION Churchward, 2012; Centikaya et al., 2009; Ozdemir et al.,
2005). Outbreaks have been reported in Saudi Arabia (EI-

ontagious Caprine Pleuropneumonia (CCPP) caused  Deeb et al., 2017), Greece 2006, Iran 2006-2007, Ethiopia

by Mycoplasma  capricolum subsp. capripneumoniae
(Mecp) listed as notifiable by the Office International des
Epizootics (OIE, 2017), is a highly contagious disease,
usually with a morbidity and mortality of up to 100% and
80% respectively in naive goats or none vaccinated, dysp-
noea, cough on exertion, mucopurulent nasal discharge,
fibrinous pleuropneumonia (OIE, 2017; MacVey et al.,
2013).The disease has been reported in nearly40 countries
of Africa, Asia and Eastern Europe though the etiological
agent has been isolated in about 20 countries (Nicholas and

2007, Oman in 2008-2009, Tajikistan in 2009, China in
2006 and Yemen (Nicholas and Churchward, 2012), Mau-
ritius 2009 (Srivastara et al., 2010) Pakistan 2008 (Awan
et al., 2010). Strict host-specificity of Mecp stands chal-
lenged by isolation of the organism from sheep (Centikaya
et al., 2009) and wild ruminants’ samples (Nicholas et al.,
2008, Arif et al., 2007). Kipronoh et al. (2016) reported
a high sero-prevalance of Mycoplasma capricolum among
goats found in the regions along the international borders
and game reserves teeming with wild small ruminants and
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