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Pneumonic mannheimiosis is a respiratory disease which has been considered a major 
constraint to the development of small ruminant production. This disease is 
characterized by acute febrile course with severe fibrinopurulent bronchopneumonia and 
septicaemia occurring with a higher prevalence in goats. The main causative agent is 
Mannheimia haemolytica serotype A2, which is the most frequent isolate from 
pneumonic lungs. It is a commensal of the nasopharynx and is an opportunist organism
that gains access to the lungs when the host is immunocompromised. To the best of our 
knowledge, the effects of climatic stress on the severity of pneumonia and changes in 
femalereproductive physiology due to M. haemolytica A2 infection have not yet been
reported. Therefore, this research has been designed to evaluate the effects of climatic
stress on the severity of pneumonia and reproductive physiology in experimental does 
challenged with M. haemolytica serotype A2 in the rainy and hot seasons.

A total of twenty-four female goats were divided equally for the rainy and hot season 
over the period of 60 days each. For each season, 12 goats were divided into three 
treatment groups i.e. negative control (group 1), non-vaccinated (group 2), and 
vaccinated (group 3). All goats were acclimatized and synchronized before 
experimental trials. At week 1, group 3 were immunized with a commercially 
available vaccine, while group 2 and group 1 were given phosphate buffer saline 
(PBS). Groups 2 and group 3 were intranasally challenged with M. haemolytica A2 
with 105 cfu/ml 14 days post-vaccination, whereas goats in group 1 were inoculated 
intranasally with PBS. Experimental animals were observed for clinical responses 
throughout the study period. Blood samples were collected weekly for the 
determination of immune responses (haptoglobin, serum amyloid A, interleukin-1β, 
interleukin-6, immunoglobulins-M, immunoglobulins-G, cortisol and heat shock 
protein-70), and reproductive hormones (progesterone, estrogen, follicle-stimulating 
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hormone, luteinizing hormone). At the end of the study period, all animals were 
euthanized for post mortem and histopathological examination. Environmental 
temperature and humidity were also recorded throughout the study. 
 
 
The present study revealed that the environmental temperature showed non-significant 
(p>0.05) difference between the rainy and hot season, while its relative humidity was 
significantly (p<0.05) higher during the rainy season compared the hot season. The 
findings of the present study demonstrated that the does inoculated with M. 
haemolytica A2 had significantly (p<0.05) increased rectal temperature, heart and 
respiratory rate after twenty-four hours post-challenge in group 2 compared to group 
1 and group 3 in both seasons. The mean weekly lung auscultation scores of group 2 
goats were significantly higher (p<0.05) in the rainy season compared to those in the 
hot season. A significant (p<0.05) decline in the body condition score was observed 
in group 2 goats in the rainy season compared to those in the hot season.  
 
 
The present study revealed a significant (p<0.05) increased concentrations of immune 
parameters in group 2 compared to group 1 and 3 in both seasons. The magnitude of 
interleukin-1β, cortisol and heat shock protein-70 were significantly (p<0.05) 
increased in group 2 in the rainy compared to that in the hot season. While, the acute 
phase proteins and interleukin-6 responses were similar within each group in both 
seasons. The IgM response significantly (p<0.05) increased post-vaccination in group 
3, which further increased significantly (p<0.05) post-challenge and remained higher 
until week 5, followed by significant (p<0.05) increase in IgG levels and remained 
increased throughout the study in both seasons. 
 
 
The present study revealed a significant (p<0.05) increase in progesterone 
concentrations of group 2 post-challenge. Besides, estrogen, follicle-stimulating 
hormone and luteinizing hormone concentrations significantly (p<0.05) decreased in 
group 2 compared to group 1 and group 3 in both seasons. The significant (p<0.05) 
histopathological changes were observed in group 2 compared to group 1 and 3 in both 
seasons; these changes were characterized by congestion, degeneration, and necrosis 
of epithelial cells with moderate to severe inflammatory cell infiltration in lungs, sub-
mandibular lymph nodes, reproductive organs (ovaries, uterus, cervix), anterior 
pituitary glands, mammary glands and supra-mammary lymph nodes. In conclusion, 
climatic stress has an effect on the severity of pneumonia; the intensity of infection 
due to M. haemolytica A2 is higher in the rainy season compared to the hot season. M. 
haemolytica A2 infection has an association with the reproductive physiology of does 
under tropical conditions. Furthermore, it is observed that vaccination provided 
defensive shelter against mannheimiosis. 
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JANGKITAN Mannheimia haemolytica 

Oleh 

ARSALAN MAQBOOL 

Jun 2020 

Pengerusi
Institut

: Profesor Faez Firdaus Jesse Abdullah, PhD 
: Pertanian Tropika dan Sekuriti Makanan 

Mannheimiosis pneumonik adalah penyakit respiratori yang dianggap penghalang 
utama perkembangan pengeluaran ruminan kecil. Penyakit ini ditandai dengan demam 
akut berterusan berserta bronkopneumonia fibrinopurulen (fibrinopurulent 
bronchopneumonia) dan septisemia yang teruk yang lebih kerap berlaku pada kambing.
Agen penyebab utama adalah Mannheimia haemolytica serotip A2, yang paling sering 
terasing daripada paru-paru pneumonik. Ia adalah komensal kepada nasofarinks dan 
merupakan organisma oportunis yang memasuki paru-paru ketika perumah 
mengalami kurang daya tahan (immunokompromi).  Mengikut pengetahuan kami, 
kesan tekanan iklim terhadap keterukan pneumonia dan perubahan fisiologi 
pembiakan haiwan betina akibat jangkitan M. haemolytica A2 belum lagi dilaporkan. 
Oleh itu kajian ini direka bentuk bagi menilai kesan tekanan iklim terhadap keterukan 
pneumonia dan fisiologi pembiakan yang diuji dengan M. haemolytica serotaip A2 
dalam musim hujan dan panas.

Sejumlah dua puluh empat ekor kambing betina dibahagikan sama rata setiap satu 
kumpulan untuk musim hujan dan musim panas bagi tempoh 60 hari.  Untuk setiap 
musim, 12 ekor kambing dibahagikan kepada tiga kumpulan rawatan iaitu kawalan 
negatif (Kumpulan 1), tidak diberi vaksin (Kumpulan 2) dan diberi vaksin (Kumpulan 
3).  Kesemua kambing telah disuaiiklim dan diselaras sebelum uji kaji percubaan 
dijalankan.  Pada minggu 1, kumpulan 3 diimunisasi dengan vaksin yang sedia 
diperolehi secara komersial, sementara kumpulan 2 dan kumpulan 1 diberi   garam 
tampan fosfat (phosphate buffer saline/PBS). Kumpulan 2 dan kumpulan 3 diuji secara 
intranasal dengan M. haemolytica A2 dengan 105 cfu / ml 14 hari selepas 
pemvaksinan, manakala kambing dalam kumpulan 1 diinokulasi secara intranasal 
dengan PBS. 
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Haiwan uji kaji ini diperhatikan untuk tindak balas klinikal sepanjang tempoh kajian. 
Sampel darah dikumpulkan setiap minggu untuk penentuan tindak balas imun 
(haptoglobin, serum amiloid A, interleukin-1β, interleukin-6, imunoglobulin-M, 
imunoglobulin-G, kortisol dan protein kejutan haba-70), dan hormon pembiakan 
(progesteron, estrogen, hormon perangsang folikel, hormon peluteinan). Pada akhir 
tempoh penyelidikan, semua haiwan telah dimatikan untuk bedah siasat dan 
pemeriksaan histopatologi. Suhu dan kelembapan persekitaran juga dicatatkan 
sepanjang kajian. 
 
 
Kajian ini mendedahkan bahawa suhu persekitaran menunjukkan perbezaan yang 
tidak signifikan (p> 0.05) antara musim hujan dan musim panas, dan kelembapan 
relatif lebih tinggi (p <0.05) semasa musim hujan berbanding musim panas. Penemuan 
kajian ini juga menunjukkan bahawa haiwan yang diinokulasi dengan M. haemolytica 
A2 telah menunjukkan peningkatan secara signifikan (p <0.05) suhu rektum, jantung 
dan kadar pernafasan selepas dua puluh empat jam pasca ujian bagi kumpulan 2 
berbanding kumpulan 1 dan kumpulan 3 dalam kedua-dua musim. Skor min auskultasi 
paru-paru mingguan kambing kumpulan 2 secara signifikan lebih tinggi (p <0.05) 
pada musim hujan berbanding dengan musim panas. Penurunan (p <0.05) skor 
keadaan badan yang ketara diperhatikan pada kambing kumpulan 2 semasa musim 
hujan berbanding dengan musim panas. 
 
 
Kajian ini menunjukkan peningkatan kepekatan parameter imun (p <0.05) yang 
signifikan pada kumpulan 2 berbanding kumpulan 1 dan 3 pada kedua-dua musim. 
Magnitud interleukin-1β, kortisol dan protein kejutan haba-70 meningkat secara 
signifikan (p <0.05) pada kumpulan 2 semasa musim hujan berbanding musim panas. 
Sementara itu, fasa protein akut dan tindak balas interleukin-6 adalah serupa dalam 
setiap kumpulan pada kedua-dua musim. Tindak balas IgM secara signifikan (p <0.05) 
meningkat pada pasca vaksinasi kumpulan 3, dan terus meningkat dengan ketara (p 
<0.05) dalam pasca ujian dan kekal lebih tinggi hingga minggu ke-5, diikuti dengan 
peningkatan secara signifikan (p <0.05) bagi tahap IgG dan kekal meningkat 
sepanjang kajian dalam kedua-dua musim. 
 
 
Kajian ini juga menunjukkan secara signifikan (p <0.05) peningkatan kepekatan 
progesteron kumpulan 2 dalam pasca ujian. Selain itu, estrogen, hormon perangsang 
folikel dan kepekatan hormon peluteinan menurun secara signifikan (p <0.05) pada 
kumpulan 2 berbanding kumpulan 1 dan kumpulan 3 dalam kedua-dua musim. 
Perubahan histopatologi yang ketara (p <0.05) diperhatikan pada kumpulan 2 
berbanding kumpulan 1 dan 3 pada kedua-dua musim. Perubahan ini ditandai dengan 
kesesakan, degenerasi dan nekrosis sel epitelial dengan tahap sederhana hingga teruk 
penyusupan keradangan sel ke dalam paru-paru, kelenjar limfa submandibular, organ 
pembiakan (ovari, uterus, serviks), kelenjar pituitari anterior, kelenjar mamari dan 
kelenjar limfa supra-mamari. Kesimpulannya, tekanan iklim mempunyai kesan 
terhadap keterukan pneumonia; intensiti jangkitan disebabkan M. haemolytica A2 
lebih tinggi pada musim hujan berbanding musim panas. Jangkitan M. haemolytica 
A2 mempunyai kaitan dengan fisiologi pembiakan dalam keadaan tropika. Tambahan 
pula, vaksinasi memberikan perlindungan pertahanan terhadap mannheimiosis. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Introduction 

Pneumonia recognized as a disease in the early 20th century (Jones, 1921; Hepburn, 
1925). The disease commonly prevails worldwide, especially in goats and has a 
disastrous economic impact (Oremeyi et al., 2013; Abdullah et al., 2015). Economic 
losses caused by pneumonia were reported worldwide at a colossal $3 billion annually 
(Watts and Sweeney, 2010). The incidence rate of pneumonia in ruminants differs 
from 10 to 40%, whereas mortality exceeds 20%; these percentages are higher in 
young ruminants (Rico et al., 2017). Furthermore, this disease is endemic, and it is 
responsible for 39% of the mortalities in the small ruminant industry in Malaysia 
(Chung et al., 2015).  

Among the etiological agent’s bacteria are the most important, frequently associated 
with respiratory diseases in ruminants are Mannheimia haemolytica, Pasteurella 
multocida, Mycoplasma bovis and Histophilus somni (Taylor et al., 2010; Griffin et 
al., 2010; Klima et al., 2014). M. haemolytica is the major cause of the respiratory 
problem in small ruminant globally (Rahal et al., 2014; Abdullah et al., 2015). This 
microorganism resembles Pasteurella haemolytica biogroup 1 which was renamed in 
1999 as Mannheimia, in acknowledgement to German microbiologist Walter 
Mannheim, who studied the taxonomy of the family Pasteurellaceae (Angen et al., 
1999).  In Malaysia, the leading causative agent for respiratory problem among small 
ruminants is M. haemolytica serotype A2 (Jasni et al., 1991; Zamri-Saad, 1991; Salisi 
et al., 2012). The bovines are the most particular carriers of M. haemolytica where 
molecular evidence shows that there is a certain quantity of horizontal transmission 
from animal to animal during a pneumonia epidemic (Timsit et al., 2013). M. 
haemolytica is a weak haemolytic, gram-negative, non-motile and coccobacillus-
shaped bacterium. M. haemolytica belongs to superkingdom bacteria; phylum 
Proteobacteria; class Gamma Proteobacteria; order Pasteurellales; family 
Pasteurellaceae and genus Mannheimia (Zecchinon et al., 2005; Subramaniam et al., 
2011; Shanthalingam et al., 2014). Institut The accurate diagnosis of M. haemolytica 
depends on bacteriological examinations, biochemistry, biotyping, and isolate 
serotyping (Kumar et al., 2015). 

Mannheimia and Pasteurella species (previously called P. haemolytica) are 
commensal residents of the upper respiratory tract of ruminants (Hailu et al., 2017); 
however, several researchers still consider that P. multocida is involved as well 
(Radostits et al., 2000; Sisay & Zerihun, 2003). The status of virulence factors in the 
pathogenicity of M. haemolytica has been reported by Marru et al., (2013), where the 
virulence factors are unswervingly involved in the alteration of the organism from 
commensal into a pathogenic entity, usually responsible for promoting adhesion, 
colonization, and proliferation of the organism in animal tissues (Wehausen et al., 
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2011). At least six components of M. haemolytica, have been identified as virulence 
factors. These include the capsule, outer membrane proteins, adhesins, neuraminidase, 
endotoxin lipopolysaccharide (LPS), and exotoxic leukotoxin (LktA); of these, Lkt is 
pivotal in the induction of pneumonia (Zamri-Saad & Mera, 2001; Finlay & 
McFadden, 2006). Lkt-mediated infiltration and destruction of neutrophils and other 
leukocytes impairs bacterial clearance and contributes to the development of fibrinous 
pneumonia (Dassanayake et al., 2007). LPS may act synergistically with Lkt, 
enhancing its effects and producing endotoxic activity (Jesse et al., 2019). 

Researchers demonstrated that M. haemolytica plays a significant role as a secondary 
pathogen in the final progression of severe pleuropneumonias and cannot act alone in 
the lack of a precise influencing factor (Zecchinon et al., 2005; Kawamoto et al., 2007; 
Hodgson et al., 2012). Its pathogenesis involves many predisposing agents such as 
viruses, bacteria, climate stress, weaning, dehorning and transportation, whereby it 
causes immunosuppression and contributing to the growth of pneumonic 
mannheimiosis in sheep and goats (Zecchinon et al., 2005; Taylor et al., 2010; 
Abdullah et al., 2015). These factors would ultimately damage the pulmonary 
protection capability mechanisms by initiating hazardous effects on the ciliated cells 
and mucous coating of the trachea, bronchi, and bronchioles (Kumar et al., 2015). M. 
haemolytica from the nasopharynx will then reach the ventral bronchi, bronchioles, 
and alveoli by gravitational drainage along the tracheal floor thereby penetrating into 
the lung tissue (Adamu, 2007), allowing M. haemolytica to colonize it, leading to 
broncho-alveolar pneumonia, acknowledged as febrile respiratory disease with 
fibrinopurulent bronchopneumonia, septicemia and pleurisy (Abdelsalam 2008; 
Alemneh & Tewodros, 2016). Young animals may die within few days after clinical 
manifestations of disease, and survivors may become persistently infected (Emikpe et 
al., 2010). In adult ruminants the distress usually appears within 10 to 14 days after 
exposure to stressful conditions; typically, onset has been reported earlier than that 
(Walkey et al., 2012). This infection is monitored by increased morbidity and 
mortality rate (Ackermann and Brogden, 2000; Shiferaw et al., 2006). 

Among the indicators to measure the severity of pneumonia, cortisol (Abdelsalam, 
2008) and HSP70 (Boehmer et al., 2011) has been reported as reputable; besides acute 
phase proteins, cytokines, antibodies titre has been described as essential indicators. 
However, there is no data on these parameters as well as reproductive hormones after 
infection of M. haemolytica serotype A2 via an intranasal route of inoculations in the 
real host goat. The hypothalamus plays a vital role to control the secretion of 
gonadotropins (Hafez & Hafez, 2013). For the first time Jesse et al., (2017) exposed 
the association between adenohypophyseal lesions, decreased hypothalamic 
production of GnRH, luteinizing hormone, follicle-stimulating hormone, estrogen and 
progesterone in buffalo heifers experimentally inoculated with P. multocida type B:2. 
No data/ study is available in female goats in terms of host cell responses and changes 
in reproductive physiology due to M. haemolytica infection.  
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Literature regarding the severity of pneumonia during different seasons is scarce; so 
far, two studies have reported discrepant results, where, Jasni et al., (1990) highlighted 
an increasing number of pneumonia cases during the rainy seasons. On the other hand, 
Albasha et al., (2018) reported a higher number of cases in goats during the dry 
seasons. However, it has been unclear that regardless of number of cases, which season 
increases the severity of pneumonia in goats. 

Therefore, this study has been proposed to address this research gap. 

1.2 Problem Statement   

Studies involving mannheimiosis in small ruminants have reported valuable 
information on the clinical signs, gross lesions and histopathological changes focusing 
on the respiratory system. However, knowledge of this disease regarding 
pathophysiological changes in the reproductive system are yet to be exposed. There is 
enormously low information related to the effects of M. haemolytica on the 
reproductive physiology of small ruminants during or at post-infection. Information 
on these will play a significant role in getting a better understanding and knowledge 
of the pathogenesis and severity of M. haemolytica infection in the study area. There 
is a dearth of information regarding the effects of climatic change on the severity of 
pneumonia in goats. The possible association with reproductive losses in goats due to 
M. haemolytica infection are lack; therefore, a proper understanding is imperative.  

1.3 Hypotheses 

It is hypothesized that after experimental infection with M. haemolytica serotype A2, 
there will be a host cell response in goats via the intranasal route. 

The climatic stress has an association with the severity of clinical responses in female 
goats experimentally infected with M. haemolytica A2. 

Climatic stress has an association with Acute Phase Protein (Hp, SAA), Antibodies 
(IgM, IgG), cytokines (IL-1β and IL-6), Serum cortisol and Heat Shock Protein-70 
concentrations in pneumonic female goats.  

Climatic stress has an association with the changes in the concentration of female 
reproductive hormones (FSH, LH, estrogen, progesterone) in does experimentally 
infected with M. haemolytica A2. 

Climatic stress has an association with microscopic changes in reproductive tissues of 
does experimentally infected with M. haemolytica A2.  



© C
OPYRIG

HT U
PM

 
4 

1.4 Objectives 

The primary aims of this research are determining the effects of climatic stress (rainy 
and hot season) regarding the severity of pneumonia infection in female goats; 
together with the host cell responses and changes in female reproductive physiology 
via experimental infection of M. haemolytica serotype A2. 

1- To evaluate the association of severity of clinical responses due to the effects 
of climatic stress (rainy and hot season) in female goats (vaccinated and non-
vaccinated) via experimental infection of M. haemolytica serotype A2. 

2- To determine the effect of climatic stress (rainy and hot season) on Acute 
Phase Protein (Hp and SAA), Antibodies (IgM and IgG), pro-inflammatory 
cytokines (IL-1β and IL-6), Cortisol, and Heat Shock Protein-70 
concentrations in experimentally inoculated female goats (vaccinated and 
non-vaccinated) with M. haemolytica serotype A2.  

3- To determine female reproductive hormones (FSH, LH, estrogen, 
progesterone) in pneumonic female goats (vaccinated and non-vaccinated) 
due to effects of climatic stress (rainy and hot season) via experimental 
infection of M. haemolytica serotype A2. 

4- To study the tissue changes (microscopically) in pneumonic female goats 
(vaccinated and non-vaccinated) due to the effects of climatic stress (rainy 
and hot season) via experimental infection of M. haemolytica serotype A2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

 
124 

9 REFERENCES 

Abdelsalam, E. B. (2008). A review on pneumonic pasteurellosis (respiratory 
mannheimiosis) with emphasis on pathogenesis, virulence mechanisms and 
predisposing factors. Bulgarian Journal of Veterinary Medicine, 11(3), 139- 
160.  

 
Abdullah, F. F. J., Adamu, L., Tijjani, A., Mohammed, K., Abba, Y., Sadiq, M. A., & 

Haron, A. W. (2014). Hormonal and histopathological alterations in pituitary 
glands and reproductive organs of male and female mice orally inoculated with 
Pasteurella multocida type B: 2 and its lipopolysaccharides. American Journal 
of Animal and Veterinary Sciences, 9(4), 200-212. 

 
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. (2015a). Changes in the 
reproductive hormones of non-pregnant does infected intradermally with 
Corynebacterium pseudotuberculosis in chronic form. International Journal of 
Livestock Research, 5(7), 33-40. 

 
Abdullah, F. F., Tijjani, A., Adamu, L., Teik Chung, E., Abba, Y., Mohammed, K., 

Saharee, A., Haron, A., Sadiq, M.A. & Mohd, A. M. L. (2015). Pneumonic 
pasteurellosis in a goat. Iranian Journal of Veterinary Medicine, 8(4), 293- 296. 

 
Abecia, J. A., Forcada, F., & González-Bulnes, A. (2012). Hormonal control of 

reproduction in small ruminants. Animal Reproduction Science, 130(3-4), 173- 
179. 

 
Abera, D., Sisay, T., & Birhanu, T. (2014). Isolation and identification of mannhemia 

and pasturella species from pneumonic and apparently healthy cattle and their 
antibiogram susceptibility pattern in bedelle district, Western Ethiopia. African 
Journal of Bacteriology Research, 6(5), 32-41. 

 
Abubakar, M. S., & Zamri  Saad, M. (2011). Clinico  pathological changes in 

buffalo calves following oral exposure to Pasteurella multocida B: 2. Basic and 
Applied Pathology, 4(4), 130-135. 

 
Ackermann, M. R., & Brogden, K. A. (2000). Response of the ruminant respiratory 

tract to mannheimia (pasteurella) haemolytica. Microbes and Infection, 2(9), 
1079-1088. 

 
Ackermann, M. R., Derscheid, R., & Roth, J. A. (2010). Innate immunology of bovine 

respiratory disease. Veterinary Clinics: Food Animal Practice, 26(2), 215-228. 
 
Adamu, J. Y. (2007). Mannheimia haemolytica: phylogeny and genetic analysis of its 

major virulence factors. Israel Journal of Veterinary Medicine, 62(1), 6. 
 
Agnew, L. L., & Colditz, I. G. (2008). Development of a method of measuring cellular 

stress in cattle and sheep.  Veterinary Immunology and Immunopathology, 



© C
OPYRIG

HT U
PM

 
125 

123(3-4), 197-204. 
 
Albasha, M. A., I.I., A.-S., & Jasni, S. (2018). Pathology of pneumonic pasteurellosis 

in goats in Kaletan at dry and wet seasons. International Journal of Scientific 
Research, 7(7). 

 
Alemneh, T., & Tewodros, A. (2016). Sheep and goats pasteurellosis: Isolation, 

identification, biochemical characterization and prevalence determination in 
Fogera Woreda, Ethiopia. Journal of Cell and Animal Biology, 10(4), 22-29. 

 
Alharbi, K. B. (2014). A control program for abscess disease of sheep. Journal of 

Agricultural and Veterinary Sciences, 267(1674), 1-8. 
 
Ali, O. S., Adamu, L., Abdullah, F. F. J., Abba, Y., Hamzah, H. B., Mohd-Azmi, M. 

L., Haron, A.W. and Zamri-Saad, M. (2015). Haematological and 
histopathological vicissitudes following oral inoculation of graded doses of 
pasteurella multocida type B:2 and its lipopolysaccharide in mice. Veterinary 
Science & Technology, 6(2), 1. 

 
Ali, O.S., Adamu, L., Abdullah, F.F.J., Ilyasu, Y., Abba, Y., Hamzah, H.B., Mohd- 

Azmi, M.L., Haron, A.W.B. and Saad, M.Z.B. (2015a). Alterations in 
interleukin-1β and interleukin-6 in mice inoculated through the oral routes using 
graded doses of pasteurella multocida type B: 2 and its lipopolysaccharide. 
American Journal of Animal and Veterinary Sciences, 10(1), 1. 

 
Angen, Ahrens, P., and Bisgaard, M. (2002). Phenotypic and genotypic 

characterization of mannheimia (pasteurella) haemolytica-like strains isolated 
from diseased animals in Denmark. Veterinary Microbiology, 84(1-2), 103- 114. 

 
Angen, Ahrens, P., Kuhnert, P., Christensen, H., & Mutters, R. (2003). Proposal of 

histophilus somni gen. nov., sp. Nov. for the three species incertae sedis 
‘haemophilus somnus’,‘haemophilus agni’ and ‘histophilus ovis’. International 
Journal of Systematic and  Evolutionary Microbiology, 53(5), 1449-1456. 

 
Angen, Mutters, R., Caugant, D. A., Olsen, J. E., & Bisgaard, M. (1999). Taxonomic 

relationships of the [pasteurella] haemolytica complex as evaluated by DNA-
DNA hybridizations and 16s rRNA sequencing with proposal of mannheimia 
haemolytica gen. nov., comb, nov., mannheimia granulomatis comb. nov., 
mannheimia glucosida sp. nov., mannheimia ruminalis sp. nov. and mannheimia 
varigena sp. nov. International Journal of Systematic and Evolutionary 
Microbiology, 49(1), 67-86. 

 
Angen, Thomsen, J., Larsen, L. E., Larsen, J., Kokotovic, B., Heegaard, P. M., & 

Enemark, J. M. (2009). Respiratory disease in calves: microbiological 
investigations on trans-tracheally aspirated bronchoalveolar fluid and acute 
phase protein response. Veterinary Microbiology, 137(1-2), 165-171. 

 
Annas, S., Zamri-Saad, M., Jesse, F. F. A., & Zunita, Z. (2014). New sites of 

localistaion of pasteurella multocida B: 2 in buffalo surviving experimental 



© C
OPYRIG

HT U
PM

 
126 

haemorrhagic septicaemia. BMC Veterinary Research, 10(1), 88. 
 
Archana, P.R., Aleena, J., Pragna, P., Vidya, M.K., Niyas, A.P.A., Bagath, M., 

Krishnan, G., Manimaran, A., Beena, V., Kurien, E.K. and Sejian, V., (2017). 
Role of heat shock proteins in livestock adaptation to heat stress. Journal of 
Dairy, Veterinary and Animal Research, 5(1), p.00127. 

 
Asare, D. A., Emikpe, B. O., Folitse, R. D., & Burimuah, V. (2016). Incidence and 

pattern of pneumonia in goats slaughtered at the kumasi abattoir, Ghana. African 
Journal of Biomedical Research, 19(1), 1-6. 

 
Asaye, M., Biyazen, H., & Bezie, M. (2015). Isolation and characterization of 

respiratory tract bacterial species from domestic animals with pneumonic lungs 
from elphora abattoir, Ethiopia. International Journal of Microbiol Research, 
6(1), 13-19. 

 
Atashpaz, S., Shayegh, J., & Hejazi, M. S. (2009). Rapid virulence typing of 

pasteurella multocida by multiplex PCR. Research in Veterinary Science, 87(3), 
355-357. 

 
Bahaman, A. R., Nurida, A. B., Sheikh-Omar, A. R., & Zamri-Saad, M. (1991). 

Biotypes and serotypes of pasteurella haemolytica and their importance in the 
production of vaccines for pneumonic pasteurellosis in sheep. Jurnal Veterinar 
Malaysia, 3, 33-35. 

 
Baird, D. T., Webb, R., Campbell, B. K., Harkness, L. M., & Gosden, R. G. (1999). 

Long-term ovarian function in sheep after ovariectomy and transplantation of 
autografts stored at −196 ºC. Endocrinology, 140(1), 462-471. 

 
Baird, G. J., & Fontaine, M. C. (2007). Corynebacterium pseudotuberculosis and its 

role in ovine caseous lymphadenitis.  Journal of Comparative Pathology, 137(4), 
179-210. 

 
Banerjee, D., Upadhyay, R.C., Chaudhary, U.B., Kumar, R., Singh, S., Mohanarao, J., 

Polley, S., Mukherjee, A., Das, T.K. and De, S. (2014). Seasonal variation in 
expression pattern of genes under HSP70. Cell Stress and Chaperones, 19(3), 
401-408.  

 
Banyer, J. L., Hamilton, N. H., Ramshaw, I. A., & Ramsay, A. J. (2000). Cytokines in 

innate and adaptive immunity. Reviews in Immunogenetics, 2(3), 359. 
 
Baylis, M., & Githeko, A. K. (2006). The effects of climate change on infectious 

diseases of animals. Report for the foresight project on detection of infectious 
diseases, Department of trade and industry, UK Government, 35. 

 
Beena, V., Pawaiya, R.V.S., Gururaj, K., Singh, D.D., Mishra, A.K., Gangwar, N.K., 

Gupta, V.K., Singh, R., Sharma, A.K., Karikalan, M. and Kumar, A., (2017). 
Molecular etiopathology of naturally occurring reproductive diseases in female 
goats. Veterinary World, 10(8), 964. 



© C
OPYRIG

HT U
PM

 
127 

Belhadj Slimen, I., Najar, T., Ghram, A., & Abdrrabba, M. (2016). Heat stress effects 
on livestock: molecular, cellular and metabolic aspects, a review. Journal of 
Animal Physiology and Animal Nutrition, 100(3), 401-412. 

 
Bergonier, D., & Berthelot, X. (2003). New advances in epizootiology and control of 

ewe mastitis. Livestock Production Science, 79(1), 1-16. 
 
Bernstein, A. S., & Myers, S. S. (2011). Climate change and children’s health. Current 

Opinion in Pediatrics, 23(2), 221-226. 
 
Black, P. (2009, September). World organization of animal health (OIE) perspectives 

on the impact of climate change on animal health. In DTU Workshop on Climate 
Changes and Food Safety and Animal Health. 3rd September. 

 
Blackall, P. J., Christensen, H., Beckenham, T., Blackall, L. L., & Bisgaard, M. 

(2005). Reclassification of pasteurella gallinarum, [haemophilus] 
paragallinarum, pasteurella avium and pasteurella volantium as avibacterium 
gallinarum gen. nov., comb. nov., avibacterium paragallinarum comb. nov., 
avibacterium avium comb. nov. and avibacterium volantium comb. nov. 
International Journal of Systematic and Evolutionary Microbiology, 55(1), 353-
362. 

 
Blood, D.C., Studdert, V.P., and Gay, C.C. (2011). Saunders Comprehensive 

Veterinary Dictionary 4th Edition. London:Saunders. 
 
Boehmer, J. L., DeGrasse, J. A., Lancaster, V. A., McFarland, M. A., Callahan, J. H., 

& Ward, J. L. (2011). Evaluation of protein expression in bovine 
bronchoalveolar fluid following challenge with Mannheimia haemolytica. 
Proteomics, 11(18), 3685-3697. 

 
Boukahil, I., & Czuprynski, C. J. (2016). Mannheimia haemolytica biofilm formation 

on bovine respiratory epithelial cells. Veterinary Microbiology, 197, 129-136. 
 
Brogden, K. A., Lehmkuhl, H. D., & Cutlip, R. C. (1998). Pasteurella haemolytica 

complicated respiratory infections in sheep and goats. Veterinary Research, 
29(3-4), 233-254. 

 
Broom, A. K., & Sneath, P. H. A. (1981). Numerical taxonomy of Haemophilus. 

Microbiology, 126(1), 123-149. 
 
Burton, A. B., Wagner, B., Erb, H. N., & Ainsworth, D. M. (2009). Serum interleukin 

6 (IL-6) and IL-10 concentrations in normal and septic neonatal foals. Veterinary 
Immunology and Immunopathology, 132(2-4), 122-128. 

 
Campbell, B. K., McNeilly, A. S., Picton, H. M., & Baird, D. T. (1990). The effect of 

a potent gonadotrophin-releasing hormone antagonist on ovarian secretion of 
oestradiol, inhibin and androstenedione and the concentration of LH and FSH 
during the follicular phase of the sheep oestrous cycle. Journal of 
Endocrinology, 126(3), 377-384. 



© C
OPYRIG

HT U
PM

 
128 

Ceciliani, F., Giordano, A., & Spagnolo, V. (2002). The systemic reaction during 
inflammation: the acute-phase proteins. Protein and Peptide Letters, 9(3), 211- 
223. 

 
Chakraborty, S., Kumar, A., Tiwari, R., Rahal, A., Malik, Y., Dhama, K., Pal, A. and 

Prasad, M., (2014). Advances in diagnosis of respiratory diseases of small 
ruminants. Veterinary Medicine International, 2014. 

 
Chaudhry, H., Zhou, J., Zhong, Y. I. N., Ali, M. M., McGuire, F., Nagarkatti, P. S., & 

Nagarkatti, M. (2013). Role of cytokines as a double-edged sword in sepsis. In 
Vivo, 27(6), 669-684. 

 
Chen, H. F., Chao, K. H., Chang, L. J., Ho, H. N., Yang, Y. S., & Shew, J. Y. (2000). 

Luteinizing hormone up  regulates the expression of interleukin  1β mRNA in 
human granulosa  luteal cells. American Journal of Reproductive Immunology, 
43(3), 125-133. 

 
Cheryk, L. A., Hooper-McGrevy, K. E., & Gentry, P. A. (1998). Alterations in bovine 

platelet function and acute phase proteins induced by pasteurella haemolytica 
A1. Canadian Journal of Veterinary Research, 62(1), 1.  

 
Choi, I. H., Shin, Y. M., Park, J. S., Lee, M. S., Han, E. H., Chai, O. H., Im, S.Y., Ha, 

T.Y. and Lee, H. K. (1998). Immunoglobulin E–dependent active fatal 
anaphylaxis in mast cell–deficient mice. The Journal of Experimental 
Medicine, 188(9), 1587-1592. 

 
Christensen, H., & Bisgaard, M. (2004a). Revised definition of actinobacillus sensu 

stricto isolated from animals: A review with special emphasis on diagnosis. 
Veterinary Microbiology, 99(1), 13-30. 

 
Christensen, H., Bisgaard, M., Aalbæk, B., & Olsen, J. E. (2004). Reclassification of 

bisgaard taxon 33, with proposal of volucribacter psittacicida gen. nov., sp. nov. 
and volucribacter amazonae sp. nov. as new members of the pasteurellaceae. 
International Journal of Systematic and Evolutionary Microbiology, 54(3), 813-
818. 

 
Christensen, H., Bisgaard, M., Bojesen, A. M., Mutters, R., & Olsen, J. E. (2003a). 

Genetic relationships among avian isolates classified as pasteurella haemolytica, 
‘actinobacillus salpingitidis’ or pasteurella anatis with proposal of 
gallibacterium anatis gen. nov., comb. nov. and description of additional 
genomospecies within gallibacterium gen. nov. International Journal of 
Systematic and Evolutionary Microbiology, 53(1), 275-287. 

 
Christensen, H., Bisgaard, M., Larsen, J., & Olsen, J. E. (2003). PCR-detection of 

hemophilus paragallinarum, hemophilus somnus, mannheimia (pasteurella) 
hemolytica, mannheimia spp., pasteurella trehalosi, and pasteurella multocida. 
In PCR Detection of Microbial Pathogens (pp. 257-274). Humana Press. 

 
 



© C
OPYRIG

HT U
PM

 
129 

Christoffersen, M., & Troedsson, M. H. (2017). Inflammation and fertility in the mare. 
Reproduction in Domestic Animals, 52(S3), 14-20. 

 
Chung, E. L. T., Abdullah, F. F. J., Abba, Y., Tijjani, A., Sadiq, M. A., Mohammed, 

K., Osman, A.Y., Adamu, L., Lila, M.A.M. & Haron, A. W. (2015). Clinical 
management of pneumonic pasteurellosisin boer kids: A case report. 
International Journal of Livestock Research, 5(4), 100-104. 

 
Chung, E. L. T., Abdullah, F. F. J., Ibrahim, H. H., Marza, A. D., Zamri-Saad, M., 

Haron, A. W., Lila, M.A.M & Norsidin, M. J. (2016). Clinico-pathology, 
hematology and biochemistry responses in buffaloes towards Pasteurella 
multocida type B: 2 immunogen lypopolysaccharide via oral and intravenous 
routes of infection. Microbial Pathogenesis, 91, 141-154. 

 
Chung, E.L.T., Abdullah, F.F.J., Marza, A.D., Saleh, W.M.M., Ibrahim, H.H., Abba, 

Y., Zamri-Saad, M., Haron, A.W., Saharee, A.A., Lila, M.A.M. and Norsidin, 
M.J. (2017). Clinico-pathology and hemato-biochemistry responses in buffaloes 
infected with pasteurella multocida type B: 2 immunogen outer membrane 
protein. Microbial Pathogenesis, 102, 89-101. 

 
Chung, E.L.T., Jesse, F.F.A., Marza, A.D., Ibrahim, H.H., Abba, Y., Zamri-Saad, M., 

Haron, A.W., Lila, M.A.M., Saharee, A.A., Omar, A.R. and Bakar, M.Z.A. 
(2019). Responses of pro-inflammatory cytokines, acute phase proteins and 
cytological analysis in serum and cerebrospinal fluid during haemorrhagic 
septicaemia infection in buffaloes. Tropical Animal Health and Production, 1- 
10. 

 
Clark, A. K., D’aquisto, F., Gentry, C., Marchand, F., McMahon, S. B., & Malcangio, 

M. (2006). Rapid co  release of interleukin 1β and caspase 1 in spinal cord 
inflammation. Journal of Neurochemistry, 99(3), 868-880. 

 
Clark, D. A. (2010). Anti-TNFα therapy in immune-mediated subfertility: State of the 

art. Journal of Reproductive Immunology, 85(1), 15-24. 
 
Clark, D. A., Ding, J. W., Chaouat, G., Coulam, C. B., August, C., & Levy, G. A. 

(1999). The emerging role of immunoregulation of fibrinogen related 
procoagulant Fgl2 in the success or spontaneous abortion of early pregnancy in 
mice and humans. American Journal of Reproductive Immunology, 42(1), 37-
43. 

 
Cohen, S., Janicki-Deverts, D., Doyle, W. J., Miller, G. E., Frank, E., Rabin, B. S., & 

Turner, R. B. (2012). Chronic stress, glucocorticoid receptor resistance, 
inflammation, and disease risk. Proceedings of the National Academy of 
Sciences, 109(16), 5995-5999. 

 
Contreras, M., Alberdi, P., Mateos-Hernández, L., Fernández de Mera, I. G., García- 

Pérez, A. L., Vancová, M., Villar, M., Ayllón, N., Cabezas-Cruz, A., Valdés, J. 
J., Stuen, S., Gortazar, C., and Fuente, J. D. L. (2017). Anaplasma 
phagocytophilum MSP4 and HSP70 proteins are involved in interactions with 



© C
OPYRIG

HT U
PM

 
130 

host cells during pathogen infection. Frontiers in Cellular and Infection 
Microbiology, 7, 307. 

 
Costeas, P. A., Koumouli, A., Giantsiou-Kyriakou, A., Papaloizou, A., & Koumas, L. 

(2004).  Th2/Th3 cytokine genotypes are associated with pregnancy loss. Human 
Immunology, 65(2), 135-141. 

 
Cozens, D., Sutherland, E., Lauder, M., Taylor, G., Berry, C. C., & Davies, R. L. 

(2017). Interactions of pathogenic and commensal strains of mannheimia 
haemolytica with differentiated bovine airway epithelial cells grown at an air- 
liquid interface. Bio Rxiv, 197947. 

 
Curry, F. R. E., & Adamson, R. H. (2010). Vascular permeability modulation at the 

cell, microvessel, or whole organ level: towards closing gaps in our 
knowledge. Cardiovascular Research, 87(2), 218-229. 

 
Czopowicz, M., Szaluś-Jordanow, O., Mickiewicz, M., Moroz, A., Witkowski, L., 

Markowska-Daniel, I., Stefaniak, T., Bagnicka, E. & Kaba, J. (2017). 
Haptoglobin and serum amyloid A in goats with clinical form of caprine 
arthritis-encephalitis. Small Ruminant Research, 156, 73-77. 

 
Czuprynski, C. J., Hamilton, H. L., & Noel, E. J. (1987). Ingestion and killing of 

pasteurella haemolytica A1 by bovine neutrophils in vitro. Veterinary 
Microbiology, 14(1), 61–74. 

 
Czuprynski, C.J., Leite, F., Sylte, M., Kuckleburg, C., Schultz, R., Inzana, T., Behling- 

Kelly, E. and Corbeil, L. (2004). Complexities of the pathogenesis of 
mannheimia haemolytica and haemophilus somnus infections: challenges and 
potential opportunities for prevention?. Animal Health Research Reviews, 5(2), 
277-282. 

 
Dangi, S. S., Gupta, M., Dangi, S. K., Chouhan, V. S., Maurya, V. P., Kumar, P., 

Singh, G. & Sarkar, M. (2015). Expression of HSPs: an adaptive mechanism 
during long-term heat stress in goats (Capra hircus). International Journal of 
Biometeorology, 59(8), 1095-1106. 

 
Dar, L.M., Darzi, M.M., Mir, M.S., Kamil, S.A., Rashid, A., Abdullah, S., Hussain, 

S.A., Rather, F.A. and Parihar, S. (2014). Histopathological and histoenzymatic 
studies on bronchopneumonia in sheep. Journal of Applied Animal Research, 
42(3), 289-296. 

 
Dardak, R. A. (2015). Transformation of agricultural sector in Malaysia through 

agricultural policy. Malaysian Agricultural Research and Development Institute 
(MARDI), Malaysia, 7. 

 
Dassanayake, R. P., Shanthalingam, S., Davis, W. C., & Srikumaran, S. (2007). 

Mannheimia haemolytica leukotoxin-induced cytolysis of ovine (Ovis aries) 
leukocytes is mediated by CD18, the β subunit of β2-integrins. Microbial 
Pathogenesis, 42(5-6), 167-173. 



© C
OPYRIG

HT U
PM

 
131 

Dassanayake, R. P., Shanthalingam, S., Liu, W., Casas, E., & Srikumaran, S. (2017). 
Differential susceptibility of bighorn sheep (Ovis canadensis) and domestic 
sheep (ovis aries) neutrophils to mannheimia haemolytica leukotoxin is not due 
to differential expression of cell surface CD18. Journal of Wildife Diseases, 
53(3), 625-629. 

 
Dassanayake, R.P., Shanthalingam, S., Herndon, C.N., Subramaniam, R., Lawrence, 

P.K., Bavananthasivam, J., Cassirer, E.F., Haldorson, G.J., Foreyt, W.J., 
Rurangirwa, F.R. & Knowles, D.P. (2010). Mycoplasma ovipneumoniae can 
predispose bighorn  sheep  to   fatal   mannheimia   haemolytica   pneumonia. 
Veterinary Microbiology, 145(3-4), 354-359. 

 
Dávila, F. S., del Bosque González, A. S., & Barragán, H. B. (2017). Reproduction in 

goats. In Goat Science. IntechOpen. 
 
De Alwis, M. C. (1999). Haemorrhagic septicaemia (No. 435-2016-33706). 
 
Deeb, B. J., Digiacomo, R. F., Bernard, B. L., & Silbernagel, S. M. (1990). Pasteurella 

multocida and Bordetella bronchiseptica infections in rabbits. Journal of 
Clinical Microbiology, 28(1), 70-75. 

 
Deni SM, Suhaila J, Wan Zin WZ, Jemain AA (2008). Tracing trends in the sequence 

of dry and wet days over Peninsular Malaysia. J Environ Sci Technol 1(3):97– 
110. 

 
Deni, S. M., Jemain, A. A., & Ibrahim, K. (2010a). The best probability models for 

dry and wet spells in Peninsular Malaysia during monsoon seasons. 
International Journal of Climatology, 30(8), 1194-1205. 

 
Deni, S. M., Suhaila, J., Zin, W. Z. W., & Jemain, A. A. (2010). Spatial trends of dry 

spells over Peninsular Malaysia during monsoon seasons. Theoretical and 
Applied Climatology, 99(3-4), 357. 

 
Deressa, A., Asfaw, Y., Lubke, B., Kyule, M. W., Tefera, G., & Zessin, K. H. (2010). 

Molecular detection of pasteurella multocida and mannheimia haemolytica in 
sheep respiratory infections in Ethiopia. The Journal of Applied Research in 
Veterinary Medicine, 8(2), 101. 

 
Dewhirst, F. E., Paster, B. J., Olsen, I. N. G. A. R., & Fraser, G. J. (1992). Phylogeny 

of 54 representative strains of species in the family pasteurellaceae as 
determined by comparison of 16S rRNA sequences.  Journal of Bacteriology, 
174(6), 2002-2013. 

 
Dias, J. C. O., Veloso, C. M., Santos, M. C. D. R., Oliveira, C. T. S. A. M., Silveira, 

C. O., Iglesias, E., & Sanglard, L. M. P. (2017). Seasonal variation in the 
reproductive activity of male goats raised under tropical climate  conditions. 
Revista Brasileira de Zootecnia, 46(3), 192-201. 

 
 



© C
OPYRIG

HT U
PM

 
132 

Dickerson, S. S., & Kemeny, M. E. (2004). Acute stressors and cortisol responses: a 
theoretical integration and synthesis of laboratory research. Psychological 
Bulletin, 130(3), 355. 

 
Dionissopoulos, L., Steele, M.A., AlZahal, O., Plaizier, J.C., Li, S., & McBride, B.W. 

(2011). Subacute ruminal acidosis (SARA) in dairy cows leads to increase in 
ruminal lipopolysaccharide (LPS), plasma LPS binding protein and correlates 
with the rumen epithelial interleukin-6 (IL-6) response. Canadian Journal of 
Animal Science, 91(3), 503-503. 

 
Dow, C. T. (2012). M. paratuberculosis heat shock protein 65 and human diseases: 

bridging infection and autoimmunity. Autoimmune Diseases, 2012. 
 
Duguma, A. (2016). Practical manual on veterinary clinical diagnostic approach. 

Journal of Veterinary Science and Technology, 7(337), 2. 
 
Eckersall, P. D., & Bell, R. (2010). Acute phase proteins: biomarkers of infection and 

inflammation in veterinary medicine. The Veterinary Journal, 185(1), 23-27. 
 
Eckersall, P. D., & Conner, J. G. (1988). Bovine and canine acute phase proteins. 

Veterinary Research Communications, 12(2-3), 169-178. 
 
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 Veterinary Research, 4(1), 1. 

 
Edwards, D. P. (2005). Regulation of signal transduction pathways by estrogen and 

progesterone. Annual Review of Physiology, 67, 335-376. 
 
El-Deeb, W. M., & Elmoslemany, A. M. (2016). The diagnostic accuracy of acute 

phase proteins and proinflammatory cytokines in sheep with pneumonic 
pasteurellosis. Peer-reviewed journal 4, e2161. 

 
Elzwayie, A., El-Shafie, A., Yaseen, Z. M., Afan, H. A., & Allawi, M. F. (2017). 

RBFNN-based model for heavy metal prediction for different climatic and 
pollution conditions. Neural Computing and Applications, 28(8), 1991-2003. 

 
Emikpe, B. O., & Akpavie, S. O. (2010). The pattern of distribution of pneumonic 

consolidation in experimental peste des petits ruminants virus (PPRV) and/or 
mannheimia haemolytica infection in west african dwarf goats. International 
Journal of Morphology, 28(2). 

 
Emikpe, B. O., Sabri, M. Y., Akpavie, S. O., & Zamri-Saad, M. (2010a). Experimental 

infection of peste des petit ruminant virus and mannheimia haemolytica A2 in 
goats: immunolocalisation of mannheimia haemolytica antigens. Veterinary 
Research Communications, 34(7), 569-578. 

 
Emikpe, B. O., Tanko, P. N., Onilude, O. M., & Sabri, M. Y. (2013a). The influence 

of dexamethasone treatment and successive road transport stress on the 



© C
OPYRIG

HT U
PM

 
133 

occurrence of caprine pneumonia in a hot humid tropical environment. 
Veterinary World, 6(8), 497. 

 
Emikpe, B. O., Tenuche, O., & Sabri, M. Y. (2013). Intranasal Inactivated 

Recombinant mannheimia haemolytica vaccine is not protective against 
naturally occurring pneumonia in nigerian goats. African Journal of Biomedical 
Research, 16(3), 185-191. 

 
Engering, A., Hogerwerf, L., & Slingenbergh, J. (2013). Pathogen–host–environment 

interplay and disease emergence. Emerging Microbes & Infections, 2(2), e5. 
 
Entrican, G., & Wheelhouse, N. M. (2006). Immunity in the female sheep reproductive 

tract. Veterinary Research, 37(3), 295-309. 
 
Faccio, L., Da Silva, A.S., Tonin, A.A., França, R.T., Gressler, L.T., Copetti, M.M., 

Oliveira, C.B., Sangoi, M.B., Moresco, R.N., Bottari, N.B. and Duarte, M.M. 
(2013). Serum levels of LH, FSH, estradiol and progesterone in female rats 
experimentally infected by Trypanosoma evansi.  Experimental Parasitology, 
135(1), 110-115. 

 
Faez, F., Nur, A., Chung, L., Siti, A. S., Mohd, Z. S., Abdul, W. H., Mohd, A., Zunita, 

Z. and Mohd, J. N. (2015). Changes in the reproductive hormones of non-
pregnant does infected intradermally with corynebacterium pseudotuberculosis 
in chronic form. International Journal of Livestock Research, 5(7), 33-40. 

 
Fahey, J. V., Schaefer, T. M., Channon, J. Y., & Wira, C. R. (2005). Secretion of 

cytokines and chemokines by polarized human epithelial cells from the female 
reproductive tract. Human Reproduction, 20(6), 1439-1446. 

 
Finlay, B. B., & McFadden, G. (2006). Anti-immunology: evasion of the host immune 

system by bacterial and viral pathogens. Cell, 124(4), 767-782. 
 
Fischer, C., Drillich, M., Odau, S., Heuwieser, W., Einspanier, R., & Gabler, C. 

(2010). Selected pro-inflammatory factor transcripts in bovine endometrial 
epithelial cells are regulated during the oestrous cycle and elevated in case of 
subclinical or clinical endometritis. Reproduction, Fertility and Development, 
22(5), 818-829. 

 
Forman, S., Hungerford, N., Yamakawa, M., Yanase, T., Tsai, H.J., Joo, Y.S., Yang, 

D.K. and Nha, J.J. (2008). Climate change impacts and risks for animal health 
in Asia. Scientific and Technical Review of the Office International des 
Epizooties (Paris), 27, 581-597. 

 
Foster, G., Ross, H. M., Malnick, H., Willems, A., Hutson, R. A., Reid, R. J., & 

Collins, M. D. (2000). Phocoenobacter uteri gen. nov., sp. nov., a new member 
of the family pasteurellaceae Pohl (1979) 1981 isolated from a harbour porpoise 
(Phocoena phocoena). International Journal of Systematic and Evolutionary 
Microbiology, 50(1), 135-139. 

 



© C
OPYRIG

HT U
PM

 
134 

Frandson, R. D., Wilke, W. L., & Fails, A. D. (2009). Anatomy and Physiology of 
Farm Animals. John Wiley & Sons. 

 
Fredriksson, G. (1984). Some reproductive and clinical aspects of endotoxins in cows 

with special emphasis on the role of prostaglandins. Acta Veterinaria 
Scandinavica, 25(3), 365-377. 

 
Fumuso, E., Giguere, S., Wade, J., Rogan, D., Videla-Dorna, I., & Bowden, R. A. 

(2003). Endometrial IL-1β, IL-6 and TNF-α, mRNA expression in mares 
resistant or susceptible to post-breeding endometritis: effects of estrous cycle, 
artificial insemination and immunomodulation. Veterinary Immunology and 
Immunopathology, 96(1-2), 31-41. 

 
Galapero, J., Fernández, S., Pérez, C. J., Calle-Alonso, F., Rey, J., & Gómez, L. 

(2016). Identifying risk factors for ovine respiratory processes by using bayesian 
networks. Small Ruminant Research, 136, 113-120. 

 
Ganheim, C., Hulten, C., Carlsson, U., Kindahl, H., Niskanen, R., & Waller, K. P. 

(2003).  The acute phase response in calves experimentally infected with bovine 
viral diarrhoea virus and/or mannheimia haemolytica. Zoonoses and Public 
Health, 50(4), 183-190. 

 
Gilmour, N. J. L., Angus, K. W., & Gilmour, J. S. (1991). Pasteurellosis. Diseases of 

Sheep, 3, 108-111. 
 
Goodwin-Ray, K. A., Stevenson, M. A., Heuer, C., & Cogger, N. (2008). Economic 

effect of pneumonia and pleurisy in lambs in New Zealand. New Zealand 
Veterinary Journal, 56(3), 107-114. 

 
Gottschall, P. E., Katsuura, G. O. R. O., Hoffmann, S. T., & Arimura, A. (1988). 

Interleukin 1: an inhibitor of luteinizing hormone receptor formation in cultured 
rat granulosa cells. The FASEB Journal (Bethesda, MD), 2(9), 2492-2496. 

 
Gougoulis, D. A., Kyriazakis, I., Tzora, A., Taitzoglou, I. A., Skoufos, J., & Fthenakis, 

G. C. (2008). Effects of lamb sucking on the bacterial flora of teat duct and 
mammary gland of ewes. Reproduction in Domestic Animals, 43(1), 22-26. 

 
Grant, K. S., & Wira, C. R. (2003). Effect of mouse uterine stromal cells on epithelial 

cell transepithelial resistance (TER) and TNFα and TGFβ release in culture. 
Biology of Reproduction, 69(3), 1091-1098. 

 
Griffin, D., Chengappa, M. M., Kuszak, J., & McVey, D. S. (2010). Bacterial 

pathogens of the bovine respiratory disease complex. Veterinary Clinics: Food 
Animal Practice, 26(2), 381-394. 

 
Grönlund, U., Hultén, C., Eckersall, P. D., Hogarth, C., & Waller, K. P. (2003). 

Haptoglobin and serum amyloid A in milk and serum during acute and chronic 
experimentally induced staphylococcus aureus mastitis. Journal of Dairy 
Research, 70(4), 379-386. 



© C
OPYRIG

HT U
PM

 
135 

Gruys, E., Toussaint, M. J. M., Niewold, T. A., & Koopmans, S. J. (2005). Acute 
phase reaction and acute phase proteins. Journal of Zhejiang University. Science. 
B, 6(11), 1045. 

 
Hafez, E. S. E., & Hafez, B. (Eds.). (2013). Reproduction in farm animals. John Wiley 

& Sons. 
 
Hailu, S. M., Kitila, D. B., Gemeda, A. E., & Tarekegn, M. (2017). Pasteurella 

organism: its isolation and identification from pneumonic lungs of goats in 
Ethiopia. Journal of Advanced Veterinary and Animal Research, 4(2), 147- 154. 

 
Hashim, F. A. H. (2015). Strategies to strengthen livestock industry in Malaysia. 

Malaysian Agricultural Research and Development Institute (MARDI), 1–6. 
 
Hawari, A. D., Hassawi, D. S., & Sweiss, M. (2008). Isolation and identification of 

mannheimia haemolytica and pasteurella multocida in sheep and goats using 
biochemical tests and random amplified polymorphic DNA (RAPD) analysis. 
Journal of Biological Sciences, 8(7), 1251-1254. 

 
Heegaard, P. M., Godson, D. L., Toussaint, M. J., Tjørnehøj, K., Larsen, L. E., Viuff, 

B., & Rønsholt, L. (2000). The acute phase response of haptoglobin and serum 
amyloid A (SAA) in cattle undergoing experimental infection with bovine 
respiratory syncytial virus. Veterinary Immunology and Immunopathology, 
77(1-2), 151-159. 

 
Heisler, G. M., & Brazel, A. J. (2010). The urban physical environment: temperature 

and urban heat islands. Urban Ecosystem Ecology, (urbanecosysteme), 29-56. 
 
Hepburn, W. (1925). A clinical survey of “Transit fever” in bovines. Veterinary 

Record, 5, 201- 208. 
 
Highlander, S. K. (2001). Molecular genetic analysis of virulence in mannheimia 

(pasteurella) haemolytica. Frontiers in Bioscience, 6(September), D1128-
D1150. 

 
Hodgson, J. C., Dagleish, M. P., Gibbard, L., Bayne, C. W., Finlayson, J., Moon, G. 

M., & Nath, M. (2013). Seven strains of mice as potential models of bovine 
pasteurellosis following intranasal challenge with a bovine pneumonic strain of 
pasteurella multocida A: 3; comparisons of disease and pathological outcomes. 
Research in Veterinary Science, 94(3), 634-640. 

 
Hodgson, P. D., Aich, P., Stookey, J., Popowych, Y., Potter, A., Babiuk, L., & Griebel, 

P. J. (2012). Stress significantly increases mortality following a secondary 
bacterial respiratory infection. Veterinary Research, 43(1), 21. 

 
Horadagoda, A., Eckersall, P. D., Hodgson, J. C., Gibbs, H. A., & Moon, G. M. (1994). 

Immediate responses in serum TNFα and acute phase protein concentrations to 
infection with pasteurella haemolytica A1 in calves. Research in Veterinary 
Science, 57(1), 129-132. 



© C
OPYRIG

HT U
PM

 
136 

Huang, H. (2006). The cytokine network during embryo implantation. Chang Gung 
Medical Journal, 29(1), 25. 

 
Hussain, R., Mahmood, F., Ali, H. M., & Siddique, A. B. (2017). Bacterial, PCR and 

clinico-pathological diagnosis of naturally occurring pneumonic pasturellosis 
(mannheimiosis) during subtropical climate in sheep. Microbial Pathogenesis, 
112, 176-181. 

 
Ibrahim, H.H., Abba, Y., Ahmed, I.M., Jesse, F.F.A., Chung, E.L.T., Marza, A.D., 

Zamri-Saad, M., Omar, A.R., Bakar, M.Z.A., Saharee, A.A. and Haron, A.W., 
(2016). Molecular detection and pathology of pasteurella multocida B:2 in the 
reproductive system of pre-pubertal buffalo calves (Bubalus bubalis). 
Comparative Clinical Pathology, 25(2), 319-326. 

 
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. (2018). Clinical and 
histopathological study on reproductive lesions caused by pasteurella multocida 
type B2 immunogens in buffalo heifers. Bulgarian Journal of Veterinary 
Medicine, 21(2). 

 
Idoate, I., Vander Ley, B., Schultz, L., & Heller, M. (2015). Acute phase proteins in 

naturally occurring respiratory disease of feedlot cattle. Veterinary Immunology 
and Immunopathology, 163(3-4), 221-226. 

 
Islam, R., Kumar, H., Nandi, S., & Rai, R. B. (2013). Determination of anti- 

inflammatory cytokine in periparturient cows for prediction of postpartum 
reproductive diseases. Theriogenology, 79(6), 974-979. 

 
Jamaludin, M. H., Hassan, M. H., Amin, M. R., & Zulhisyam, A. K. (2014). The future 

of the Malaysian beef industry. Journal of Tropical Resources and Sustainable 
Science, 2(1), 23-29. 

 
Janeway, C. A., Travers, P., Walport, M., & Shlomchik, M. J. (2001). The 

development and survival of lymphocytes. Immunobiology: The Immune System 
in Health and Disease. Garland Publishing: New York, NY, 221-293. 

 
Jaramillo, L., Díaz, F., Hernández, P., Debray, H., Trigo, F., Mendoza, G., & Zenteno, 

E. (2000). Purification and characterization of an adhesin from pasteurella 
haemolytica. Glycobiology, 10(1), 31-37. 

 
Jasni, S., Zamri-Saad, M., Kamal, H., Mutalib, A. R., Salim, N., & Sheikh-Omar, A. 

R. (1990). Seasonal occurrence of caprine pneumonic pasteurellosis in central 
peninsular Malaysia. Jurnal Veterinar Malaysia, 2(2), 147-148. 

 
Jasni, S., Zamri-Saad, M., Mutalib, A. R., & Sheikh-Omar, A. R. (1991). Isolation of 

pasteurella haemolytica from the nasal cavity of goats. British Veterinary 
Journal, 147(4), 352-355. 

 
 



© C
OPYRIG

HT U
PM

 
137 

Jesse, F. F. A., Adamu, L., Abdinasir, Y. O., Saad, M. Z., & Zakaria, Z. (2013). Acute 
phase protein profiles and clinico-pathological changes in mice associated with 
the infection of pasteurella multocida type B and the bacterial lipopolysaccharide 
and outer membrane protein immunogens. Journal of Animal and Veterinary 
Advances, 12, 186-193. 

 
Jesse, F. F. A., Adamu, L., Tijjani, A., Abba, Y., Sadiq, M.A., Zainal R., Muhammad 

Jamil Bin Sabu M., Saharee, A.A. and Haron, A.W. (2014). Hormonal and 
histopathological alterations in pituitary glands and reproductive organs of male 
and female mice orally inoculated with pasteurella multocida type B:2 and its 
lipopolysaccharides. American Journal of Animal and Veterinary Sciences, 9(4), 
200-212. 

 
Jesse, F. F. A., Amira, N. A., Isa, K. M., Maqbool, A., Ali, N. M., Chung, E. L. T., & 

Lila, M. A. M. (2019). Association between mannheimia haemolytica infection 
with reproductive physiology and performance in small ruminants: A review. 
Veterinary World, 12(7), 978. 

 
Jesse, F. F. A., Chung, E. L. T., Muniandy, K. V., Tan, A. H. A. R., Maslamany, D., 

Lila, M. A. M., & Norsidin, M. J. (2018). A short note: a study in determining 
the correlation between cortisol concentration in vaccinated and non- vaccinated 
clinically infected pneumonic goats. Malaysian Journal of Animal Science, 
21(2), 123-128. 

 
Jesse, F. F. A., Ibrahim, H. H., Abba, Y., Chung, E. L. T., Marza, A. D., Mazlan, M., 

Zamri-Saad, M., Omar, A.R., Zakaria, M.Z.A.B., Saharee, A.A. & Haron, A. W. 
(2017). Reproductive hormonal variations and adenohypophyseal lesions in pre-
pubertal buffalo heifers inoculated with pasteurella multocida type B:2 and its 
immunogens. BMC Veterinary Research, 13(1), 88. 

 
Jesse, F. F. A., Latif, N. A. A., Chung, E. L. T., Adamu, L., Sarah, S. A., Zamri-Saad, 

M., Haron, A.W. and Mohd, M.A. (2016). Cytokines (IL 1β and IL 6) responses 
in non-pregnant does infected with corynebacterium pseudotuberculosis 
following intradermal route of infection in chronic state. International Journal 
of Livestock Research, 6(6), 1-8. 

 
Jesse, F. F. A., Sang, S. L., Saharee, A. A., & Shahirudin, S. (2011). Pathological 

changes in the organs of mice model inoculated with corynebacterium 
pseudotuberculosis organism. Pertanika Journal of Tropical Agricultural 
Science, 34(1), 145-149. 

 
Jesse, F. F., Adamu, L., Osman, A. Y., Muhdi, A. F. B., Haron, A. W., Saharee, A. A., 

Saad, M.Z. and Omar, A.R. (2013). Polymerase chain reaction detection of 
corynebacterium pseudotuberculosis” in the brain of mice following oral 
inoculation. International Journal of Animal and Veterinary Advances, 5(1), 29-
33. 

 
Jesse, F.F.A., Abba, Y., Tijjani, A., Sadiq, M.A., Konto, M., Adamu, L., Wahid, A.H., 

MohdAzmi, M.L., Eric, L.T.C., Ab Rahman, M.F. and Mydin, N.B. (2016). 



© C
OPYRIG

HT U
PM

 
138 

Gonado-hypophyseal lesions and reproductive hormonal changes in brucella 
melitensis-infected mice and its lipopolysaccharides (LPSs). Comparative 
Clinical Pathology, 25(1), 31-36. 

 
Jesse, F.F.A., Adamu, L., Hazirah, N., Osman, A.Y., Mansor, R., Haron, A.W., 

Saharee, A.A. (2013). Clinical and reproductive pathological changes associated 
with brucellamelitensis and its lipopolysaccharide in female mice via oral 
inoculation. American Journal of Animal Veterinary Sciences, 8(3), 104-111. 

 
Jesse, F.F.A., Chung, E.L.T., Abba, Y., Muniandy, K.V., Tan, A.H.A.R., Maslamany, 

D., Bitrus, A.A., Lila, M.A.M. and Norsidin, M.J., (2019a). Establishment of 
lung auscultation scoring method and responses of acute phase proteins and heat 
shock proteins in vaccinated and non-vaccinated goats. Tropical Animal Health 
and Production, 51(2), 289-295. 

 
Jesse, F.F.A., Odhah, M.N., Abba, Y., Garba, B., Mahmood, Z., Hambali, I.U., Haron, 

A.W., Lila, M.A.M. and Zamri-Saad, M. (2020). 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. Microbial 
Pathogenesis, 139, 103852. 

 
Jeyaseelan, S., Sreevatsan, S., & Maheswaran, S. K. (2002). Role of mannheimia 

haemolytica leukotoxin in the pathogenesis of bovine pneumonic pasteurellosis. 
Animal Health Research Reviews, 3(2), 69–82. 

 
Johansson, M., & Lycke, N. (2003). A unique population of extrathymically derived 

αβTCR+ CD4− CD8− T cells with regulatory functions dominates the mouse 
female genital tract. The Journal of Immunology, 170(4), 1659-1666. 

 
Jones, F. S., & Little, R. B. (1921). An outbreak of pneumonia in dairy cows attributed 

to bacillus bovisepticus. Journal of Experimental Medicine, 34(6), 541-560. 
 
Kafi, M., Safdarian, M., & Hashemi, M. (2004). Seasonal variation in semen 

characteristics, scrotal circumference and libido of persian karakul rams. Small 
Ruminant Research, 53(1), 133-139. 

 
Kaoud, H., El-Dahshan, A. R., Zaki, M. M., & Nasr, S. A. (2010). Occurrence of 

mannheimia haemolytica and pasteurella trehalosi among ruminants in Egypt. 
New York Science Journal, 3(5), 135-141. 

 
Karasu, T., Marczylo, T. H., Maccarrone, M., & Konje, J. C. (2011). The role of sex 

steroid hormones, cytokines and the endocannabinoid system in female fertility. 
Human Reproduction Update, 17(3), 347-361. 

 
Karsch, F. J., Foster, D. L., Legan, S. J., Ryan, K. D., & Peter, G. K. (1979). Control 

of the preovulatory endocrine events in the ewe: interrelationship of estradiol, 
progesterone, and luteinizing hormone. Endocrinology, 105(2), 421-426. 

 



© C
OPYRIG

HT U
PM

 
139 

Karunasena, E., McMahon, K. W., Kurkure, P. C., & Brashears, M. M. (2014). A 
comparison of cell mediators and serum cytokines transcript expression between 
male and female mice infected with mycobacterium avium subspecies 
paratuberculosis and/or consuming probiotics. Pathogens and Disease, 72(2), 
104-110. 

 
Katiku, P. N., Kimitei, R. K., Korir, B. K., Muasya, T. K., Chengole, J. M., Ogillo, B. 

P., & Karimi, S. K. (2013). Value chain assessment of small ruminant 
production, challenges and opportunities: The case of southern rangelands in 
Kenya. Livestock Research for Rural Development, 25(1). 

 
Kawamoto, E., Okiyama, E., Sasaki, H., Sawada, T., Mikazuki, K., & Ueshiba, H. 

(2007). Ultrastructural characteristics of the external surfaces of pasteurella 
pneumotropica from mice and pasteurella multocida from rabbits. Laboratory 
Animals, 41(2), 285-291. 

 
Kelly, A. P., & Janzen, E. D. (1986). A review of morbidity and mortality rates and 

disease occurrence in North American feedlot cattle. The Canadian Veterinary 
Journal, 27(12), 496. 

 
Khan, A., Saleemi, M. K., Khan, M. Z., Gul, S. T., Irfan, M., & Qamar, M. S. (2011). 

Hemorrhagic septicemia in buffalo (Bubalus bubalis) calves under sub-tropical 
conditions in Pakistan. Pakistan Journal of Zoology, 43(2). 

 
Khanum, S. A., Hussain, M., & Kausar, R. (2008). Progesterone and estradiol profiles 

during estrous cycle and gestation in dwarf goats (Capra hircus). Pakistan 
Veterinary Journal, 28(1), 1. 

 
Khin, M. N., M. Zamri-Saad & M. M. Noordin, (2010). Pathological changes in the 

lungs of calves following intratracheal exposure to pasteurella multocida B:2. 
Pertanika Journal of Tropical Agricultural Science, 33, 113–117. 

 
Khuder, Z. (2015). Etiopathogenesis of caseous lymphadinitis in goats. (PhD), 

University Putra Malaysia. 
 
Khuder, Z., Osman, A.Y., Jesse, F.F., Haron, A.W., Saharee, A.A., Sabri, J., Yusoff, 

R. and Abdullah, R. (2012). Sex hormone profiles and cellular changes of 
reproductive organs of mice experimentally infected with C. pseudotuberculosis 
and its exotoxin phospholipase D (PLD). IOSR Journal of Agriculture and 
Veterinary Science, 1(3), 24-29. 

 
Kim, I. H., Kang, H. G., Jeong, J. K., Hur, T. Y., & Jung, Y. H. (2014). Inflammatory 

cytokine concentrations in uterine flush and serum samples from dairy cows with 
clinical or subclinical endometritis. Theriogenology, 82(3), 427-432. 

 
Kim, W.S., Lee, J.S., Jeon, S.W., Peng, D.Q., Kim, Y.S., Bae, M.H., Jo, Y.H. and Lee, 

H.G., (2018). Correlation between blood, physiological and behavioral 
parameters in beef calves under heat stress. Asian-Australasian Journal of 
Animal Sciences, 31(6), 919. 



© C
OPYRIG

HT U
PM

 
140 

Kindt, T.J., Goldsby, R.A., and Osborne, B.A. (2007). Immunology 6th Edition. New 
York: W. H. Freeman and Company. 

 
Klima, C. L., Alexander, T. W., Hendrick, S., & McAllister, T. A. (2014). 

Characterization of mannheimia haemolytica isolated from feedlot cattle that 
were healthy or treated for bovine respiratory disease. Canadian Journal of 
Veterinary Research, 78(1), 38-45. 

 
Klima, C. L., Zaheer, R., Briggs, R. E., & McAllister, T. A. (2017). A multiplex PCR 

assay for molecular capsular serotyping of mannheimia haemolytica serotypes 
1, 2, and 6. Journal of Microbiological Methods, 139, 155-160.  

 
Korhonen, H., Fisslthaler, B., Moers, A., Wirth, A., Habermehl, D., Wieland, T., 

Schütz, G., Wettschureck, N., Fleming, I. and Offermanns, S. (2009). 
Anaphylactic shock depends on endothelial Gq/G11. Journal of Experimental 
Medicine, 206(2), 411-420. 

 
Kuhnert, P., Korczak, B., Falsen, E., Straub, R., Hoops, A., Boerlin, P., Frey, J. and 

Mutters, R., (2004). Nicoletella semolina gen. nov., sp. nov., a new member of 
pasteurellaceae isolated from horses with airway disease. Journal of Clinical 
Microbiology, 42(12), 5542-5548. 

 
Kumar, A., & Hancke, G. P. (2014). A zigbee-based animal health monitoring system. 

IEEE sensors Journal, 15(1), 610-617. 
 
Kumar, J., Dixit, S. K., & Kumar, R. (2015). Rapid detection of mannheimia 

haemolytica in lung tissues of sheep and from bacterial culture. Veterinary 
World, 8(9), 1073. 

 
Lacasta, D., Ferrer, L. M., Ramos, J. J., González, J. M., & De las Heras, M. (2008). 

Influence of climatic factors on the development of pneumonia in lambs. Small 
Ruminant Research, 80(1-3), 28-32. 

 
Lamy, E., van Harten, S., Sales-Baptista, E., Guerra, M. M. M., & de Almeida, A. M. 

(2012). Factors influencing livestock productivity. In Environmental stress and 
Amelioration in Livestock production (pp. 19-51). Springer, Berlin, Heidelberg. 

 
Latif, N.A.A., Abba, Y., Jesse, F.F.A., Chung, E.L.T., Zamri-Saad, M., Saharee, A.A., 

Zakaria, Z., Haron, A.W. and Mohd-Lila, M.A. (2017). Histopathological 
assessment of chronic corynebacterium pseudotuberculosis infection in the 
reproductive tract and iliac lymph node of Katjang does. Comparative Clinical 
Pathology, 26(1), 147-154. 

 
Latif, N.A.A., Abdullah, F.F.J., Othman, A.M., Rina, A., Chung, E.L.T., Zamri-Saad, 

M., Saharee, A.A., Haron, A.W. and Lila, M.A.M. (2015). Isolation and 
detection of corynebacterium pseudotuberculosis in the reproductive organs and 
associated lymph nodes of non-pregnant does experimentally inoculated through 
intradermal route in chronic form. Veterinary World, 8(7), 924. 

 



© C
OPYRIG

HT U
PM

 
141 

Lavon, Y., Leitner, G., Moallem, U., Klipper, E., Voet, H., Jacoby, S., Glick, G., 
Meidan, R. & Wolfenson, D. (2011). Immediate and carryover effects of Gram-
negative and Gram-positive toxin-induced mastitis on follicular function in dairy 
cows. Theriogenology, 76(5), 942-953. 

 
Lavon, Y., Leitner, G., Voet, H., & Wolfenson, D. (2010). Naturally occurring mastitis 

effects on timing of ovulation, steroid and gonadotrophic hormone 
concentrations, and follicular and luteal growth in cows. Journal of Dairy 
Science, 93(3), 911-921. 

 
Lawal, A., Lasisi, O. T., Emikpe, B. O., & Ogundipe, G. A. T. (2011). Outbreak of 

peste des petits ruminants in west african dwarf goats in Eruwa, Southwestern 
Nigeria. Nigerian Veterinary Journal, 32(4). 

 
Li, W., Li, L., Ting, M., & Liu, Y. (2012). Intensification of northern hemisphere 

subtropical highs in a warming climate. Nature Geoscience, 5(11), 830. 
 
Liang, J. B., & Devendra, C. (2014). Expanding the contribution of dairy goats in 

efficient and  sustainable  production  systems.  Animal   Production Science, 
54(9), 1198-1203. 

 
Lim, T. K., & Siow, W. T. (2018). Pneumonia in the tropics. Respirology, 23(1), 28- 

35.  
 
Lowell, C. A. (2011). Neutrophils give us a shock. The Journal of Clinical 

Investigation, 121(4), 1260-1263. 
 
Luginbuhl, J. M. L., Poore, M. H., & Mueller, J. P. (2002). Managing body condition: 

A key to successful management.  
 
Lynn, B. (1988). Neurogenic inflammation. Skin Pharmacology and Physiology, 1(4), 

217-224. 
 
Madenspacher, J.H., Azzam, K.M., Gowdy, K.M., Malcolm, K.C., Nick, J.A., Dixon, 

D., Aloor, J.J., Draper, D.W., Guardiola, J.J., Shatz, M. and Menendez, D. 
(2013). P53 Integrates host defense and cell fate during bacterial pneumonia. 
Journal of Experimental Medicine, 210(5), 891-904. 

 
Magata, F., Horiuchi, M., Miyamoto, A., & Shimizu, T. (2014). Peptidoglycan inhibits 

progesterone and androstenedione production in bovine ovarian theca cells. 
Toxicology in Vitro, 28(5), 961-967. 

 
Magoffin, D. A. (1989). Evidence that luteinizing hormone-stimulated differentiation 

of purified ovarian thecal-interstitial cells is mediated by both type I and type II 
adenosine 3′, 5′-monophosphate-dependent protein kinases. Endocrinology, 
125(3), 1464-1472. 

 
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 



© C
OPYRIG

HT U
PM

 
142 

pseudotuberculosis, phospholipase D inoculation and the fertility characteristics 
of crossbred boer bucks. Livestock Science, 191, 12-21. 

 
Mahmood, Z., Jesse, F., Saharee, A., Jasni, S., Yusoff, R., & Wahid, H. (2015). Clinio- 

pathological changes in goats challenged with corynebacterium 
peudotuberculosis and its exotoxin (PLD). American Journal of Animal and 
Veterinary Sciences, 10(3), 112-132. 

 
Mandal, A. B., Paul, S. S., Mandal, G. P., Kannan, A., & Pathak, N. N. (2005). 

Deriving nutrient requirements of growing indian goats under tropical condition. 
Small Ruminant Research, 58(3), 201-217. 

 
Marru, H. D., Anijajo, T. T., & Hassen, A. A. (2013). A study on ovine pneumonic 

pasteurellosis: Isolation and identification of pasteurellae and their antibiogram 
susceptibility pattern in Haramaya District, Eastern Hararghe, Ethiopia. BMC 
Veterinary Research, 9(1), 239. 

 
Martínez, J. L., & Baquero, F. (2002). Interactions among strategies associated with 

bacterial infection: pathogenicity, epidemicity, and antibiotic resistance. 
Clinical Microbiology Reviews, 15(4), 647-679. 

 
Marza, A.D., Abdullah, F.F.J., Ahmed, I.M., Chung, E.L.T., Ibrahim, H.H., Zamri- 

Saad, M., Omar, A.R., Bakar, M.Z.A., Saharee, A.A., Haron, A.W. and Lila, 
M.A.M. (2015). Involvement of nervous system in cattle and buffaloes due to 
pasteurella multocida B:2 infection: A review of clinicopathological and 
pathophysiological changes. Journal of Advanced Veterinary and Animal 
Research, 2(3), 252-262. 

 
Marza, A.D., Abdullah, F.F.J., Ahmed, I.M., Chung, E.L.T., Ibrahim, H.H., Zamri- 

Saad,     M., Omar, A.R., Bakar, M.Z.A., Saharee, A.A., Haron, A.W. and Alwan, 
M.J. (2017). The ability of lipopolysaccharide (LPS) of pasteurella multocida B: 
2 to induce clinical and pathological lesions in the nervous system of buffalo 
calves following experimental inoculation. Microbial Pathogenesis, 104, 340- 
347. 

 
Mavrogianni, V.S., Fthenakis, G.C., Brooks, H., Papaioannou, N., Cripps, P.J., 

Taitzoglou, I., Brellou, G. and Saratsis, P., (2005). The effects of inoculation of 
mannheimia haemolytica into the teat of lactating ewes. Veterinary Research, 
36(1), pp.13-25. 

 
McBride, J. W., Corstvet, R. E., Paulsen, D. B., McClure, J. R., & Enright, F. M. 

(1992). Systemic and pulmonary antibody responses of calves to pasteurella 
haemolytica after intrapulmonary inoculation. American Journal of Veterinary 
Research, 53(10), 1889-1894. 

 
McBride, J. W., Corstvet, R. E., Paulsen, D. B., McClure, J. R., & Enright, F. M. 

(1992). Systemic and pulmonary antibody responses of calves to pasteurella 
haemolytica after intrapulmonary inoculation. American Journal of Veterinary 
Research, 53(10), 1889-1894. 



© C
OPYRIG

HT U
PM

 
143 

McDougall, S., & Compton, C. (2005). Reproductive performance of anestrous dairy 
cows treated with progesterone and estradiol benzoate. Journal of Dairy Science, 
88(7), 2388-2400. 

 
Megra, T., Sisay, T., & Asseged, B. (2006). The aerobic bacterial flora of the 

respiratory passageways of healthy goats in Dire Dawa Abattoir, Eastern 
Ethiopia. Revue de Médecine Vétérinaire, 157(2), 84-87. 

 
Menzies, P. I., & Muckle, C. A. (1989). The use of a microagglutination assay for the 

detection of antibodies to corynebacterium pseudotuberculosis in naturally 
infected sheep and goat flocks.  Canadian Journal of Veterinary Research, 
53(3), 313.  

 
Michel, L., Mencia-Huerta, J. M., Benveniste, J., & Dubertret, L. (1987). Biologic 

properties of LTB4 and PAF-acether in vivo in human skin. Journal of 
Investigative Dermatology, 88(6), 675-681. 

 
Ministry of Agriculture and Agro-Based Industry. (2011). Agrofood statistics 2010. 

Putrajaya. [Online]. Available: 
http://www.moa.gov.my/c/document_library/get_file?uuid=1cb6c 877-bada- 
410a-9dbd-12da85cbc8e0&groupId=432 04. 

 
Moeller Jr, R. B. (2001). Causes of caprine abortion: diagnostic assessment of 211 

cases (1991–1998). Journal of Veterinary Diagnostic Investigation, 13(3), 265-
270. 

 
Mohamad, M., Quirie, M., & Donachie, W. (1993). Prevalence of pasteurella 

haemolytica serotypes isolated from ovine and caprine pasteurellosis in 
Malaysia. The Malaysian Society of Animal Production. 

 
Mohamed, R. A., & Abdelsalam, E. B. (2008). A review on pneumonic pasteurellosis 

(respiratory mannheimiosis) with emphasis on pathogenesis, virulence 
mechanisms and predisposing factors. Bulgarian Journal of Veterinary 
Medicine, 11(3), 139-160. 

 
Mohammed, M. K., Faez, F., Lawan, A., Abdinasir, Y. O., Abdul, W. H., Mohd, Z. 

S., & Abdul, R. O. (2013). Acute phase protein responses in mice infected with 
river water contaminated by pasteurella multocida type B: 2. American Journal 
of Animal and Veterinary Sciences, 8(3), 159-164. 

 
Moore, C., & Moger, W. H. (1991). Interleukin-1α-induced changes in androgen and 

cyclic adenosine 3′, 5′-monophosphate release in adult rat Leydig cells in culture. 
Journal of Endocrinology, 129(3), 381-390. 

 
Morimoto, R. I. (1998). Regulation of the heat shock transcriptional response: cross 

talk between a family of heat shock factors, molecular chaperones, and negative 
regulators. Genes & Development, 12(24), 3788-3796. 

 
 



© C
OPYRIG

HT U
PM

 
144 

Morton, R. J., Panciera, R. J., Fulton, R. W., Frank, G. H., Ewing, S. A., Homer, J. T., 
& Confer, A. W. (1995). Vaccination of cattle with outer membrane protein- 
enriched fractions of pasteurella haemolytica and resistance against 
experimental challenge exposure. American Journal of Veterinary Research, 
56(7), 875-879. 

 
Muderris, I. I., & Oner, G. (2012). Sex hormones and infertility. In Sex Hormones. 

IntechOpen. 
 
Mukherjee, J., Pandita, S., Huozha, R., & Ashutosh, M. (2011). In vitro immune 

competence of buffaloes (Bubalus bubalis) of different production potential: 
effect of heat stress and cortisol. Veterinary Medicine International, 2011. 

 
Mutters, R., Ihm, P., Pohl, S., Frederiksen, W., & Mannheim, W. (1985). 

Reclassification of the genus pasteurella trevisan 1887 on the basis of 
deoxyribonucleic acid homology, with proposals for the new species pasteurella 
dagmatis, pasteurella canis, pasteurella stomatis, pasteurella anatis, and 
pasteurella langaa. International Journal of Systematic and Evolutionary 
Microbiology, 35(3), 309-322. 

 
Nardone, A., Ronchi, B., Lacetera, N., Ranieri, M. S., & Bernabucci, U. (2010). 

Effects of climate changes on animal production and sustainability of livestock 
systems. Livestock Science, 130(1-3), 57-69. 

 
Navarro, T., Ramos, J. J., de Arcaute, M. R., & González, J. M. (2019). Predisposing 

factors inducing ovine respiratory complex in intensive-reared lambs. Small 
Ruminant Research. 

 
O'Garra, A. (1998). Cytokines induce the development of functionally heterogeneous 

T helper cell subsets. Immunity, 8(3), 275-283. 
 
Okoli, I. C. (2003). Incidence and modulating effects of environmental factors on 

trypanosomosis, peste des petit ruminants (PPR) and bronchopneumonia of West 
African dwarf goats in Imo state, Nigeria. Livestock Research for Rural 
Development, 15(9), 112-119. 

 
Okuni, J. B., Kateete, D. P., Okee, M., Nanteza, A., Joloba, M., & Ojok, L. (2017). 

Application of antibodies to recombinant heat shock protein 70 in 
immunohistochemical diagnosis of mycobacterium avium subspecies 
paratuberculosis in tissues of naturally infected cattle. Irish Veterinary Journal, 
70(1), 10. 

 
Omaleki, L., Browning, G. F., Allen, J. L., & Barber, S. R. (2011). The role of 

mannheimia species in ovine mastitis. Veterinary Microbiology, 153(1-2), 67- 
72. 

 
Onwuliri, C. O., Anosike, J. C., Nkem, C. N., & Payne, V. K. (1993). The ecology of 

animal parasitic nematodes in endemic areas of Jos, Nigeria. Applied 
Parasitology, 34(2), 131-137. 



© C
OPYRIG

HT U
PM

 
145 

Oremeyi, T., Emikpe, B. O., & Sabri, M. Y. (2013). Cellular and mucosal immune 
responses in the respiratory tract of Nigerian goats following intranasal 
administration of inactivated recombinant mannheimia hemolytica bacterine. 
Nigerian Journal of Physiological Sciences, 28(2), 121-125. 

 
Osawa, R., Rainey, F., Fujisawa, T., Lang, E., Busse, H. J., Walsh, T. P., & 

Stackebrandt, E. (1995). Lonepinella koalarum gen. nov., sp. nov., a new tannin-
protein complex degrading bacterium.Systematic and Applied Microbiology, 
18(3), 368-373. 

 
Oskam, I., Ropstad, E., Lie, E., Derocher, A., Wiig, Ø., Dahl, E., Larsen, S. and 

Skaare, J.U. (2004). Organochlorines affect the steroid hormone cortisol in free-
ranging polar bears (Ursus maritimus) at Svalbard, Norway. Journal of 
Toxicology and Environmental Health, 67(12), 959-977. 

 
Othman, A. M., Abba, Y., Jesse, F. F. A., Ilyasu, Y. M., Saharee, A. A., Haron, A. W., 

Zamri-Saad, M., & Lila, M. A. M. (2016). Reproductive pathological changes 
associated with experimental subchronic corynebacterium pseudotuberculosis 
infection in nonpregnant boer does. Journal of Pathogens, 2016, 7. 

 
Othman, A. M., Jesse, F. F. A., Adamu, L., Abba, Y., Adza Rina, M., Saharee, A. & 

Zamri-Saad, M. (2014). Changes in serum progesterone and estrogen 
concentrations in non-pregnant boer does following experimental infection with 
corynebacterium pseudotuberculosis. Journal of Veterinary Advances, 4(5), 
524-8. 

 
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. Research Opinions in Animal & Veterinary Sciences, 4(11). 

 
Othman, A.M., Abba, Y., Jesse, F.F.A., Ilyasu, Y.M., Saharee, A.A., Haron, A.W., 

Zamri-Saad, M. and Lila, M.A.M., (2016). Reproductive pathological changes 
associated with experimental subchronic corynebacterium pseudotuberculosis 
infection in nonpregnant boer does. Journal of Pathogens, 2016. 

 
Othman, A.M., Jesse, F.F.A., Adza-Rina, M.N., Ilyasu, Y., Zamri-Saad, M., Wahid, 

A.H., Saharee, A.A. and Mohd-Azmi, M.L. (2014). Responses of inflammatory 
cytokines in non-pregnant boer does inoculated with corynebacterium 
pseudotuberculosis via various routes. Research Opinions in Animal and 
Veterinary Sciences, 4(11), 597-600. 

 
Othman, Abas, M., Abdullah, F. F. J., Nordi, M., Rina, N. A., Ilyasu, Y., Saad, M. Z., 

Haron, A. W., Saharee, A. A., Lila, M., & Azmi, M. (2014a). Haemotological, 
biochemical and serum electrolyte changes in non-pregnant boer does inoculated 
with corynebacterium pseudotuberculosis via various routes. IOSR Journal of 
Agriculture and Veterinary Science, 7(10 ver. 2), 5-8. 

 
 



© C
OPYRIG

HT U
PM

 
146 

Palm, F., Walter, I., Budik, S., Kolodziejek, J., Nowotny, N., & Aurich, C. (2008). 
Influence of different semen extenders and seminal plasma on PMN migration 
and on expression of IL-1β, IL-6, TNF-α and COX-2 mRNA in the equine 
endometrium. Theriogenology, 70(5), 843-851. 

 
Paul, R. C., Rahman, A. N. M. I., Debnath, S., & Khandoker, M. A. M. Y. (2014). 

Evaluation of productive and reproductive performance of black bengal goat. 
Bangladesh Journal of Animal Science, 43(2), 104-111. 

 
Paul, S. S., Mandal, A. B., Mandal, G. P., Kannan, A., & Pathak, N. N. (2004). 

Deriving nutrient requirements of lactating indian cattle under tropical condition 
using performance and intake data emanated from feeding trials conducted in 
different research institutes. Asian-australasian Journal of Animal Sciences, 
17(6), 769-776. 

 
Paulesu, L., Bhattacharjee, J., Bechi, N., Romagnoli, R., Jantra, S., & Ietta, F. (2010). 

Pro-inflammatory cytokines in animal and human gestation. Current 
Pharmaceutical Design, 16(32), 3601-3615. 

 
Petersen, H. H., Nielsen, J. P., & Heegaard, P. M. H. (2004). Application of acute 

phase protein measurements in veterinary clinical chemistry. Veterinary 
Research, 35(2), 163-187. 

 
Pierce, J. G., & Parsons, T. F. (1981). Glycoprotein hormones: structure and function. 

Annual Review of Biochemistry, 50(1), 465-495. 
 
Praveena, P. E., Periasamy, S., Kumar, A. A., & Singh, N. (2010). Cytokine profiles, 

apoptosis and pathology of experimental pasteurella multocida serotype A1 
infection in mice. Research in Veterinary Science, 89(3), 332-339. 

 
Procianoy, R. S., & Silveira, R. C. (2004). The role of sample collection timing on 

interleukin-6 levels in early-onset neonatal sepsis. Jornal de Pediatria, 80(5), 
407-410. 

 
Quayle, A. J. (2002). The innate and early immune response to pathogen challenge in 

the female genital tract and the pivotal role of epithelial cells. Journal of 
Reproductive Immunology, 57(1-2), 61-79. 

 
Qureshi, M. S. (2012). Stress impedes reproductive physiology of dairy animals under 

subtropical conditions-a review. Journal of Animal and Plant Sciences, 22, 75-
78. 

 
Radostits, O. M., Mayhew, I. G., & Houston, D. M. (2000). Veterinary Clinical 

Examination and Diagnosis. WB Saunders. 
 
Rae, D. O. (2002). Managing for profit: Nutritional Priorities-Cow age and body 

condition. 
 
 



© C
OPYRIG

HT U
PM

 
147 

Raghupathy, R., Makhseed, M. A., Azizieh, F., Hassan, N., Al-Azemi, M., & Al- 
Shamali, E. (1999). Maternal Th1-and Th2-type reactivity to placental antigens 
in normal human pregnancy and unexplained recurrent spontaneous abortions. 
Cellular Immunology, 196(2), 122-130. 

 
Raghupathy, R., Makhseed, M., Azizieh, F., Omu, A., Gupta, M., & Farhat, R. (2000). 

Cytokine production by maternal lymphocytes during normal human pregnancy 
and in unexplained recurrent spontaneous abortion. Human Reproduction, 15(3), 
713-718. 

 
Rahal, A., Ahmad, A. H., Prakash, A., Mandil, R., & Kumar, A. T. (2014). 

Environmental attributes to respiratory diseases of small ruminants. Veterinary 
Medicine International, 2014. 

 
Rawat, N., Gilhare, V. R., Kushwaha, K. K., Hattimare, D. D., Khan, F. F., Shende, 

R. K., & Jolhe, D. K. (2019). Isolation and molecular characterization of 
mannheimia haemolytica and pasteurella multocida associated with pneumonia 
of goats in Chhattisgarh. Veterinary World, 12(2), 331. 

 
Razak, A., Shameha, I., & Saad, M. Z. (2005). Effects on of dexamethasone on 

vaccination responses against pneumonic pasteurellosis in goats. Jurnal 
Veterinar Malaysia, 17(2), 19-23. 

 
Reyes, V. S. V., Velasco, S. T., Hinojosa Cruz, J. C., Romero, M. D. J. O., Olarte, M. 

E. C., & Fuentes, A. R. (2005). Serum levels of IL-1Β, IL-6 and TNF-α in 
infertile patients with ovarian dysfunction. Ginecologia y obstetricia de 
Mexico, 73(11), 604-610. 

 
Rhodes, D. M., Magdesian, K. G., Byrne, B. A., Kass, P. H., Edman, J., & Spier, S. J. 

(2015). Minimum inhibitory concentrations of equine corynebacterium 
pseudotuberculosis isolates (1996–2012). Journal of Veterinary Internal 
Medicine, 29(1), 327-332. 

 
Rico, G. R., Martínez-Castillo, M., González-Ruíz, C., Luna-Castro, S., & de la Garza, 

M. (2017). Mannheimia haemolytica A2 secretes different proteases into the 
culture medium and in outer membrane vesicles. Microbial Pathogenesis, 113, 
276-281. 

 
Rivas-Muñoz, R., Carrillo, E., Rodriguez-Martinez, R., Leyva, C., Mellado, M., & 

Véliz, F. G. (2010). Effect of body condition score of does and use of bucks 
subjected to added artificial light on estrus response of Alpine goats. Tropical 
Animal Health and Production, 42(6), 1285-1289. 

 
Roier, S., J. C. Fenninger, D. R. Leitner, G. N. Rechberger, J. Reidl & S. Schild, 

(2013). Immunogenicity of pasteurella multocida and mannheimia haemolytica 
outer membrane vesicles. International Journal of Medical Microbiology, 303, 
247–256. 

 
 



© C
OPYRIG

HT U
PM

 
148 

Romani, L., & Kaufmann, S. H. E. (1998). Immunity to fungi-editorial overview. 
Research in Immunology, 149(4-5), 277-281. 

 
Rycroft, A. N., & Garside, L. H. (2000). Actinobacillus species and their role in animal 

disease. The Veterinary Journal, 159(1), 18-36. 
 
Saad, M. Z., Zakaria, Z., Abdullah, R., & Saharee, A. A. (2013). Acute phase protein 

profile and clinico-pathological changes in mice associated with the infection of 
Pasteurella multocida type B and the bacterial lipopolysaccharide and outer 
membrane protein imminogens. Journal of Animal and Veterinary Advances, 
12(2), 186-193. 

 
Sabri, M. Y., Shahrom-Salisi, M., & Emikpe, B. O. (2013). Comparison prior and post 

vaccination of inactivated recombinant vaccine against mannheimiosis in boer 
goats farm in Sabah. Journal of Vaccines and Vaccination, 4(173), 2. 

 
Sabri, M. Y., Zamri-Saad, M., Mutalib, A. R., Israf, D. A., & Muniandy, N. (2000). 

Efficacy of an outer membrane protein of pasteurella haemolytica A2, A7 or A9-
enriched vaccine against intratracheal challenge exposure in sheep. Veterinary 
Microbiology, 73(1), 13-23. 

 
Saito, S., Tsukaguchi, N., Hasegawa, T., Michimata, T., Tsuda, H., & Narita, N. 

(1999). Distribution of Th1, Th2, and Th0 and the Th1/Th2 cell ratios in human 
peripheral and endometrial T cells. American Journal of Reproductive 
Immunology, 42(4), 240-245. 

 
Salisi, M. S. (2011). Effects of implementing feeding, breeding and a herd health 

program on the performance of boer goat breeding farm in Sabah. (Doctoral 
dissertation, Universiti Putra Malaysia). 

 
Salisi, M. S., Saad, M. Z., & Kasim, A. (2012). Implementation of herd health program 

to improve survival of Boer goats in Malaysia. Tropical Animal Health and 
Production, 44(2), 207-211. 

 
Sani, S. (1990). Urban climatology in Malaysia: an overview. Energy and  Buildings, 

15(1-2), 105-117. 
 
Sato, T., Miyagawa, S., & Iguchi, T. (2016). Progesterone. In Handbook of Hormones 

(pp. 507-e94A). Academic Press. 
 
Schautteet, K., Stuyven, E., Cox, E., & Vanrompay, D. (2011). Validation of the 

chlamydia trachomatis genital challenge pig model for testing recombinant 
protein vaccines. Journal of Medical Microbiology, 60(1), 117-127. 

 
Schroeder Jr, H. W., & Cavacini, L. (2010). Structure and function of 

immunoglobulins. Journal of Allergy and Clinical Immunology, 125(2), S41- 
S52. 

 
 



© C
OPYRIG

HT U
PM

 
149 

Scott, P. R. (2011). Treatment and control of respiratory disease in sheep. Veterinary 
Clinics: Food Animal Practice, 27(1), 175-186. 

 
Scott, P. R. (2016). Cattle and Sheep Medicine: Self-Assessment Color Review. CRC 

Press. 
 
Sellers, Z. P., Bujko, K., Schneider, G., Kucia, M., & Ratajczak, M. Z. (2018). Novel 

evidence that pituitary sex hormones regulate migration, adhesion, and 
proliferation of embryonic stem cells and teratocarcinoma cells. Oncology 
Reports, 39(2), 851-859. 

 
Setta, A., & Salem, H. M. (2017). Mannheimia (pasteurella) haemolytica infection in 

commercial layers; A Case Report. 
 
Shafarin, M. S., Zamri-Saad, M., Khairani, B. S., & Saharee, A. A. (2008). 

Proliferation and transmission patterns of pasteurella multocida B:2 in goats. 
Tropical Animal Health and Production, 40(5), 335-340. 

 
Shahrom, M. S., & Zamri-Saad, M. (2012). A retrospective study on post-arrival 

mortality rate of  Australian  boer  goats  in  a  breeder  farm  in  Malaysia. 
Pertanika Journal of Tropical Agricultural Science, 35(4). 

 
Shahudin, M. S., Ghani, A. A. A., Zamri-Saad, M., Zuki, A. B., Abdullah, F. F. J., 

Wahid, H., & Hassim, H. A. (2018). The necessity of a herd health management 
programme for dairy goat farms in Malaysia. Pertanika Journal of Tropical 
Agricultural Science, 41(1). 

 
Shallali, A. A., Hussein, A. M., Salih, M. M., & Dafalla, E. A. (2001). A preliminary 

report on bacteria isolated from the female genital tract of sudanese sheep and 
goats. The Sudan Journal of Veterinary Research, 17(1), 55-63. 

 
Shanthalingam, S., Goldy, A., Bavananthasivam, J., Subramaniam, R., Batra, S. A., 

Kugadas, A., Raghavan, B., Dassanayake, R.P., Jennings-Gaines, J.E., Killion, 
H.J. & Edwards, W. H. (2014). PCR assay detects mannheimia haemolytica in 
culture-negative pneumonic lung tissues of bighorn sheep (ovis canadensis) 
from outbreaks in the western USA, 2009–2010. Journal of Wildlife Diseases, 
50(1), 1-10. 

 
Sharma, A. K. (2019). Immunology: An Introductory Textbook. Jenny Stanford. 
 
Sheldon, I. M., & Dobson, H. (2004). Postpartum uterine health in cattle. Animal 

Reproduction Science, 82, 295-306. 
 
Sheldon, I. M., Cronin, J., Goetze, L., Donofrio, G., & Schuberth, H. J. (2009). 

Defining postpartum uterine disease and the mechanisms of infection and 
immunity in the female reproductive tract in cattle. Biology of Reproduction, 
81(6), 1025-1032. 

 
 



© C
OPYRIG

HT U
PM

 
150 

Shewen, P. E., & Conlon, J. R. (1993). Pasteurella. Pathogenesis of Bacterial 
Infections in Animals, 2nd ed. Iowa State University Press, Ames, 216-225. 

 
Shewen, P. E., & Wilkie, B. N. (1988). Vaccination of calves with leukotoxic culture 

supernatant from pasteurella haemolytica. Canadian Journal of Veterinary 
Research, 52(1), 30. 

 
Shiferaw, G., Tariku, S., Ayelet, G., & Abebe, Z. (2006). Contagious caprine 

pleuropneumonia and mannheimia haemolytica-associated acute respiratory 
disease of goats and sheep in Afar Region, Ethiopia. Revue Scientifique et 
Technique-Office International des Epizooties, 25(3), 1153. 

 
Shilja, S., Sejian, V., Bagath, M., Mech, A., David, C.G., Kurien, E.K., Varma, G. and 

Bhatta, R. (2016). Adaptive capability as indicated by behavioral and 
physiological responses, plasma HSP70 level, and PBMC HSP70 mRNA 
expression in Osmanabadi goats subjected to combined (heat and nutritional) 
stressors. International Journal of Biometeorology, 60(9), 1311-1323. 

 
Silanikove, N. (2000). Effects of heat stress on the welfare of extensively managed 

domestic ruminants. Livestock Production Science, 67(1-2), 1-18. 
 
Simmons, C. P., Hodgson, A. L., & Strugnell, R. A. (1997). Attenuation and vaccine 

potential of aroQ mutants of Corynebacterium pseudotuberculosis. Infection and 
Immunity, 65(8), 3048-3056. 

 
Singh, F., Sonawane, G. G., & Meena, R. K. (2019). Pathology, isolation and 

characterization of virulent and diverse mannheimia haemolytica and pasteurella 
multocida associated with fatal pneumonia in sheep, Rajasthan, India. 
Comparative Clinical Pathology, 28(2), 531-540. 

 
Sisay, T., & Zerihun, A. (2003). Diversity of mannheimia haemolytica and pasteurella 

trehalosi serotypes from apparently healthy sheep and abattoir specimens in the 
highlands of Wollo, North East Ethiopia. Veterinary Research Communications, 
27(1), 3-14. 

 
Skinner, J. G., Brown, R. A., & Roberts, L. (1991). Bovine haptoglobin response in 

clinically defined field conditions. The Veterinary Record, 128(7), 147-149. 
 
Smith, M. C., & Sherman, D. M. (2011). Goat Medicine. John Wiley & Sons. 
 
Song, C., & Wang, H. (2011). Cytokines mediated inflammation and decreased 

neurogenesis in animal models of depression. Progress in Neuro- 
Psychopharmacology and Biological Psychiatry, 35(3), 760-768. 

 
Soren, N. M. (2012). Nutritional manipulations to optimize productivity during 

environmental stresses in livestock. Environmental Stress and Amelioration in 
Livestock Production (pp. 181-218). Springer, Berlin, Heidelberg. 

 
 



© C
OPYRIG

HT U
PM

 
151 

Srikumaran, S., Kelling, C. L., & Ambagala, A. (2007). Immune evasion by pathogens 
of bovine respiratory disease complex. Animal Health Research Reviews, 8(2), 
215-229. 

 
Subramaniam, R., Shanthalingam, S., Bavananthasivam, J., Kugadas, A., Potter, K. 

A., Foreyt, W. J., Hodgins, D.C., Shewen, P.E., Barrington, G.M., Knowles, D.P. 
& Srikumaran, S. (2011). A multivalent mannheimia-bibersteinia vaccine 
protects bighorn sheep against mannheimia haemolytica challenge. Clinical and 
Vaccine Immunology, 18(10), 1689-1694. 

 
Suhaila, J., Deni, S. M., Zin, W. W., & Jemain, A. A. (2010). Trends in peninsular 

Malaysia rainfall data during the southwest monsoon and northeast monsoon 
seasons: 1975–2004. Sains Malaysiana, 39(4), 533-542. 

 
Suhaila, J., Deni, S. M., Zin, W. Z. W., & Jemain, A. A. (2010). Spatial patterns and 

trends of daily rainfall regime in peninsular Malaysia during the southwest and 
northeast monsoons: 1975–2004. Meteorology and Atmospheric Physics, 110(1-
2), 1-18. 

 
Tadesse, B., Alamirew, K., Ketema, A., Kiflie, W., & Endashaw, M. (2017). Ruminant 

pneumonic pasteurellosis: review on epidemiology, pathogenesis and virulence 
mechanism. Academic Journal of Animal Diseases, 6(2), 30-39. 

 
Takashima, H., Sakai, H., Yanai, T., and Masegi, T. (2001). Detection of antibodies 

against pasteurella multocida using immunohistochemical staining in an 
outbreak of rabbit pasteurellosis. Journal of Veterinary Medical Science, 63(2), 
171-174. 

 
Tanabe, S. (2002). Contamination and toxic effects of persistent endocrine disrupters 

in marine mammals and birds. Marine Pollution Bulletin, 45(1-12), 69-77. 
 
Taunde, P.A., Argenta, F.F., Bianchi, R.M., Cecco, B.S.D., Vielmo, A., Lopes, B.C., 

Siqueira, F.M., Andrade, C.P.D., Snel, G.G.M., Barros, C.S.L.D. and Sonne, L. 
(2019). Mannheimia haemolytica pleuropneumonia in goats associated with 
shipping stress. Ciência Rural, 49(1). 

 
Tausk, M., & De Visser, J. (1971). The role of progesterone in mammalian 

reproduction. 
 
Taylor, J. D., Fulton, R. W., Lehenbauer, T. W., Step, D. L., & Confer, A. W. (2010). 

The epidemiology of bovine respiratory disease: What is the evidence for 
predisposing factors? The Canadian Veterinary Journal, 51(10), 1095. 

 
Taylor, S. E., Burklund, L. J., Eisenberger, N. I., Lehman, B. J., Hilmert, C. J., & 

Lieberman, M. D. (2008). Neural bases of moderation of cortisol stress 
responses by psychosocial resources. Journal of Personality and Social 
Psychology, 95(1), 197. 

 
 



© C
OPYRIG

HT U
PM

 
152 

Taylor, S. E., Burklund, L. J., Eisenberger, N. I., Lehman, B. J., Hilmert, C. J., & 
Lieberman, M. D. (2008). Neural bases of moderation of cortisol stress 
responses by psychosocial resources. Journal of Personality and Social 
Psychology, 95(1), 197. 

 
Terzano, G. M., Barile, V. L., & Borghese, A. (2012). Overview on reproductive 

endocrine aspects in buffalo. Journal of Buffalo Science, 1(2). 
 
Thornton, P. K., van de Steeg, J., Notenbaert, A., & Herrero, M. (2009). The impacts 

of climate change on livestock and livestock systems in developing countries: A 
review of what we know and what we need to know.  Agricultural Systems, 
101(3), 113-127. 

 
Timsit, E., Christensen, H., Bareille, N., Seegers, H., Bisgaard, M., & Assié, S. (2013). 

Transmission dynamics of mannheimia haemolytica in newly-received beef 
bulls at fattening operations. Veterinary Microbiology, 161(3-4), 295-304. 

 
Tothova, C., Nagy, O., & Kovac, G. (2014). Acute phase proteins and their use in the 

diagnosis of diseases in ruminants: a review. Veterinarni Medicina, 59(4). 
 
Traynor, T. R., & Huffnagle, G. B. (2001). Role of chemokines in fungal infections. 

Medical Mycology, 39(1), 41-50. 
 
Tribouillard-Tanvier, D., Race, B., Striebel, J. F., Carroll, J. A., Phillips, K., & 

Chesebro, B. (2012). Early cytokine elevation, PrPres deposition, and gliosis in 
mouse scrapie: no effect on disease by deletion of cytokine genes IL-12p40 and 
IL-12p35. Journal of Virology, 86(19), 10377-10383. 

 
Tubiello, F., Schmidhuber, J., Howden, M., Neofotis, P. G., Park, S., Fernandes, E., 

& Thapa, D. (2008). Climate change response strategies for agriculture: 
challenges and opportunities for the 21st century. Agriculture and Rural 
Development Discussion Paper, 42. 

 
Ulutas, P. A., & Ozpinar, A. (2006). Effect of mannheimia (pasteurella) haemolytica 

infection on acute-phase proteins and some mineral levels in colostrum–breast 
milk-fed or colostrum–breast milk-deprived sheep. Veterinary Research 
Communications, 30(5), 485-495. 

 
Umar, R., Kamarudin, M. K. A., Wan, N. N., Yusra, A. I., Juahir, H., Razali, M. R., 

& Anua, A. I. (2018). Assessment of AHP for optical observatory and new moon 
sighting sites in peninsular of Malaysia. Journal of Fundamental and Applied 
Sciences, 10(1S), 432-444. 

 
Unluhizarci, K., Bayram, F., Çolak, R., Öztürk,  F.,  Selçuklu,  A.,  Durak,  A.  C., & 

Keleştimur, F. (2001). Distinct radiological and clinical appearance of 
lymphocytic hypophysitis. The Journal of Clinical Endocrinology & 
Metabolism, 86(5), 1861-1864. 

 
 



© C
OPYRIG

HT U
PM

 
153 

Van Snick, J. (1990). Interleukin-6: an overview. Annual Review of Immunology, 8(1), 
253-278. 

 
Venkatasivakumar, R., Reddy, B. S., Reddy, B. S. S., & Reddy, T. N. (2018). 

Pneumonic pasteurellosis in a sheep flock and its management. Research & 
Reviews: Journal of Veterinary Science and Technology, 5(1), 13-14. 

 
Vital, V. R., Téllez, S. V., Hinojosa, J. C., Ortiz, J. R. M., Chavarría, M. O., & Reyes, 
 
Walkey, A. J., Summer, R., Ho, V., & Alkana, P. (2012). Acute respiratory distress 

syndrome: epidemiology and management approaches. Clinical Epidemiology, 
4, 159. 

 
Wang, Z. C., Yunis, E. J., De los Santos, M. J., Xiao, L., Anderson, D. J., & Hill, J. 

A. (2002). T helper 1-type immunity to trophoblast antigens in women with a 
history of recurrent pregnancy loss is associated with polymorphism of the IL1B 
promoter region. Genes and Immunity, 3(1), 38. 

 
Watts, J. L., & Sweeney, M. T. (2010). Antimicrobial resistance in bovine respiratory 

disease pathogens: measures, trends, and impact on efficacy. Veterinary Clinics: 
Food Animal Practice, 26(1), 79-88. 

 
Wehausen, J. D., Kelley, S. T., & Ramey, R. R. (2011). Domestic sheep, bighorn 

sheep, and  respiratory  disease:  a  review   of   the   experimental   evidence. 
California Fish and Game, 97(1), 7-24. 

 
Werling, D., Sutter, F., Arnold, M., Kun, G., Tooten, P.C.J., Gruys, E., Kreuzer, M. 

and Langhans, W. (1996). Characterisation of the acute phase response of heifers 
to a prolonged low dose infusion of lipopolysaccharide. Research in Veterinary 
Science, 61(3), 252-257. 

 
Wilkie, I. W., Harper, M., Boyce, J. D., & Adler, B. (2012). Pasteurella multocida: 

diseases and pathogenesis. In pasteurella multocida (pp. 1-22). Springer, Berlin, 
Heidelberg. 

 
Wilkinson, J. R. C. (2009). The biostimulatory effect of bulls on postpartum follicular 

wave development in postpartum, anestrous, suckled beef cows (Doctoral 
dissertation, Montana State University-Bozeman, College of Agriculture). 

 
Wilson, J. W., Schurr, M. J., LeBlanc, C. L., Ramamurthy, R., Buchanan, K. L., & 

Nickerson, C. A. (2002). Mechanisms of bacterial pathogenicity. Postgraduate 
Medical Journal, 78(918), 216-224. 

 
Wira, C. R., Grant  Tschudy, K. S., & Crane  Godreau, M. A. (2005). Epithelial 

cells in the female reproductive tract: a central role as sentinels of immune 
protection. American Journal of Reproductive Immunology, 53(2), 65-76. 

 
Wong, C. L., Venneker, R., Uhlenbrook, S., Jamil, A. B. M., & Zhou, Y. (2009). 

Variability of rainfall in peninsular Malaysia. Hydrology and Earth System 



© C
OPYRIG

HT U
PM

 
154 

Sciences Discussions, 6(4), 5471-5503. 
 
Woodward, E.M., Christoffersen, M., Campos, J., Betancourt, A., Horohov, D., 

Scoggin, K.E., Squires, E.L. and Troedsson, M.H., (2013). Endometrial 
inflammatory markers of the early immune response in mares susceptible or 
resistant to persistent breeding-induced endometritis. Reproduction, 145(3), 
289-296. 

 
Writing Group for the PEPI Trial. (1995). Effects of estrogen or estrogen/progestin 

regimens on heart disease risk factors in postmenopausal women. The 
postmenopausal estrogen/progestin interventions (PEPI) Trial. Journal of the 
American Medical Association, 273(3), 199-208. 

 
Wu, T., Flowers, J. W., Tudiver, F., Wilson, J. L., & Punyasavatsut, N. (2006). 

Subclinical thyroid disorders and cognitive performance among adolescents in 
the United States. BMC Pediatrics, 6(1), 12. 

 
Xu, D., Xiong, H., Xiao, Z., He, J., Liao, Q., Xue, L., & Yang, Q. (2015). Uterine 

cytokine profile in a rat model of endometritis. American Journal of 
Reproductive Immunology, 73(3), 214-220. 

 
Yazdanbakhsh, M., Kremsner, P. G., & Van Ree, R. (2002). Allergy, parasites, and 

the hygiene hypothesis. Science, 296(5567), 490-494. 
 
Yendra, R., Zin, W. Z. W., Jemain, A. A., & Fudholi, A. (2017). Spatial analysis of 

storm behavior in peninsular malaysia during monsoon seasons. International 
Journal of Applied Engineering Research, 12(10), 2559-2566. 

 
Yoshiura, Y., Suetake, H., & Aida, K. (1999). Duality of gonadotropin in a primitive 

teleost, Japanese eel (Anguilla japonica). General and Comparative 
Endocrinology, 114(1), 121-131. 

 
Youssef, M. A., El-khodery, S. A., & Abdo, M. (2015). A comparative study on 

selected acute-phase proteins (APPs) and immunoglobulins in buffalo and 
bovine calves with respiratory disease. Comparative Clinical Pathology, 24(3), 
515-520. 

 
Yusoff, M. A., Man, N., & Nawi, N. M. (2016). Exploring critical success factors for 

stakeholder management in small ruminant farming. Journal of Advanced 
Agricultural Technologies Vol, 3(4). 

 
Zamri  Saad, M., & Mera, H. R. (2001). The effect of pasteurella haemolytica A2 

infection on phagocytosis efficiency of caprine broncho  alveolar macrophages. 
Journal of Veterinary Medicine, Series B, 48(7), 513-518. 

 
Zamri-Saad, M., & Effendy, A. W. M. (1999). The effects of dexamethasone on the 

response of bronchus-associated lymphoid tissue to intranasal administration of 
formalin-killed pasteurella haemolytica A2 in goats. Veterinary Research 
Communications, 23(8), 467-473. 



© C
OPYRIG

HT U
PM

 
155 

Zamri-Saad, M., & Shafarin, M. S. (2007). Response of goats to the different routes 
of infection by pasteurella multocida B:2. Journal of Animal and Veterinary 
Advances, 6(3), 340-343. 

 
Zamri-Saad, M., Effendy, A. W. M., Maswati, M. A., Salim, N., & Sheikh-Omar, A.R. 

(1996). The goat as a model for studies of pneumonic pasteurellosis caused by 
pasteurella multocida. British Veterinary Journal, 152(4), 453-458. 

 
Zamri-Saad, M., Ernie, Z. A., & Sabri, M. Y. (2006). Protective effect following 

intranasal exposure of goats to live pasteurella multocida B:2. Tropical Animal 
Health and Production, 38(7-8), 541-546. 

 
Zamri-Saad, M., Jasni, S., Nurida, A. B., & Sheikh-Omar, A. R. (1991). Experimental 

infection of dexamethasone-treated goats with pasteurella haemolytica A2. 
British Veterinary Journal, 147(6), 565-568. 

 
Zamri-Saad, M., Subramaniam, P., Sheikh-Omar, A. R., Sani, R. A., & Rasedee, A. 

(1994). The role of concurrent haemonchosis in the development of pneumonic 
pasteurellosis in goats. Veterinary Research Communications, 18(2), 119-122. 

 
Zecchinon, L., Fett, T., & Desmecht, D. (2005). How mannheimia haemolytica defeats 

host defence through a kiss of death mechanism. Veterinary Research, 36(2), 
133-156. 

 
Zhang, W., Liu, X., Liu, M., Ma, B., Xu, L., & Wang, J. (2017). Development of a 

multiplex PCR for simultaneous detection of pasteurella multocida, mannheimia 
haemolytica and trueperella pyogenes. Acta Veterinaria Hungarica, 65(3), 327-
339. 

 
Zhang, Y., Fear, D. J., Willis-Owen, S. A., Cookson, W. O., & Moffatt, M. F. (2016). 

Global gene regulation during activation of immunoglobulin class switching in 
human B cells. Scientific Reports, 6, 37988. 

 
Zin, W. Z. W., Jamaludin, S., Deni, S. M., & Jemain, A. A. (2010). Recent changes in 

extreme rainfall events in peninsular Malaysia: 1971–2005. Theoretical and 
Applied Climatology, 99(3-4), 303.  

 
 
 
 
 
 
 
 
 
 
 
 
 




