
 
 

 

 African Journal of 

Microbiology Research 

  Volume 9 Number 26, 1 July, 2015 

ISSN  1996-0808 



 

ABOUT AJMR 
 

The African Journal of Microbiology Research (AJMR) (ISSN 1996-0808) is published Weekly (one volume per 
year) by Academic Journals. 

 
African Journal of Microbiology Research (AJMR) provides rapid publication (weekly) of articles in all areas of 
Microbiology such as: Environmental Microbiology, Clinical Microbiology, Immunology, Virology, Bacteriology, 
Phycology, Mycology and Parasitology, Protozoology, Microbial Ecology, Probiotics and Prebiotics, Molecular 
Microbiology, Biotechnology, Food Microbiology, Industrial Microbiology, Cell Physiology, Environmental 
Biotechnology, Genetics, Enzymology, Molecular and Cellular Biology, Plant Pathology, Entomology, Biomedical 
Sciences, Botany and Plant Sciences, Soil and Environmental Sciences, Zoology, Endocrinology, Toxicology. The 
Journal welcomes the submission of manuscripts that meet the general criteria of significance and scientific 
excellence. Papers will be published shortly after acceptance. All articles are peer-reviewed. 

 

Submission of Manuscript 
 

Please read the Instructions for Authors before submitting your manuscript. The manuscript files should be given 
the last name of the first author 
 
Click here to Submit manuscripts online 
  
If you have any difficulty using the online submission system, kindly submit via this email 
ajmr@academicjournals.org. 
  
With questions or concerns, please contact the Editorial Office at ajmr@academicjournals.org. 

http://ms.academicjournals.org/


 

Editors 
 
Prof. Dr. Stefan Schmidt, 
Applied and Environmental Microbiology 
School of Biochemistry, Genetics and Microbiology 
University of KwaZulu-Natal 
Private Bag X01 
Scottsville, Pietermaritzburg 3209 
South Africa. 
 
Prof. Fukai Bao 
Department of Microbiology and Immunology 
Kunming Medical University 
Kunming 650031,  
China 
 
Dr. Jianfeng Wu 
Dept. of Environmental Health Sciences, 
School of Public Health, 
University of Michigan  
USA 
 
Dr. Ahmet Yilmaz Coban 
OMU Medical School,  
Department of Medical Microbiology,  
Samsun,  
Turkey 
 
Dr. Seyed Davar Siadat 
Pasteur Institute of Iran,  
Pasteur Square, Pasteur Avenue,  
Tehran, 
Iran. 
 
Dr. J. Stefan Rokem 
The Hebrew University of Jerusalem 
Department of Microbiology and Molecular Genetics,  
P.O.B. 12272, IL-91120 Jerusalem,  
Israel 
 
Prof. Long-Liu Lin 
National Chiayi University 
300 Syuefu Road,  
Chiayi,  
Taiwan 
 
N. John Tonukari, Ph.D 
Department of Biochemistry 
Delta State University 
PMB 1 
Abraka, Nigeria 
 
 
 
 
 

 
 
 
Dr. Thaddeus Ezeji 
Assistant Professor 
Fermentation and Biotechnology Unit 
Department of Animal Sciences 
The Ohio State University 
1680 Madison Avenue 
USA. 
 

Associate Editors 
 
Dr. Mamadou Gueye 
MIRCEN/ Laboratoire commun de microbiologie  
IRD-ISRA-UCAD, BP 1386,  
DAKAR, Senegal. 
 
Dr. Caroline Mary Knox 
Department of Biochemistry, Microbiology and 
Biotechnology 
Rhodes University 
Grahamstown 6140 
South Africa. 
 
Dr. Hesham Elsayed Mostafa 
Genetic Engineering and Biotechnology Research 
Institute (GEBRI) 
Mubarak City For Scientific Research,  
Research Area, New Borg El-Arab City, 
Post Code 21934, Alexandria, Egypt. 
 
Dr. Wael Abbas El-Naggar 
Head of Microbiology Department,  
Faculty of Pharmacy,  
Mansoura University,  
Mansoura 35516, Egypt. 
 
Dr. Abdel Nasser A. El-Moghazy 
Microbiology, Molecular Biology, Genetics Engineering 
and Biotechnology 
Dept of Microbiology and Immunology  
Faculty of Pharmacy 
Al-Azhar University  
Nasr city,  
Cairo, Egypt 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
Dr. Barakat S.M. Mahmoud 
Food Safety/Microbiology 
Experimental Seafood Processing Laboratory 
Costal Research and Extension Center 
Mississippi State University 
3411 Frederic Street 
Pascagoula, MS 39567 
USA 
 
Prof. Mohamed Mahrous Amer 
Poultry Disease (Viral Diseases of poultry) 
Faculty of Veterinary Medicine,  
Department of Poultry Diseases 
Cairo university 
Giza, Egypt 
 
Dr. Xiaohui Zhou 
Molecular Microbiology, Industrial Microbiology, 
Environmental Microbiology, Pathogenesis, Antibiotic 
resistance, Microbial Ecology 
Washington State University 
Bustad Hall 402 Department of Veterinary 
Microbiology and Pathology, Pullman,  
USA 
 
Dr. R. Balaji Raja 
Department of Biotechnology, 
School of Bioengineering, 
SRM University, 
Chennai 
India 
 
Dr. Aly E Abo-Amer 
Division of Microbiology, Botany Department, Faculty 
of Science, Sohag University. 
Egypt. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Editorial Board 

 
Dr. Haoyu Mao 
Department of Molecular Genetics and Microbiology 
College of Medicine 
University of Florida 
Florida, Gainesville 
USA. 
 
Dr. Rachna Chandra 
Environmental Impact Assessment Division 
Environmental Sciences 
Sálim Ali Center for Ornithology and Natural History 
(SACON), 
Anaikatty (PO), Coimbatore-641108, India 
 
Dr. Yongxu Sun 
Department of Medicinal Chemistry and 
Biomacromolecules  
Qiqihar Medical University, Qiqihar 161006  
Heilongjiang Province  
P.R. China 
 
Dr. Ramesh Chand Kasana 
Institute of Himalayan Bioresource Technology 
Palampur, Distt. Kangra (HP),  
India 
 
Dr. S. Meena Kumari 
Department of Biosciences 
Faculty of Science 
University of Mauritius 
Reduit 
 
Dr. T. Ramesh 
Assistant Professor 
Marine Microbiology 
CAS in Marine Biology 
Faculty of Marine Sciences 
Annamalai University 
Parangipettai - 608 502 
Cuddalore Dist. Tamilnadu,  
India 
 
Dr. Pagano Marcela Claudia 
Post doctoral fellowship at Department of Biology,  
Federal University of Ceará - UFC,  
Brazil. 
 
 
 
 
 
 
 
 



 
 
Dr. EL-Sayed E. Habib 
Associate Professor,  
Dept. of Microbiology,  
Faculty of Pharmacy,  
Mansoura University,  
Egypt. 
 
Dr. Pongsak Rattanachaikunsopon 
Department of Biological Science, 
Faculty of Science, 
Ubon Ratchathani University, 
Warin Chamrap, Ubon Ratchathani 34190, 
Thailand 
 
Dr. Gokul Shankar Sabesan 
Microbiology Unit, Faculty of Medicine,  
AIMST University 
Jalan Bedong, Semeling 08100,  
Kedah,  
Malaysia 
 
Dr. Kwang Young Song 
Department of Biological Engineering,  
School of Biological and Chemical Engineering,  
Yanbian Universityof Science and Technology,  
Yanji,  
China. 
 
Dr. Kamel Belhamel 
Faculty of Technology,  
University of Bejaia 
Algeria 
 
Dr. Sladjana Jevremovic 
Institute for Biological Research  
Sinisa Stankovic,  
Belgrade, 
Serbia 
 
Dr. Tamer Edirne 
Dept. of Family Medicine, Univ. of Pamukkale 
Turkey 
 
Dr. R. Balaji Raja M.Tech (Ph.D) 
Assistant Professor, 
Department of Biotechnology, 
School of Bioengineering, 
SRM University, 
Chennai. 
India 
 
Dr. Minglei Wang 
University of Illinois at Urbana-Champaign,USA 
 
 

 
 
Dr. Mohd Fuat ABD Razak 
Institute for Medical Research 
Malaysia 
 
Dr. Davide Pacifico 
Istituto di Virologia Vegetale – CNR 
Italy 
 
Prof. Dr. Akrum Hamdy 
Faculty of Agriculture, Minia University, Egypt 
Egypt 
 
Dr. Ntobeko A. B. Ntusi 
Cardiac Clinic, Department of Medicine,  
University of Cape Town and  
Department of Cardiovascular Medicine,  
University of Oxford 
South Africa and  
United Kingdom 
 
Prof. N. S. Alzoreky 
Food Science & Nutrition Department,  
College of Agricultural Sciences & Food,  
King Faisal University, 
Saudi Arabia 
 
Dr. Chen Ding 
College of Material Science and Engineering,  
Hunan University, 
China 
 
Dr Svetlana Nikolić 
Faculty of Technology and Metallurgy,  
University of Belgrade, 
Serbia 
 
Dr. Sivakumar Swaminathan 
Department of Agronomy,  
College of Agriculture and Life Sciences,  
Iowa State University,  
Ames, Iowa 50011    
USA 
 
Dr. Alfredo J. Anceno 
School of Environment, Resources and Development 
(SERD),  
Asian Institute of Technology, 
Thailand 
 
Dr. Iqbal Ahmad 
Aligarh Muslim University,  
Aligrah 
India 
 
 



 
 
Dr. Josephine Nketsia-Tabiri 
Ghana Atomic Energy Commission 
Ghana 
 
Dr. Juliane Elisa Welke 
UFRGS – Universidade Federal do Rio  
Grande do Sul 
Brazil 
 
Dr. Mohammad Nazrul Islam 
NIMR; IPH-Bangalore & NIUM 
Bangladesh 
 
Dr. Okonko, Iheanyi Omezuruike 
Department of Virology,  
Faculty of Basic Medical Sciences,  
College of Medicine,  
University of Ibadan,  
University College Hospital,  
Ibadan, 
Nigeria 
 
Dr. Giuliana Noratto 
Texas A&M University 
USA 
 
Dr. Phanikanth Venkata Turlapati 
Washington State University 
USA 
 
Dr. Khaleel I. Z. Jawasreh 
National Centre for Agricultural Research and 
Extension, NCARE 
Jordan 
 
Dr. Babak Mostafazadeh, MD 
Shaheed Beheshty University of Medical Sciences 
Iran 
 
Dr. S. Meena Kumari 
Department of Biosciences 
Faculty of Science 
University of Mauritius 
Reduit 
Mauritius 
 
Dr. S. Anju 
Department of Biotechnology,  
SRM University, Chennai-603203 
India 
 
Dr. Mustafa Maroufpor 
Iran 
 
 

 
 
Prof. Dong Zhichun 
Professor, Department of Animal Sciences and 
Veterinary Medicine,  
Yunnan Agriculture University,  
China 
 
Dr. Mehdi Azami 
Parasitology & Mycology Dept,  
Baghaeei Lab.,  
Shams Abadi St.  
Isfahan 
Iran 
 
Dr. Anderson de Souza Sant’Ana 
University of São Paulo. 
Brazil. 
 
Dr. Juliane Elisa Welke 
UFRGS – Universidade Federal do Rio Grande do Sul 
Brazil 
 
Dr. Paul Shapshak 
USF Health,  
Depts. Medicine (Div. Infect. Disease & Internat Med) 
and Psychiatry & Beh Med. 
USA 
 
Dr. Jorge Reinheimer 
Universidad Nacional del Litoral (Santa Fe) 
Argentina 
 
Dr. Qin Liu 
East China University of Science  
and Technology 
China 
 
Dr. Xiao-Qing Hu 
State Key Lab of Food Science and Technology 
Jiangnan University 
P. R. China 
 
Prof. Branislava Kocic 
Specaialist of Microbiology and Parasitology  
University of Nis, School of Medicine Institute  
for Public Health Nis, Bul. Z. Djindjica 50, 18000 Nis  
Serbia 
 
Dr. Rafel Socias 
CITA de Aragón,  
Spain 
 
 
 
 
 



 
 
Prof. Kamal I. Mohamed 
State University of New York at Oswego 
USA 
 
Dr. Adriano Cruz 
Faculty of Food Engineering-FEA 
University of Campinas (UNICAMP)  
Brazil 
 
Dr. Mike Agenbag (Michael Hermanus Albertus) 
Manager Municipal Health Services,  
Joe Gqabi District Municipality 
South Africa 
 
Dr. D. V. L. Sarada 
Department of Biotechnology, 
SRM University, Chennai-603203 
India. 
 
Dr. Samuel K Ameyaw 
Civista Medical Center 
United States of America 
 
Prof. Huaizhi Wang 
Institute of Hepatopancreatobiliary  
Surgery of PLA Southwest Hospital,  
Third Military Medical University 
Chongqing400038  
P. R. China 
 
Prof. Bakhiet AO 
College of Veterinary Medicine, Sudan  
University of Science and Technology 
Sudan 
 
Dr. Saba F. Hussain 
Community, Orthodontics and Peadiatric Dentistry 
Department 
Faculty of Dentistry 
Universiti Teknologi MARA 
40450 Shah Alam, Selangor 
Malaysia 
 
Prof. Dr. Zohair I.F.Rahemo 
State Key Lab of Food Science and Technology 
Jiangnan University 
P. R. China 
 
Dr. Afework Kassu 
University of Gondar 
Ethiopia 
 
 
 
 

 
 
Prof. Isidro A. T. Savillo 
ISCOF 
Philippines 
 
Dr. How-Yee Lai 
Taylor’s University College 
Malaysia 
 
Dr. Nidheesh Dadheech 
MS. University of Baroda, Vadodara, Gujarat, India. 
India 
 
Dr. Omitoyin Siyanbola 
Bowen University,  
Iwo 
Nigeria 
 
Dr. Franco Mutinelli 
Istituto Zooprofilattico Sperimentale delle Venezie 
Italy 
 
Dr. Chanpen Chanchao 
Department of Biology,  
Faculty of Science,  
Chulalongkorn University 
Thailand 
 
Dr. Tsuyoshi Kasama 
Division of Rheumatology,  
Showa University 
Japan 
 
Dr. Kuender D. Yang, MD. 
Chang Gung Memorial Hospital 
Taiwan 
 
Dr. Liane Raluca Stan 
University Politehnica of Bucharest,  
Department of Organic Chemistry “C.Nenitzescu” 
Romania 
 
Dr. Muhamed Osman 
Senior Lecturer of Pathology & Consultant 
Immunopathologist 
Department of Pathology, 
Faculty of Medicine, 
Universiti Teknologi MARA, 
40450 Shah Alam, Selangor 
Malaysia 
 
Dr. Mohammad Feizabadi 
Tehran University of medical Sciences 
Iran 
 
 



 
 
Prof. Ahmed H Mitwalli 
State Key Lab of Food Science and Technology 
Jiangnan University 
P. R. China 
 
Dr. Mazyar Yazdani 
Department of Biology, 
University of Oslo,  
Blindern,  
Oslo, 
Norway 
 
Dr. Ms. Jemimah Gesare Onsare 
Ministry of Higher, Education  
Science and Technology 
Kenya 
 
Dr. Babak Khalili Hadad 
Department of Biological Sciences,  
Roudehen Branch,  
Islamic Azad University,  
Roudehen 
Iran 
 
Dr. Ehsan Sari 
Department of Plan Pathology,  
Iranian Research Institute of Plant Protection,  
Tehran, 
Iran. 
 
Dr. Snjezana Zidovec Lepej 
University Hospital for Infectious Diseases  
Zagreb, 
Croatia 
 
Dr. Dilshad Ahmad 
King Saud University 
Saudi Arabia 
 
Dr. Adriano Gomes da Cruz 
University of Campinas (UNICAMP) 
Brazil 
 
Dr. Hsin-Mei Ku 
Agronomy Dept. NCHU 250 Kuo  
Kuang Rd, Taichung, 
Taiwan 
 
Dr. Fereshteh Naderi 
Physical chemist,  
Islamic Azad University,  
Shahre Ghods Branch 
Iran 
 
 

 
 
Dr. Adibe Maxwell Ogochukwu 
Department of Clinical Pharmacy and Pharmacy 
Management,  
University of Nigeria,  
Nsukka. 
Nigeria 
 
Dr. William M. Shafer 
Emory University School of Medicine 
USA 
 
Dr. Michelle Bull 
CSIRO Food and Nutritional Sciences 
Australia 
 
Prof. Dr. Márcio Garcia Ribeiro (DVM, PhD) 
School of Veterinary Medicine and Animal Science- 
UNESP, 
Dept. Veterinary Hygiene and Public Health,  
State of Sao Paulo 
Brazil 
 
Prof. Dr. Sheila Nathan 
National University of Malaysia (UKM) 
Malaysia 
 
Prof. Ebiamadon Andi Brisibe 
University of Calabar,  
Calabar, 
Nigeria 
 
Dr. Julie Wang 
Burnet Institute 
Australia 
 
Dr. Jean-Marc Chobert 
INRA- BIA, FIPL 
France 
 
Dr. Zhilong Yang, PhD 
Laboratory of Viral Diseases 
National Institute of Allergy and Infectious Diseases,  
National Institutes of Health 
 
Dr. Dele Raheem 
University of Helsinki 
Finland 
 
Dr. Li Sun 
PLA Centre for the treatment of infectious diseases,  
Tangdu Hospital,  
Fourth Military Medical University 
China 
 
 



 
 
Dr. Biljana Miljkovic-Selimovic 
School of Medicine,  
University in Nis,  
Serbia; Referent laboratory for Campylobacter and 
Helicobacter,  
Center for Microbiology,  
Institute for Public Health, Nis 
Serbia 
 
Dr. Xinan Jiao 
Yangzhou University 
China 
 
Dr. Endang Sri Lestari, MD. 
Department of Clinical Microbiology,  
Medical Faculty,  
Diponegoro University/Dr. Kariadi Teaching Hospital,  
Semarang 
Indonesia 
 
Dr. Hojin Shin 
Pusan National University Hospital 
South Korea 
 
Dr. Yi Wang 
Center for Vector Biology, 180 Jones Avenue 
Rutgers University, New Brunswick, NJ 08901-8536 
USA 
 
Dr. Heping Zhang 
The Key Laboratory of Dairy Biotechnology and 
Engineering,  
Ministry of Education,  
Inner Mongolia Agricultural University. 
China 
 
Prof. Natasha Potgieter 
University of Venda 
South Africa 
 
Dr. Alemzadeh 
Sharif University 
Iran 
 
Dr. Sonia Arriaga 
Instituto Potosino de Investigación Científicay 
Tecnológica/División de Ciencias Ambientales 
Mexico 
 
Dr. Armando Gonzalez-Sanchez 
Universidad Autonoma Metropolitana Cuajimalpa 
Mexico 
 
 
 

 
 
Dr. Pradeep Parihar 
Lovely Professional University, Phagwara, Punjab. 
India 
 
Dr. William H Roldán 
Department of Medical Microbiology,  
Faculty of Medicine, 
Peru 
 
Dr. Kanzaki, L I B 
Laboratory of Bioprospection. University of Brasilia 
Brazil 
 
Prof. Philippe Dorchies 
Laboratory of Bioprospection. University of Brasilia 
Brazil 
 
Dr. C. Ganesh Kumar 
Indian Institute of Chemical Technology,  
Hyderabad 
India 
 
Dr. Farid Che Ghazali 
Universiti Sains Malaysia (USM) 
Malaysia 
 
Dr. Samira Bouhdid 
Abdelmalek Essaadi University,  
Tetouan, 
Morocco 
 
Dr. Zainab Z. Ismail 
Department of Environmental Engineering, University 
of Baghdad. 
Iraq 
 
Dr. Ary Fernandes Junior 
Universidade Estadual Paulista (UNESP) 
Brasil 
 
Dr. Papaevangelou Vassiliki 
Athens University Medical School 
Greece 
 
Dr. Fangyou Yu 
The first Affiliated Hospital of Wenzhou Medical 
College 
China 
 
Dr. Galba Maria de Campos Takaki 
Catholic University of Pernambuco 
Brazil 
 
 
 



 
 
Dr. Kwabena Ofori-Kwakye 
Department of Pharmaceutics, 
Kwame Nkrumah University of Science & Technology, 
KUMASI 
Ghana 
 
Prof. Dr. Liesel Brenda Gende 
Arthropods Laboratory, School of Natural and Exact 
Sciences, National University of Mar del Plata 
Buenos Aires, 
Argentina. 
 
Dr. Adeshina Gbonjubola 
Ahmadu Bello University, 
Zaria. 
Nigeria 
 
Prof. Dr. Stylianos Chatzipanagiotou 
University of Athens – Medical School 
Greec 
 
Dr. Dongqing BAI 
Department of Fishery Science, 
Tianjin Agricultural College, 
Tianjin 300384 
P. R. China 
 
Dr. Dingqiang Lu 
Nanjing University of Technology 
P.R. China 
 
Dr. L. B. Sukla 
Scientist –G & Head, Biominerals Department, 
IMMT, Bhubaneswar 
India 
 
Dr. Hakan Parlakpinar 
MD. Inonu University, Medical Faculty, Department 
of Pharmacology, Malatya 
Turkey 
 
Dr Pak-Lam Yu 
Massey University 
New Zealand 
 
Dr Percy Chimwamurombe 
University of Namibia 
Namibia 
 
Dr. Euclésio Simionatto 
State University of Mato Grosso do Sul-UEMS 
Brazil 
 
 
 

 
 
Dr. Hans-Jürg Monstein 
Clinical Microbiology, Molecular Biology Laboratory, 
University Hospital, Faculty of Health Sciences, S-581 
85 Linköping 
Sweden 
 
Dr. Ajith, T. A 
Associate Professor Biochemistry, Amala Institute of 
Medical Sciences, Amala Nagar, Thrissur, Kerala-680 
555 
India 
 
Dr. Feng-Chia Hsieh 
Biopesticides Division, Taiwan Agricultural Chemicals 
and Toxic Substances Research Institute, Council of 
Agriculture 
Taiwan 
 
Prof. Dra. Suzan Pantaroto de Vasconcellos 
Universidade Federal de São Paulo 
Rua Prof. Artur Riedel, 275 Jd. Eldorado, Diadema, SP 
CEP 09972-270 
Brasil 
 
Dr. Maria Leonor Ribeiro Casimiro Lopes Assad 
Universidade Federal de São Carlos - Centro de 
Ciências Agrárias - CCA/UFSCar 
Departamento de Recursos Naturais e Proteção 
Ambiental 
Rodovia Anhanguera, km 174 - SP-330 
Araras - São Paulo 
Brasil 
 
Dr. Pierangeli G. Vital 
Institute of Biology, College of Science, University of 
the Philippines 
Philippines 
 
Prof. Roland Ndip 
University of Fort Hare, Alice 
South Africa 
 
Dr. Shawn Carraher  
University of Fort Hare, Alice 
South Africa 
 
Dr. José Eduardo Marques Pessanha 
Observatório de Saúde Urbana de Belo 
Horizonte/Faculdade de Medicina da Universidade 
Federal de Minas Gerais 
Brasil 
 
 
 
 



Dr. Yuanshu Qian 
Department of Pharmacology, Shantou University 
Medical College 
China 
 
Dr. Helen Treichel 
URI-Campus de Erechim 
Brazil 
 
Dr. Xiao-Qing Hu 
State Key Lab of Food Science and Technology 
Jiangnan University 
P. R. China 
 
Dr. Olli H. Tuovinen 
Ohio State University, Columbus, Ohio 
USA 
 
Prof. Stoyan Groudev 
University of Mining and Geology “Saint Ivan Rilski” 
Sofia 
Bulgaria 
 
Dr. G. Thirumurugan 
Research lab, GIET School of Pharmacy, NH-5, 
Chaitanya nagar, Rajahmundry-533294. 
India 
 
Dr. Charu Gomber 
Thapar University 
India 
 
Dr. Jan Kuever 
Bremen Institute for Materials Testing, 
Department of Microbiology, 
Paul-Feller-Str. 1, 28199 Bremen 
Germany 
 
Dr. Nicola S. Flanagan 
Universidad Javeriana, Cali 
Colombia 
 
Dr. André Luiz C. M. de A. Santiago 
Universidade Federal Rural de Pernambuco 
Brazil 
 
Dr. Dhruva Kumar Jha 
Microbial Ecology Laboratory, 
Department of Botany, 
Gauhati University, 
Guwahati 781 014, Assam 
India 
 
 
 
 
 

Dr. N Saleem Basha 
M. Pharm (Pharmaceutical Biotechnology) 
Eritrea (North East Africa) 
  
Prof. Dr. João Lúcio de Azevedo 
Dept. Genetics-University of São Paulo-Faculty of 
Agriculture- Piracicaba, 13400-970 
Brasil 
  
Dr. Julia Inés Fariña 
PROIMI-CONICET 
Argentina 
  
Dr. Yutaka Ito 
Kyoto University 
Japan 
  
Dr. Cheruiyot K. Ronald 
Biomedical Laboratory Technologist 
Kenya 
  
Prof. Dr. Ata Akcil 
S. D. University 
Turkey 
  
Dr. Adhar Manna 
The University of South Dakota 
USA 
  
Dr. Cícero Flávio Soares Aragão 
Federal University of Rio Grande do Norte 
Brazil 
  
Dr. Gunnar Dahlen 
Institute of odontology, Sahlgrenska Academy at 
University of Gothenburg 
Sweden 
  
Dr. Pankaj Kumar Mishra 
Vivekananda Institute of Hill Agriculture, (I.C.A.R.), 
ALMORA-263601, Uttarakhand 
India 
 
Dr. Benjamas W. Thanomsub 
Srinakharinwirot University 
Thailand 
 
Dr. Maria José Borrego 
National Institute of Health – Department of Infectious 
Diseases 
Portugal 
 
 
 
 
 
 



Dr. Catherine Carrillo 
Health Canada, Bureau of Microbial Hazards 
Canada 
 
Dr. Marcotty Tanguy 
Institute of Tropical Medicine 
Belgium 
  
Dr. Han-Bo Zhang 
Laboratory of Conservation and Utilization for Bio-
resources 
Key Laboratory for Microbial Resources of the 
Ministry of Education, 
Yunnan University, Kunming 650091. 
School of Life Science, 
Yunnan University, Kunming, 
Yunnan Province 650091. 
China 
 
Dr. Ali Mohammed Somily 
King Saud University 
Saudi Arabia 
  
Dr. Nicole Wolter 
National Institute for Communicable Diseases and 
University of the Witwatersrand, 
Johannesburg 
South Africa 
  
Dr. Marco Antonio Nogueira 
Universidade Estadual de Londrina 
CCB/Depto. De microbiologia 
Laboratório de Microbiologia Ambiental 
Caixa Postal 6001 
86051-980 Londrina. 
Brazil 
  
Dr. Bruno Pavoni 
Department of Environmental Sciences University of 
Venice 
Italy 
  
Dr. Shih-Chieh Lee 
Da-Yeh University 
Taiwan 
  
Dr. Satoru Shimizu 
Horonobe Research Institute for the Subsurface 
Environment, 
Northern Advancement Center for Science & 
Technology 
Japan 
 
 
 
 
 

Dr. Tang Ming 
College of Forestry, Northwest A&F University, 
Yangling 
China 
 
Dr. Olga Gortzi 
Department of Food Technology, T.E.I. of Larissa 
Greece 
  
Dr. Mark Tarnopolsky 
Mcmaster University 
Canada 
  
Dr. Sami A. Zabin 
Al Baha University 
Saudi Arabia 
  
Dr. Julia W. Pridgeon 
Aquatic Animal Health Research Unit, USDA, ARS 
USA 
  
Dr. Lim Yau Yan 
Monash University Sunway Campus 
Malaysia 
 
Prof. Rosemeire C. L. R. Pietro 
Faculdade de Ciências Farmacêuticas de Araraquara, 
Univ Estadual Paulista, UNESP 
Brazil 
  
Dr. Nazime Mercan Dogan 
PAU Faculty of Arts and Science, Denizli 
Turkey 
  
Dr Ian Edwin Cock 
Biomolecular and Physical Sciences 
Griffith University 
Australia 
  
Prof. N K Dubey 
Banaras Hindu University 
India 
  
Dr. S. Hemalatha 
Department of Pharmaceutics, Institute of 
Technology, 
Banaras Hindu University, Varanasi. 221005 
India 
 
Dr. J. Santos Garcia A. 
Universidad A. de Nuevo Leon 
Mexico India 
 
 
 
 
 



Dr. Somboon Tanasupawat 
Department of Biochemistry and Microbiology, 
Faculty of Pharmaceutical Sciences, 
Chulalongkorn University, 
Bangkok 10330 
Thailand 
 
Dr. Vivekananda Mandal 
Post Graduate Department of Botany, 
Darjeeling Government College, 
Darjeeling – 734101. 
India 
  
Dr. Shihua Wang 
College of Life Sciences, 
Fujian Agriculture and Forestry University 
China 
  
Dr. Victor Manuel Fernandes Galhano 
CITAB-Centre for Research and Technology of Agro-
Environment and Biological Sciences, Integrative 
Biology and Quality Research Group, 
University of Trás-os-Montes and Alto Douro, 
Apartado 1013, 5001-801 Vila Real 
Portugal 
  
Dr. Maria Cristina Maldonado 
Instituto de Biotecnologia. Universidad Nacional de 
Tucuman 
Argentina 
  
Dr. Alex Soltermann 
Institute for Surgical Pathology, 
University Hospital Zürich 
Switzerland 
  
Dr. Dagmara Sirova 
Department of Ecosystem Biology, Faculty Of Science, 
University of South Bohemia, 
Branisovska 37, Ceske Budejovice, 37001 
Czech Republic 
 
Dr. E. O Igbinosa 
Department of Microbiology, 
Ambrose Alli University, 
Ekpoma, Edo State, 
Nigeria. 
  
Dr. Hodaka Suzuki 
National Institute of Health Sciences 
Japan 
 
 
 
 
 
 

Dr. Mick Bosilevac 
US Meat Animal Research Center 
USA 
 
Dr. Nora Lía Padola 
Imunoquímica y Biotecnología- Fac Cs Vet-UNCPBA 
Argentina 
  
Dr. Maria Madalena Vieira-Pinto 
Universidade de Trás-os-Montes e Alto Douro 
Portugal 
  
Dr. Stefano Morandi 
CNR-Istituto di Scienze delle Produzioni Alimentari 
(ISPA), Sez. Milano 
Italy 
  
Dr Line Thorsen 
Copenhagen University, Faculty of Life Sciences 
Denmark 
  
Dr. Ana Lucia Falavigna-Guilherme 
Universidade Estadual de Maringá 
Brazil 
  
Dr. Baoqiang Liao 
Dept. of Chem. Eng., Lakehead University, 955 Oliver 
Road, Thunder Bay, Ontario 
Canada 
  
Dr. Ouyang Jinping 
Patho-Physiology department, 
Faculty of Medicine of Wuhan University 
China 
  
Dr. John Sorensen 
University of Manitoba 
Canada 
  
Dr. Andrew Williams 
University of Oxford 
United Kingdom 
  
Dr. Chi-Chiang Yang 
Chung Shan Medical University 
Taiwan, R.O.C. 
 
Dr. Quanming Zou 
Department of Clinical Microbiology and Immunology, 
College of Medical Laboratory, 
Third Military Medical University 
China 
 
 
 
 
 



Prof. Ashok Kumar 
School of Biotechnology, 
Banaras Hindu University, Varanasi 
India 
 
Dr. Chung-Ming Chen 
Department of Pediatrics, Taipei Medical University 
Hospital, Taipei 
Taiwan 
  
Dr. Jennifer Furin 
Harvard Medical School 
USA 
  
Dr. Julia W. Pridgeon 
Aquatic Animal Health Research Unit, USDA, ARS 
USA 
  
Dr Alireza Seidavi 
Islamic Azad University, Rasht Branch 
Iran 
  
Dr. Thore Rohwerder 
Helmholtz Centre for Environmental Research UFZ 
Germany 
  
Dr. Daniela Billi 
University of Rome Tor Vergat 
Italy 
  
Dr. Ivana Karabegovic 
Faculty of Technology, Leskovac, University of Nis 
Serbia 
  
Dr. Flaviana Andrade Faria 
IBILCE/UNESP 
Brazil 
  
Prof. Margareth Linde Athayde 
Federal University of Santa Maria 
Brazil 
 
Dr. Guadalupe Virginia Nevarez Moorillon 
Universidad Autonoma de Chihuahua 
Mexico 
  
Dr. Tatiana de Sousa Fiuza 
Federal University of Goias 
Brazil 
 
Dr. Indrani B. Das Sarma 
Jhulelal Institute of Technology, Nagpur 
India 
 
 
 
 

Dr. Guanghua Wang 
Northeast Institute of Geography and Agroecology, 
Chinese Academy of Sciences 
China 
 
Dr. Renata Vadkertiova 
Institute of Chemistry, Slovak Academy of Science 
Slovakia 
  
Dr. Charles Hocart 
The Australian National University 
Australia 
  
Dr. Guoqiang Zhu 
University of Yangzhou College of Veterinary Medicine 
China 
  
Dr. Guilherme Augusto Marietto Gonçalves 
São Paulo State University 
Brazil 
  
Dr. Mohammad Ali Faramarzi 
Tehran University of Medical Sciences 
Iran 
  
Dr. Suppasil Maneerat 
Department of Industrial Biotechnology, Faculty of 
Agro-Industry, Prince of Songkla University, Hat Yai 
90112 
Thailand 
  
Dr. Francisco Javier Las heras Vazquez 
Almeria University 
Spain 
 
Dr. Cheng-Hsun Chiu 
Chang Gung memorial Hospital, Chang Gung 
University 
Taiwan 
  
Dr. Ajay Singh 
DDU Gorakhpur University, Gorakhpur-273009 (U.P.) 
India 
  
Dr. Karabo Shale 
Central University of Technology, Free State 
South Africa 
 
Dr. Lourdes Zélia Zanoni 
Department of Pediatrics, School of Medicine, Federal 
University of Mato Grosso do Sul, Campo Grande, 
Mato Grosso do Sul 
Brazil 
 
 
 
 



Dr. Tulin Askun 
Balikesir University 
Turkey 
 
Dr. Marija Stankovic 
Institute of Molecular Genetics and Genetic 
Engineering 
Republic of Serbia 
  
Dr. Scott Weese 
University of Guelph 
Dept of Pathobiology, Ontario Veterinary College,  
University of Guelph,  
Guelph, Ontario, N1G2W1,  
Canada 
  
Dr. Sabiha Essack 
School of Health Sciences 
South African Committee of Health Sciences  
University of KwaZulu-Natal 
Private Bag X54001 
Durban 4000 
South Africa 
 
Dr. Hare Krishna 
Central Institute for Arid Horticulture,  
Beechwal, Bikaner-334 006, Rajasthan,  
India 
 
Dr. Anna Mensuali 
Dept. of Life Science,  
Scuola Superiore  
Sant’Anna 
 
Dr. Ghada Sameh Hafez Hassan 
Pharmaceutical Chemistry Department, 
Faculty of Pharmacy, Mansoura University,  
Egypt 
 
Dr. Kátia Flávia Fernandes 
Biochemistry and Molecular Biology 
Universidade Federal de Goiás 
Brasil 
 
Dr. Abdel-Hady El-Gilany 
Public Health & Community Medicine 
Faculty of Medicine,  
Mansoura University 
Egypt 
 
 
 
 
 
 
 
 

Dr. Hongxiong Guo 
STD and HIV/AIDS Control and Prevention,  
Jiangsu provincial CDC, 
China 
 
Dr. Konstantina Tsaousi 
Life and Health Sciences,  
School of Biomedical Sciences, 
University of Ulster 
 
Dr. Bhavnaben Gowan Gordhan 
DST/NRF Centre of Excellence for Biomedical TB 
Research 
University of the Witwatersrand and National Health 
Laboratory Service 
P.O. Box 1038, Johannesburg 2000,  
South Africa 
 
Dr. Ernest Kuchar 
Pediatric Infectious Diseases,  
Wroclaw Medical University,  
Wroclaw Teaching Hospital, 
Poland 
 
Dr. Hongxiong Guo 
STD and HIV/AIDS Control and Prevention,  
Jiangsu provincial CDC, 
China 
 
Dr. Mar Rodriguez Jovita 
Food Hygiene and Safety, Faculty of Veterinary 
Science.  
University of Extremadura, 
Spain 
 
Dr. Jes Gitz Holler 
Hospital Pharmacy,  
Aalesund. Central Norway Pharmaceutical Trust 
Professor Brochs gt. 6. 7030 Trondheim,  
Norway 
 
Prof. Chengxiang FANG 
College of Life Sciences,  
Wuhan University 
Wuhan 430072, P.R.China 
 
Dr. Anchalee Tungtrongchitr 
Siriraj Dust Mite Center for Services and Research 
Department of Parasitology,  
Faculty of Medicine Siriraj Hospital,  
Mahidol University 
2 Prannok Road, Bangkok Noi,  
Bangkok, 10700, Thailand



 

Instructions for Author 
 
 

Electronic submission of manuscripts is strongly 
encouraged, provided that the text, tables, and figures are 
included in a single Microsoft Word file (preferably in Arial 
font). 

 
The cover letter should include the corresponding author's 
full address and telephone/fax numbers and should be in 
an e-mail message sent to the Editor, with the file, whose 
name should begin with the first author's surname, as an 
attachment. 

 
Article Types 
Three types of manuscripts may be submitted: 

 
Regular articles: These should describe new and carefully 
confirmed findings, and experimental procedures should 
be given in sufficient detail for others to verify the work. 
The length of a full paper should be the minimum required 
to describe and interpret the work clearly. 
Short Communications: A Short Communication is suitable 
for recording the results of complete small investigations 
or giving details of new models or hypotheses, innovative 
methods, techniques or apparatus. The style of main 
sections need not conform to that of full-length papers. 
Short communications are 2 to 4 printed pages (about 6 to 
12 manuscript pages) in length. 

 
Reviews: Submissions of reviews and perspectives covering 
topics of current interest are welcome and encouraged. 
Reviews should be concise and no longer than 4-6 printed 
pages (about 12 to 18 manuscript pages). Reviews are also 
peer-reviewed. 

 
Review Process 

 
All manuscripts are reviewed by an editor and members of 
the Editorial Board or qualified outside reviewers. Authors 
cannot nominate reviewers. Only reviewers randomly 
selected from our database with specialization in the 
subject area will be contacted to evaluate the manuscripts. 
The process will be blind review. 
Decisions will be made as rapidly as possible, and the 
Journal strives to return reviewers’ comments to authors as 
fast as possible. The editorial board will re-review 
manuscripts that are accepted pending revision. It is the 
goal of the AJMR to publish manuscripts within weeks 
after submission. 

Regular articles 

 
All portions of the manuscript must be typed double- 
spaced and all pages numbered starting from the title 
page. 

 
The Title should be a brief phrase describing the contents 
of the paper. The Title Page should include the authors' 
full names and affiliations, the name of the corresponding 
author along with phone, fax and E-mail information. 
Present addresses of authors should appear as a footnote. 

 
The Abstract should be informative and completely self- 
explanatory, briefly present the topic, state the scope of 
the experiments, indicate significant data, and point out 
major findings and conclusions. The Abstract should be 
100 to 200 words in length.. Complete sentences, active 
verbs, and the third person should be used, and the 
abstract should be written in the past tense. Standard 
nomenclature should be used and abbreviations should 
be avoided. No literature should be cited. 
Following the abstract, about 3 to 10 key words that will 
provide indexing references should be listed. 

 
A list of non-standard Abbreviations should be added. In 
general, non-standard abbreviations should be used only 
when the full term is very long and used often. Each 
abbreviation should be spelled out and introduced in 
parentheses the first time it is used in the text. Only 
recommended SI units should be used. Authors should 
use the solidus presentation (mg/ml). Standard 
abbreviations (such as ATP and DNA) need not be defined. 

 
The Introduction should provide a clear statement of the 
problem, the relevant literature on the subject, and the 
proposed approach or solution. It should be 
understandable to colleagues from a broad range of 
scientific disciplines. 

 
Materials and methods should be complete enough to 

allow experiments to be reproduced. However, only truly 
new procedures should be described in detail; previously 
published procedures should be cited, and important 
modifications of published procedures should be 
mentioned briefly. Capitalize trade names and include the 
manufacturer's name and address. Subheadings should be 
used. Methods in general use need not be described in 
detail. 



 

Results should be presented with clarity and precision. 
The results should be written in the past tense when 
describing findings in the authors' experiments. 
Previously published findings should be written in the 
present tense. Results should be explained, but largely 
without referring to the literature.  Discussion, 
speculation and detailed interpretation of data should 
not be included in the Results but should be put into the 
Discussion section. 

 
The Discussion should interpret the findings in view of 
the results obtained in this and in past studies on this 
topic. State the conclusions in a few sentences at the end 
of the paper. The Results and Discussion sections can 
include subheadings, and when appropriate, both 
sections can be combined. 

 
The Acknowledgments of people, grants, funds, etc 
should be brief. 

 
Tables should be kept to a minimum and be designed to 
be as simple as possible. Tables are to be typed double- 
spaced throughout, including headings and footnotes. 
Each table should be on a separate page, numbered 
consecutively in Arabic numerals and supplied with a 
heading and a legend. Tables should be self-explanatory 
without reference to the text. The details of the methods 
used in the experiments should preferably be described 
in the legend instead of in the text. The same data should 
not be presented in both table and graph form or 
repeated in the text. 

 
Figure legends should be typed in numerical order on a 
separate sheet. Graphics should be prepared using 
applications capable of generating high resolution GIF, 
TIFF, JPEG or Powerpoint before pasting in the Microsoft 
Word manuscript file. Tables should be prepared in 
Microsoft Word. Use Arabic numerals to designate 
figures and upper case letters for their parts (Figure 1). 
Begin each legend with a title and include sufficient 
description so that the figure is understandable without 
reading the text of the manuscript. Information given in 
legends should not be repeated in the text. 

 
References: In the text, a reference identified by means 
of an author‘s name should be followed by the date of 
the reference in parentheses. When there are more than 
two authors, only the first author‘s name should be 
mentioned, followed by ’et al‘. In the event that an 
author cited has had two or more works published during 
the same year, the reference, both in the text and in the 
reference list, should be identified by a lower case letter 
like ’a‘ and ’b‘ after the date to distinguish the works. 

 
Examples: 

 
Abayomi (2000), Agindotan et al. (2003), (Kelebeni, 
1983), (Usman and Smith, 1992), (Chege, 1998; 

1987a,b; Tijani, 1993,1995), (Kumasi et al., 2001) 
References should be listed at the end of the paper in 
alphabetical order.  Articles in preparation or  articles 
submitted  for  publication,  unpublished  observations, 
personal communications, etc. should not be included 
in the reference list but should only be mentioned in 
the article text (e.g., A. Kingori, University of Nairobi, 
Kenya,  personal  communication).  Journal  names  are 
abbreviated according to Chemical Abstracts. Authors 
are fully responsible for the accuracy of the references. 

 
Examples: 

 
Chikere CB, Omoni VT and Chikere BO (2008). 
Distribution of potential nosocomial pathogens in a 
hospital environment. Afr. J. Biotechnol. 7: 3535-3539. 

 
Moran GJ, Amii RN, Abrahamian FM, Talan DA (2005). 
Methicillinresistant Staphylococcus aureus in 
community-acquired skin infections. Emerg. Infect. Dis. 
11: 928-930. 

 
Pitout JDD, Church DL, Gregson DB, Chow BL, 
McCracken M, Mulvey M, Laupland KB (2007). 
Molecular epidemiology of CTXM-producing 
Escherichia coli in the Calgary Health Region: 
emergence of  CTX-M-15-producing isolates. 
Antimicrob. Agents Chemother. 51: 1281-1286. 

 
Pelczar JR, Harley  JP, Klein DA (1993). Microbiology: 
Concepts and Applications. McGraw-Hill Inc., New York, 
pp. 591-603. 

 

 
Short Communications 

 
Short Communications are limited to a maximum of 
two figures and one table. They should present a 
complete study that is more limited in scope than is 
found in full-length papers. The items of manuscript 
preparation listed above apply to Short 
Communications with the following differences: (1) 
Abstracts are limited to 100 words; (2) instead of a 
separate Materials and Methods section, experimental 
procedures may be incorporated into Figure Legends 
and Table footnotes; (3) Results and Discussion should 
be combined into a single section. 
Proofs and Reprints: Electronic proofs will be sent (e- 
mail attachment) to the corresponding author as a PDF 
file. Page proofs are considered to be the final version 
of the manuscript. With the exception of typographical 
or minor clerical errors, no changes will be made in the 
manuscript at the proof stage. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fees and Charges: Authors are required to pay a $550 handling fee. Publication of an article in the African Journal of 
Microbiology Research is not contingent upon the author's ability to pay the charges. Neither is acceptance to pay the 
handling fee a guarantee that the paper will be accepted for publication. Authors may still request (in advance) 
that the editorial office waive some of the handling fee under special circumstances 

 
Copyright: © 2015, Academic Journals. 
All rights Reserved. In accessing this journal, you agree that you will access the contents for your own personal use 
but not for any commercial use. Any use and or copies of this Journal in whole or in part must include the customary 
bibliographic citation, including author attribution, date and article title. 

 
Submission of a manuscript implies: that the work described has not been published before (except in the form of an 
abstract or as part of a published lecture, or thesis) that it is not under consideration for publication elsewhere; that if 
and when the manuscript is accepted for publication, the authors agree to automatic transfer of the copyright to the 
publisher. 

 
Disclaimer of Warranties 

 
In no event shall Academic Journals be liable for any special, incidental, indirect, or consequential damages of any 
kind arising out of or in connection with the use of the articles or other material derived from the AJMR, whether 
or not advised of the possibility of damage, and on any theory of liability. 
This publication is provided "as is" without warranty of any kind, either expressed or implied, including, but not 
limited to, the implied warranties of merchantability, fitness for a particular purpose, or non-infringement. 
Descriptions of, or references to, products or publications does not imply endorsement of that product or publication. 
While every effort is made by Academic Journals to see that no inaccurate or misleading data, opinion or statements 
appear in this publication, they wish to make it clear that the data and opinions appearing in the articles and 
advertisements herein are the responsibility of the contributor or advertiser concerned. Academic Journals makes no 
warranty of any kind, either express or implied, regarding the quality, accuracy, availability, or validity of the data or 
information in this publication or of any other publication to which it may be linked. 



 

 
 
 
 
 
 
 
 

 

International Journal of Medicine and Medical Sciences 

 

                         African Journal of Microbiology Research 
 
 

 
Table of Content: Volume 9 Number 26, 1 July, 2015 

 
 

                                                                                                                                   ARTICLES 
 
 

Use of thermal imaging for the early detection of signs of disease in pigs challenged  
orally with Salmonella typhimurium and Escherichia coli                                                                                                                      
Md. Manirul Islam, Sonia Tabasum Ahmed, Hong-Seok Mun, A. B. M. Rubayet  
Bostami, Yae-Jin Kim and Chul-Ju Yang 
 
Prevalence of triple viral infections of human immunodeficiency virus (HIV),  
hepatitis B and C among tuberculosis patients and associated risk factors: The case  
of West Arsi Zone, Ethiopia 
Endale Mengesha, Tekle Airgecho, Edessa Negera and Mulugeta Kebede 
 



 
Vol. 9(26), pp. 1667-1674, 1 July, 2015  

DOI: 10.5897/AJMR2015.7580 

Article Number: 0615D0A54142 

ISSN 1996-0808  

Copyright © 2015 

Author(s) retain the copyright of this article 
http://www.academicjournals.org/AJMR    

African Journal of Microbiology Research 

 
 
 
 
 

Full Length Research Paper 
 

Use of thermal imaging for the early detection of signs 
of disease in pigs challenged orally with Salmonella 

typhimurium and Escherichia coli 
 

Md. Manirul Islam, Sonia Tabasum Ahmed, Hong-Seok Mun, A. B. M. Rubayet Bostami,  
Yae-Jin Kim and Chul-Ju Yang* 

 
Department of Animal Science and Technology, Sunchon National University 255 Jungangno, Suncheon, Jeonnam 540-

950, Republic of Korea. 
 

Received 13 May, 2015; Accepted 22 June, 2015 
 

A total of 27 piglets were randomly assigned to three treatment groups (control, infection with 
Salmonella enterica serover Typhimurium KCTC 2515 (ST) and infection with Escherichia coli KCTC 
2571 (EC)) in a completely randomized design to early detection of signs of disease based on body 
temperature. Totally three inoculations were done consisting of 14 days each and then thermal images 
were captured to calculate body temperature of pigs at 0, 2, 6, 12, and 24 h and then every 24 h up to 14 
days post inoculation. A reduced average daily gain (ADG) was observed in the first week of all three 
post inoculation (P < 0.05), while the gain:feed ratio was decreased at first week during first inoculation 
in both ST and EC group compared to control (P < 0.05). Body temperature was elevated in ST infected 
piglets at 24 h, peaked at 72 h (P < 0.05) and remained elevated, however, the EC induced piglets 
showed a subnormal body temperature throughout the experimental period relative to the control (P < 
0.05). Taken together, the results indicate that signs of disease following experimentally induced 
bacterial infection in pigs can be detected quickly and easily using thermal images.  
 
Key words: Piglets, growth performance, thermal image, body temperature, disease diagonosis. 

 
 
INTRODUCTION  
 
Infections with enteric pathogens such as Salmonella or 
Escherichia coli are common during intensive pig 
production and are associated with poor performance 
and animal welfare (Pijpers et al., 1991; Greiner et al., 
2000). Such infections may also pose a risk to human 
health and lead to expensive veterinarian intervention 
costs. Delays in detection may result in the outbreak of 

diseases and even more expenses. Detection of animal 
illness and providing individual and group-by-group mass 
therapy is not effective. Since infection is primarily spread 
via horizontal transmission from carrier animals to others 
in close contact (Schwartz, 1991), the best way to handle 
an illness is early detection of diseases followed by 
application of treatment before the disease can spread. 
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Healthy animals are important to profit and performance, 
as well as animal welfare. Timely interventions may 
interrupt the lifetime carriage of Salmonella and E. coli 
and improve the health and growth of weaned pigs.  

Swine have an unusual means of regulating core 
temperature. Due to the low number of sweat glands 
(Moritz and Henriques, 1947; Montagna and Yun, 1964), 
pigs reduce their core temperature by increasing the rate 
of peripheral blood flow through the skin, panting, or 
moistening the skin with water. However, panting and 
evaporation are less efficient regulation systems under 
some environmental conditions and are not always 
possible in confined pig housing. Fever is the earliest and 
one of the main clinical signs of many diseases (Plonait, 
2004). Previous investigations showed that S. 
typhimurium challenged piglets showed increased body 
temperature (Balaji et al., 2000), while E. coli endotoxin 
inoculation resulted in subnormal body temperature 
(Halloy et al., 2004) compared to controls. Based on the 
way heat is transmitted through the skin of swine, infrared 
images have the potential for use in the detection of body 
temperature (Ingram and Weaver, 1969; Godynicki et al., 
1985).  

Traulsen et al. (2010) concluded that infrared 
thermography allows routine measurements of body 
surface temperature that can be used for early disease 
detection. Röhlinger et al. (1979) reported the possibility 
of using infrared cameras (IRCs) to measure body 
surface temperature for early disease detection in various 
animals, including swine. Scolari et al. (2011) used an 
IRC to detect the rise and fall of vulvar skin temperature 
of sows during estrus. Therefore, the present study was 
conducted to measure the growth performance and 
potential for early detection of sign of disease based on 
body temperature patterns measured using a thermal 
camera as an early disease diagnostic tool in Salmonella 
enterica serover Typhimurium and E. coli infected piglets. 
 
 
MATERIALS AND METHODS 
 

All experimental procedures used in this study were approved by 
the Animal Care and Use Committee of Sunchon National 
University, South Korea. 
 

 
Animals and experimental design  
 

A total of 27 newly weaned piglets (crossbred ((Landrace x 
Yorkshire) x Duroc), and mean body weight 8 kg and 28 days of 

age) were used for three consecutive inoculations. The length of 
each post inoculation period was 14 days and the experiment was 
conducted for a total of 42 days. At the onset of the study, each 
animal was tested bacteriologically (fecal) before receiving the 
Salmonella and E. coli challenge and were found to be negative for 
the bacteria. The piglets were assigned to one of the three 
treatment groups (control, infection with Salmonella enterica 

serover Typhimurium (ST) and infection with Escherichia coli (EC)) 
in each post inoculation period in a completely randomized design 
based on their initial body weight. Each treatment had three 
replicate pens with three pigs per pen. The pigs in each group were  

 
 
 
 
reared in three isolated pens (slatted floor and a space allowance of 
0.75 m

2
 per piglet) in an environmentally controlled room and 

allowed a 1-week adaptation period before commencing the study. 
Pigs in the ST and EC group were then orally infected with 10 mL 
mixed suspensions (1:1) of S. enterica serover Typhimurium KCTC 
2515 (5.5 x 10

6
 cfu/ml) and E. coli KCTC 2571 (3.7 x 10

6
 cfu/ml). An 

ambient temperature of 24 ± 1.49°C was maintained in the pig 
houses via overhanging electric heaters. During the experimental 
period, pigs were provided with a commercial diet ad libitum. The 
pens were illuminated by artificial light, and ventilation was provided 
by ten air changes per hour. The body weight and feed intake were 
recorded on a weekly basis until the end of the experiment.  
 
 
Infrared thermography of piglets  

 
Thermal images of piglets were captured using an infrared camera 
(Thermo Tracer, Type- TH5104R CAT I, NEC San-ei Instruments, 
Ltd., Tokyo, Japan) at a fixed distance of approximately 1 m from 
the animal. The emissivity value was set to 0.985 and the 
thermograph resolution was calibrated to ambient temperature and 
humidity as per the manufacturerer’s recommendations. The piglets 

were numbered temporarily and allowed to settle before infrared 
thermographic (IT) images were captured. Multiple images were 
captured and the most informative image for an individual piglet 
was used. Thermal images were captured at 0, 2, 6, 12, and 24 h 
and then every day for 14 days post inoculation (dpi) without 
handling the piglets. Images were stored in a memory card, then 
transferred to a computer for analysis using the InfRec Analyzer 
Lite software system. The temperatures acquired from the IT 
images were recorded from three locations in each piglet (head, 

body and tail region), and the average values were used to 
calculate the standard body temperature of piglets. 
 
 
Statistical analysis  

 
All recorded data were statistically analysed using the SAS system 
v. 9.1 (SAS Institute. Inc., Cary, NC, USA, 2003). The individual pen 

was considered as the experimental unit for growth performance 
and body temperature calculation. Treatment means were 
computed with the LSMEANs and significant treatment x time 
interactions were observed for body temperature using thermal 
camera. Longitudinal significant variations in body temperature due 
to Salmonella and E. coli infection in different time periods are 
denoted by abcde, while treatment effects on specific time period 
denoted by xyz. Duncan’s multiple range tests were used to identify 
significant differences among treatment groups for growth 
performances and body temperature. A probability level of P < 0.05 
was considered statistically significant. 
 
 
RESULTS  
 
The average daily gain (ADG), average daily feed intake 
(ADFI) and gain:feed ratio of piglets are shown in Figures 
1, 2 and 3. In the present study, we observed a 
decreased ADG at the first week of each post inoculation 
period in the ST and EC groups (P < 0.05) (Figure 1). A 
reduced ADFI was found in the second week of first 
inoculation and in the first week of second inoculation in 
the ST and EC infection groups relative to the control (P 
< 0.05) (Figure 2). A reduced gain:feed ratio was 
observed in the first week of first inoculation (P < 0.05) 
(Figure 3). Although the gain:feed ratio was decreased in
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Figure 1. Mean average daily gain (ADG) (kg) of piglets in different weeks during the three inoculation 
periods. Data are presented as the mean ± SE. Bars at a week without a common letter differed 

significantly (P < 0.05). 

 
 
 

 
 
Figure 2. Mean average daily feed intake (ADFI) (kg) in different weeks during the three inoculation 
periods. Data are presented as the mean ± SE. Bars at a week without a common letter differed 

significantly (P < 0.05). 

 
 
 
EC group, it was increased in ST group during second 
week of first inoculation and second inoculation period 
compared to control (P < 0.05) (Figure 3). Thermal 
images of piglets for control, infected with Salmonella 
enterica serover Typhimurium KCTC 2515 and 
Escherichia coli KCTC 257 are shown in Figure 4. 

The body temperature patterns of piglets with bacterial 
infections are shown in Figure 5, 6 and 7. During the first 
inoculation, no significant variations were observed until 
24 h post inoculation, while piglets challenged with ST 
showed a gradual increase in temperature by 24 h. The 
maximum temperature increase relative to the control 
was observed at 72 h (P < 0.05), and this value remained 

elevated until the end of the study period (Figure 5). 
However, the EC induced piglets showed a subnormal 
body temperature pattern throughout the experimental 
period during all three inoculation periods relative to the 
control (P < 0.05) (Figures 5, 6 and 7). Average daily 
body temperature was significantly lower in EC group 
while it was alleviated in ST group compared to control (P 
< 0.05) (Figure 8).  
 
 
DISCUSSION  
 
In most animals, illness is commonly expressed by their
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Figure 3. Mean average gain:feed ratio in different weeks during the three inoculation periods. 
Data are presented as the mean ± SE. Bars at a week without a common letter differed 

significantly (P < 0.05). 
 
 

 

 
 
Figure 4. Thermal images of piglets for control, infected with Salmonella enterica serover 

Typhimurium KCTC 2515 and Escherichia coli KCTC 2571. 

 
 
 

 
 

Figure 5. Body temperature pattern of piglets during the first inoculation period (14 days) . Data are 

presented as the mean ± SE. Lines at a particular time period without a common letter differed 
significantly (P < 0.05). 

   

Control piglets E. coli infected piglets Salmonella infected piglets 
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Figure 6. Body temperature pattern of piglets during the second inoculation period (14 days) . Data 

are presented as the mean ± SE. Lines at a particular time period without a common letter differed 
significantly (P < 0.05). 

 
 
 

 
 

Figure 7. Body temperature pattern of piglets during the third inoculation period (14 days). Data 
are presented as the mean ± SE. Lines at a particular time period without a common letter differed 
significantly (P < 0.05). 

 
 
 
behaviour (Weary et al., 2009). Farm animals express a 
wide range of behaviours such as loss of appetite, 
drinking and social behaviours, many of which may 
impact their health and welfare directly or indirectly. In the 
present study, we observed a decreased ADG at the first 
week of each post inoculation period in the ST and EC 
groups (Figure 1), which is consistent with the results 
reported by Van Heugten et al. (1994). Additionally, 
reduced body weight gain of pigs was observed over 14 
days in response to bacterial infection (Balaji et al., 
2000), and decreased weight gain, feed intake and 
efficiency of feed utilization were observed after repeated 

challenge with non-infectious agents in broilers (Klasing 
et al., 1987). The reduced ADG of piglets during post 
inoculation period of piglets might be due to effect of 
Salmonella and E. coli infection (Van Heugten et al., 
1994; Balaji et al., 2000). ADFI did not affect in the first 
week, it was decreased in the second week during first 
inoculation which also extended in the first week of 
second inoculation (Figure 2). Feed intake was 
depressed in ST induced pigs in the 120 h period 
following the challenge, with the maximum decrease 
being observed 48 h after challenge. In a previous study, 
intake was returned to control levels at between 120 and  
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Figure 8. Average daily body temperature pattern of piglets during the three inoculation 
periods (42 days). Data are presented as the mean ± SE. Bars at a particular inoculation 

period without a common letter differed significantly (P < 0.05). 

 
 
 
144 h of the challenge and was supported by Balaji et al. 
(2000). A number of infectious diseases of swine are 
characterized by fever, cachexia, inactivity and anorexia 
(Hart, 1988). The reduced gain:feed ratio might have 
been due to the effect of reduced weight gain in the 
respective periods in each post inoculation period. The 
overall decreased piglets growth performance of this 
study can be explained as the effect of bacterial infection 
which might be the indication of illness in pig (Klasing et 
al., 1987; Balaji et al., 2000). 

Physiological responses of infection and inflammation 
in animals are the result of neuroendocrine and immune 
systems interactions. Adaptive responses include 
induction of proinflammatory mediators and fever, 
reduced feed intake and diminished growth performance, 
as well as development of a regulated, specific, immune 
response to ward off pathogens. Salmonella and E. coli 
are the most successful at colonizing the gastrointestinal 
tract under stress conditions, when nutrition and immunity 
are suboptimum, as is the case in newly weaned pigs 
(Aumaitre et al., 1995). A recent review described 
changes in peripheral blood flow resulting in alterations of 
skin temperature of livestock that could be detected by 
infrared thermography (Stewart et al., 2005). In the 
present study, piglets challenged with ST and EC showed 
remarkable temperature variations at different hours and 
days in all three post inoculation periods. The body 
temperature patterns of piglets with bacterial infections 
are shown in Figures 5, 6 and 7. During the first 
inoculation, no significant variations were observed until 
24 h post inoculation, while piglets challenged with ST 
showed a gradual increase in temperature by 24 h. The 

maximum temperature increase relative to the control 
was observed at 72 h, and this value remained elevated 
until the end of the study period (Figure 5). However, the 
EC induced piglets showed a subnormal body 
temperature pattern throughout the experimental period 
relative to the control (Figures 5, 6 and 7). The increased 
body temperature of ST challenged piglets observed in 
the present study is consistent with the results reported 
by Walsh et al. (2012), who found a tendency for 
increasing body temperature with increasing time of 
bacterial inoculation. The febrile conditions in our present 
study started at 12 h post inoculation, then gradually 
increased until becoming significantly higher on day 8. 
These increased levels then continued throughout the 
experimental period. Balaji et al. (2000) reported that the 
fever associated with ST was gradual in onset, and was 
sustained for 5 days following challenge. The infrared 
thermographies used to detect bacterial infection in pigs 
in the present study have also been applied in many 
other studies (Loughmiller et al., 2001; Schaefer et al., 
2004; Johnson et al., 2011). Infrared techniques were 
used by Loughmiller et al. (2001) to measure the body 
temperature of pigs, and the results showed that it is 
possible to detect a febrile response using body-surface 
temperature. Pigs have few sweat glands and are 
therefore forced to cool down by increasing the rate of 
blood flow through their skin (Moritz and Henriques, 
1947; Montagna and Yun, 1964); accordingly, infrared 
technology may be a good method for detection of 
increases in body temperature. Manno et al. (2006) 
reported that surface temperature increases with 
increasing  ambient  temperature.  E. coli  are  commonly 



 
 
 
 
found in human and animal intestinal tracts and can 
survive outside the gastrointestinal tract for considerable 
lengths of time in several environments (Ashbolt, 2004). 
In the present study, EC induced piglets showed a 
subnormal body temperature throughout the experimental 
period in all three post inoculation periods, which is 
normal and occurs due to starvation and dehydration due 
to diarrhoea. Feed intake of the EC infected group of this 
experiment was lower during most of the week in each 
inoculation period. The body temperature was also lower 
during the first week, indicating that starvation or lower 
feed intake can be a cause of subnormal body 
temperature. Additionally, some pigs infected with EC 
showed diarrheal symptoms, although we did not record 
the diarrheal score, which may also have led to 
subnormal body temperature. The detection of subnormal 
body temperature in piglets of this study is in agreement 
with the results of studies conducted by Vianna and 
Carrive (2005), who investigated changes in temperature 
at the rat tail in connection with a fear reaction and 
concluded that it was possible to detect decreased 
temperature via infrared images. The increased body 
temperature due to salmonella and subnormal body 
temperature due to E. coli infection of this present study 
could be helpful for the pig farmers to early detection of 
bacterial infection which is important to take measures for 
further severe damage. Average daily body temperature 
was significantly lower in EC group while it was alleviated 
in ST group compared to control (Figure 8). The overall 
body temperature in ST group was also alleviated while 
EC group was decreased compared to control which 
might be due to the effect of weekly body temperature in 
pigs. Overall, growth performances and body tem-
perature pattern of challenged piglets could be more 
beneficial for the farmers in pig monitoring system.   
 
 

Conclusions 
 

Reduced ADG, ADFI and gain:feed ratio, as well as 
variations in body temperature are general indicators of 
bacterial infections in pigs. In the present study, thermal 
image analysis of heat emissions from pig skin made 
early detection of ST and EC infection in pigs possible. 
This method provides the opportunity to measure body 
temperature continuously without contracting or stressing 
the animals and with a minimal risk of injuries. Thus, it 
can be an effective tool to minimize costs and save time 
while ensuring animal welfare during pig farming. 
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Tuberculosis, human immunodeficiency virus and hepatitis B and C infections are serious public health 
problems in Ethiopia. This study was conducted to assess the prevalence of triple viral infections and 
associated factors among tuberculosis patients who were on anti-tuberculosis treatment in the year 
2011/12 in West Arsi Zone, Ethiopia. A cross sectional study design was conducted among 374 TB 
patients who were on first line anti-TB treatment. Simple random sampling technique was employed to 
draw the study subjects until the calculated sample size was achieved. Blood samples were collected to 
determine the HIV serostatus by rapid HIV testing kits; whereas the hepatitis B and C sero-status was 
determined by instant one step HBsAg and Flavicheck-HCVWB kits, respectively. Socio-demographic and 
risk factors information was collected and analysed using univariate and multivariate logistic 
regression. Injection drug users were excluded from this study. From a total of 374 tuberculosis patients 
enrolled, TB-HIV co-infection was found to be 56 (14.97%) among which 5 (8.92%) hepatitis B and 4 
(7.14%) were hepatitis C triple infected. The overall TB-HIV-Hepatitis triple infection prevalence was 
2.4% (9/374). Though the current level of triple viral infections among TB patients seems to be low, an 
integrated program for treatment, prevention and control strategy is crucial to be considered in TB 
patient management.  
 
Key words: Co-infection, HBV, HCV, HIV, TB, triple infection, West Arsi Zone, Ethiopia. 

 
 
INTRODUCTION  
 
Human immunodeficiency virus (HIV) continues to be a 
major global public health problem, having claimed more 
than 39 million lives so far. In 2013, there were 1.5 [1.4–

1.7] million people died from HIV-related causes globally. 
In the same year there were approximately 35.0 [33.2–
37.2] million people living with HIV with 2.1 [1.9–2.4] 
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million people becoming newly infected globally. Sub-
Saharan Africa is the most affected region, with 24.7 
[23.5-26.1] million people living with HIV that accounts for 
almost 70% of the global total of new HIV infections 
(WHO, 2014).   

Ethiopia is one of the Sub-Saharan African countries 
affected by high burden of HIV/AIDS pandemic. Since the 
first report of HIV case in 1984 in the country, the disease 
remained as a major public health concern of the country 
(FMoH, 2010). There is an estimated prevalence of 2.4% 
with 1.9% and 2.9% in male and female respectively. 
There is also difference in prevalence among urban 
(7.7%) and rural (0.9%) communities (Ministry of Health 
of Ethiopia, 2010).   

According to the World Health Organization, Ethiopia is 
one among 22 TB high burden countries   with an 
estimated 220,000 (258 per 100,000) incident and 
200,000 (237 per 100,000) prevalence cases. There were 
an estimated 15,000 deaths (18 per 100,000) due to TB, 
excluding HIV related deaths in 2011 (World Health 
Organization, 2012). 

HIV/AIDS pandemic has caused a resurgence of TB, 
resulting in increased morbidity and mortality worldwide. 
HIV and TB have a synergistic interaction; each 
accentuates progression of the other. Unfortunately, Sub-
Saharan Africa region is part of the world where TB has 
been flourishing unhindered reaching the proportion of 
82% TB cases co-infected with HIV in 2010.  In the same 
year an estimated 1.1 million deaths occurred among HIV 
positive cases of TB including 0.32 million deaths among 
women. In addition, there were an estimated 0.35 million 
deaths among incident TB cases that were HIV positive 
(World Health Organization, 2011). 

Though the prevalence of hepatitis co-infection with 
HIV varies widely across different studies mainly due to 
the variation in the distribution of risk factors, geographic 
location and other factors specific to the study population; 
it is one of the leading causes of morbidity and mortality 
in individuals with HIV (Iser and Sasadeusz, 2008). The 
co-infection of HIV with hepatitis (B and C) is attributable 
due to similar routes of transmission with evidence of 
significant clinical implications of complicated clinical 
course, case management and may also adversely affect 
therapy for HIV infection and vice versa 
(Padmapriyadarsini et al., 2006; D'Souza and Foster, 
2004; Hennessey et al., 2009).  

The coexistence of TB, HIV and viral hepatitis 
infections in the same patient poses a unique challenge 
to the patient and clinicians. Here, the major concern is 
most commonly available anti-TB and antiretroviral 
agents have associated risk of liver damage. In situation 
of concurrent treatment of these infections is inevitable, 
carefully chosen and tailored therapy is needed to 
minimize drug-drug interactions and related toxicities. 
When this condition is superimposed with HBV and/or 
HCV infection, the treatment and patient management 
challenge will be further complicated (Marzuki et al., 2008; 

 
 
 
 
Yee et al., 2003).  

Studies revealed that TB/HIV co-infected patients 
demonstrated a doubling level of liver enzymes among 
14% of HBV and 12 % HCV infected patients. Moreover, 
45% of patients with both HCV and HIV infection were 
developed drug-induced hepatitis during TB treatment 
(Wajiso, 2003; Byrd et al., 1979).  

HIV-infected TB patients demonstrated a doubling in 
liver enzyme levels in 14% of patients with HBV and 12% 
of patients with HCV infection, although few had 
symptomatic hepatitis. About 5 of 11 (45%) patients with 
both HCV and HIV infection developed drug-induced 
hepatitis during TB treatment; the risk of hepatitis was 
over 3 times greater than in those with HIV infection 
alone and over 14 times greater than in those with neither 
HIV nor HCV infection (Wajiso, 2003; Byrd et al., 1979).  

There is very limited or no information on the 
prevalence of HIV and Hepatitis (B and C) among TB 
patients thereby very little is known about the clinical 
burden of triple viral infection among TB patients and 
subsequent impact on TB treatment outcome in the 
country.  

Shashemene, the capital of West Arsi Zone, is a 
crossroad town with a high prevalence of TB and HIV 
infection.  According to the 2011(2004 E.C) Ethiopian 
Ministry of Health report the TB-HIV co-infection rate in 
the age group of 15-49 years was estimated to be 47% in 
the area. Therefore, this study was conducted to address 
the prevalence of triple viral infections and associated 
risk factors among TB patients in Shashemene, West 
Arsi zone, Ethiopia. 
 
 

MATERIALS AND METHODS 

 
The study area  
 

West Arsi zone is one of the 14 zones of Oromia Regional State 
(the largest of 9 regional states of Ethiopia). The estimated 
population of the zone is 2,286,987.  Shashemene is the capital of 
the zone with a population of 127, 798. Shashemene Referral 
Hospital is the only referral hospital in the zone.  It is situated at 240 
km away from capital of Ethiopia, Addis Ababa to the southern part 

of the country on the way to Moyale-Kenya. The hospital was 
established by missionaries as TB and Leprosy clinic in 1950. In 
1976 it was upgraded to general public hospital and then in 2008, to 
referral hospital.  The Health Centers used in this study were 
located within 12 to 35 km radius from the hospital with estimated 
catchment population of 750,000 (Figure 1). 
 
 

Study design 

 

A health facility based cross-sectional study was conducted to 
assess the prevalence of triple viral infection of HIV, HBV and HCV 
among TB patents at one referral hospital (Shashemene Referral 
Hospital) and three health centers (Shashemene, Aje and Arsi 
Negele) from September 2011 to June 2012.  
 
 

Ethical considerations 

 

The protocol was approved by Hawassa University Department of
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Figure 1. Map of the study area. 

 
 
 
Biology and College of Health Sciences institutional Ethical Review 
Committee. Support letters were obtained from the Zonal and 
district health offices. Informed consent was obtained from all adults 
(> 18 years) and for children (<18 years) informed consent was 
obtained from their parents or guardians. A verbal assent was 
obtained from children of 12-17 years. For all the study subjects, 
laboratory diagnosis and treatment (if needed) were given free of 
charge and all results were kept confidentially. 

 
 
Sample size determination  
 

The sample size was determined using a single population formula 
with P=37.2% from previous study in the area: 
  

            (Z1-α/2)
2 *P (1 – P) 

     N=        
                     d2 
 
 

 
 

  (1.96)2*(0.372)*(0.628) 
N=                             
               (0.05)2  
 
N = 359 with 5% non-response rate; N = 359+18=377.  

 
We considered the confidence limits = 95% (α= 0.05), Power =80%, 
P= 37.2 % (Wajiso, 2003). 

Source population and study population 
 

The source population was all types of TB cases following anti -TB 
treatment in TB clinics of the study area. The study subjects were 
recruited by randomly selecting TB cases from Shashemene 
Referral Hospital and Shashemene, Arsi Negele and Aje health 
centers.  
 
 

Sampling procedure 
 

A simple random sampling technique was used to select the study 
subjects. All TB patients those put on first line anti-TB treatment in 
three health centres and Shashemene Referral Hospital were taken 
as sampling frame.  An identification numbers were given for all 
registered patients and then the study subjects were selected 
randomly until the calculated sample size is achieved. 
 
 

Inclusion and exclusion criteria 
 

All types of TB patients who visited the health facilities and 
registered for anti-TB treatment were included in the study. 
However, pediatrics and referred out cases were not included in the 
study.  Individuals who were not willing to give their consent for 
participation and injection drug users were also excluded.  
 
 

Socio-demographic and patient data collection  
 

Data on socio-demographic and risk factor were collected from each 
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consented participants in a well-designed and pre-tested 
questionnaires.  

Nurses working at the respective health facilities were assigned 
to counsel the patients before blood sample collection for HIV 
testing through PIHCT (Provider Initiated HIV Counselling and 
Testing) and hepatitis testing.  
 
 

Clinical sample collection and transportation  
 

Vein blood samples of 2-5 ml was collected aseptically by the 
assigned laboratory technologist or technician. The collected blood 
specimens were transported appropriately to Shashemene Referral 
Hospital Laboratory for HIV and hepatitis testing within 2 hof 
collection.  
 
 

HIV testing  
 

HIV testing was done on whole blood sample by rapid testing kits 
KHB (Shanghai Kehua Bio-Engineering Co., China, 100% 
sensitivity and 98% specificity), Stat-pack (Chembio Diagnostics 
Systems, USA, 99.7% sensitivity and 99.9% specificity) and Uni-

Gold (Trinity Biotech Plc, Ireland, 100% sensitivity and 100% 
specificity) following the national HIV testing algorithm.  
 
 

Hepatitis testing  
 

HBV was tested for HBsAg using Instant One step test kit (SD 
BIOLINE, Korea, >99% specificity and >99% sensitivity) and HCV 
was tested by using Flavicheck

®
-HCV WB (Qualpro diagnostics, 

India, 100% Sensitivity and 99.6% specificity) test kits using the 
manufacturer’s guideline at Shashemene Referral Hospital 
Laboratory.  
 
 

Quality assurance of data 
 

To assure the quality of data to the level maximum, the 
questionnaires were validated by pre-testing on about 10% of 

sample size on some randomly selected patients who were not 
included in the study. Beside manufactures’ instruction, there was 
strict adherence to good laboratory practice principles and standard 
operational procedures during laboratory analysis as.  
 
 

Study variables 
 

Independent 
 

These included clinical signs and symptoms, risky behaviours for 
HIV and Hepatitis infection, Socio-economic and socio-
demographic variables. 
 

 

Dependent 
 

HIV, HBV and HCV serostatus, TB-HIV co-infection and TB-HIV-
Hepatitis triple infection were considered as outcome variables.  
 
 

Statistical analysis  
 

All the collected laboratory and socio-demographic data were 
properly coded and labelled for easy of entry. All data were double 
entered into an Excel spread sheet, cleaned, verified using STATA 
version 9.0 and made ready for analysis. 
 
 

Descriptive analysis 
 

Means,  standard  deviations,  frequencies,  standard  error  of   the 

 
 
 
 
means, proportions, percentages as well as descriptive graphs and 
tables were used with respect to the given variables. 
 
 
Univariate analysis 
 

Explanatory variables were individually cross tabulated with the 
outcome variable and statistical significance was assessed using 
chi-square, Odd ratio (OR) and 95% confidences interval (CI) were 
calculated to determine the strength of the association. 
 
 
Multivariate analysis 
 

Explanatory variables significantly associated (p ≤ 0.05) with the 
outcome variable in Univariate analysis were included in a 
multivariate logistic regressions analysis using the program 
packages SPSS (SPSS Inc., Chicago, Illinois, USA, version 15.0 
and STATA version 9.0) to detect confounding effects and to 
evaluate the relative influence of the different co-variates outcome 
variables. 
 
 
RESULTS AND DISCUSSION  
 
Socio-demographic characteristics of study subjects 
 
A total of 374 TB patients were included in the study. Of 
the total TB patients, 224 (59.9%) were male while 150 
(40.1%) of them were female with male to female ratio of 
1.5:1. Among the total study participants, 203 (54.3%) of 
them were urban residents while 171(45.7%) were rural 
residents. The mean (±SE) age of the respondents was 
30.12 ±0.645 years with a median age of 27 years. The 
average family size of the study subjects was 
5.29+0.157SE with median of 5 (range 1-19) and the 
mean number of housewife per husband was 
1.69+0.037SE with median of 2 and range of 1-5. 
Concerning the educational status of the study subjects, 
143 (38.2%) were illiterate (unable to write and read) and 
231 (61.2%) were literate. About 192 (51.3%) of study 
subjects were married, 148 (39.6%) were single, 12 
(3.2%) were divorced, 15 (4.0%) were widowed and 7 
(1.9%) were separated from their partner (due to work, 
education etc.). Occupationally majority of study subjects; 
163 (43.6%) were farmers followed by students, 79 
(21.1%) and only 3(0.8%) were commercial sex workers 
(Table 1).  
 
 
Socio-demographic variables versus seropositivity of 
study participants  
 
The overall prevalence of TB-HIV co-infection was 56 
(15%). Among 224 male and 150 female TB patients 
tested for HIV, 32 (14.3%) male and 24 (16.0%) female 
were seropositive respectively.  

The prevalence of Hepatitis (HBV and HCV) in TB-HIV 
co-infected patients was found to be 9 (16.07%). Of the 9 
hepatitis positive TB-HIV co-infected patients 5(8.9%) 
were  with HBV and 4 (7.1%) with HCV  co-infection. The 



 
 
 
 
Table 1. Socio-demographic characteristics of the study subjects 
for the study of triple viral infections of human immunodeficiency 
virus (HIV), Hepatitis B and C (HBV and HCV) among 
tuberculosis patients and associated risk factors in West Arsi 
zone, Ethiopia in 2011/12. 
 

Variable  Category  N=374 % 

Sex 

Female  150 40.1 

Male  224 59.9 

Total  374 100.0 

    

Age 

15-24 147 39.3 

25-34 117 31.3 

35-44 69 18.4 

45-54 15 4.0 

55-64 16 4.3 

>64 10 2.7 

Total   374 100.0 

    

Residence 

Urban 203 54.3 

Rural 171 45.7 

Total 374 100.0 

    

Education 

Illiterate 143 38.2 

1
st
 cycle 120 32.1 

2
nd

 cycle 94 25.1 

12 grade complete  12 3.2 

College and above  5 1.3 

Total  374 100.0 

    

 Occupation 

  

Farmer 164 43.9 

Student 79 21.1 

Daily laborers 28 7.5 

Merchants 40 10.7 

Commercial sex workers 3 0.8 

Government employee 13 3.5 

House wife 26 7.0 

Others 21 5.6 

Total  374 100.0 

    

 Marital 
status 

Single 148 39.6 

Married 192 51.3 

Divorced 12 3.2 

Partner died 15 4.0 

Partner separated 7 1.9 

Total  374 100.0 

 
 
 

mean (±SE) age of HIV positive TB patients was 
30.41(±1.14) and the mean age of Hepatitis positive 
TB/HIV co-infected patients was 30.56(±0.86SE). There 
is no statistically significant difference between the age 
groups of study participants (P>0.05) in HIV 
seropositivity. 
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Among the total 56 HIV positive TB patients, 32(57.1%) 
were male while 24 (42.9%) were female and from 9 
hepatitis positive TB-HIV co-infected patients, 4 (44.44%) 
of them were male while 5 (55.56%) were female with the 
overall TB-HIV-Hepatitis triple infection prevalence of 
9(2.4%) observed in the current study area. About 45 
(80.4%) of HIV positive TB patients were urban residents 
while 11 (19.6%) of them were rural residents. The 
statistical analysis showed that statistical significant 
difference between the urban and rural residents 
(P<0.05) with regard to HIV seropositivity among TB 
patients. Similarly, majority 6(66.7%) of triple infected 
patients were reside in urban areas while 3 (33.3%) of 
them were reside in rural area. The HIV seropositivity of 
respondents were statistically significantly different 
(P<0.05) with respect to their educational status, 
occupation and marital status (Table 2).  
 
 
Characteristics and clinical features of study 
subjects  
 
TB patients were categorized as new, relapse, and 
defaulter cases. Of the total 374 TB patients enrolled in 
the study 347 (92.8%) of them were new cases, 17 
(4.5%) were relapse and 10 (2.7%) were defaulters. The 
prevalence of HIV seropositivity in relapse TB cases was 
5 (29.4%) and 49 (14.5%) in new TB cases (Table 3). 
The prevalence of triple infection (TB-HIV and Hepatitis) 
was found to be 8 (16.3%) in new TB cases and 1 (5.9%) 
in relapse TB cases. No triple infection was detected in 
defaulters. From the total of 300 TB patients tested for 
AFB microscopy, 138 (46.0%) of them were positive for 
the presence of AFB in the sputum samples.  Among the 
200 (53.5%) TB patients tested for X-ray, lung infiltration 
reported in 102 (51.1%), whereas, cavities were reported 
in 51(25.5%) and 49 (24.5%) were with no findings or not 
reported. The prevalence of HIV seropositivity was 23 
(16.7%) and 25 (15.4%) for AFB positive and negative 
study participants respectively (Table 3). Among the AFB 
positive and AFB negative TB-HIV patients, 3 (13.04%) 
and 4 (16.0%) of them were positive for hepatitis test 
respectively. 
 
 
Seropositivity versus sampling area  
 
The TB-HIV co-infection prevalence for study subjects 
from Shashemene Referral Hospital, Shashemene Health 
Center, Arsi Negele Health Center and Aje Health Center 
was 26 (13.9%), 14 (21.9%), 11 (8.92%) and 5 (8.9%) 
respectively. The HIV seropositivity was slightly higher in 
Shashemene Health center 14 (21.9%) compared to the 
other centers. The prevalence of triple infection were 4 
(15.4%), 3 (21.4%) and 2 (18.2%) Shashemene Referral 
Hospital, Shashemene Health Center, Arsi Negele Health 
Center and Aje Health Center respectively. Triple
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Table 2. Socio-demographic characteristics of study subjects versus HIV and Hepatitis (HBV and HCV) Serostatus among 
tuberculosis patients and associated risk factors in West Arsi Zone, Ethiopia in 2011/12. 
 

Socio-demographic characteristics  of TB patients of study area 

HIV Positive, n= 56 
HIV 

Negative 

n=318 

P-value 
Hepatitis 

Positive Negative 

HBV HCV HBV HCV 

Sex 

Female 2 3 22 21 126 
 0.649 

Male 3 1 29 31 192 

Total  5 4 51 52 318  

        

Age 

15-24 0 0 11 11 135 

 0.709 

25-34 5 2 22 25 91 

35-44 0 2 17 15 62 

45-54 0 0 0 0 17 

55-64 0 0 1 1 8 

>64 0 0 0 0 5 

Total  5 4 51 52   

        

Residence 
Urban 3 3 42 42 158    

0.000 Rural 2 1 9 10 160 

        

Education 

Illiterate 1 0 10 11 132 

 

 

0.026 

1
st
 cycle 2 2 21 21 98 

2
nd

 cycle 3 2 18 18 73 

      

Grade 12 completed 0 0 1 1 11 

College and above 0 0 1 1 4 

 Occupation 

  

Farmer 2 2 11 11 150 

 0.000 

Student 0 0 2 2 77 

Daily laborers 0 0 12 12 16 

Merchants 2 2 14 14 24 

Commercial sex workers 0 0 1 1 2 

Government employee 0 0 4 4 9 

House wife 0 0 3 3 24 

Other 1 0 4 5 16 

        

Marital status 

  

  

  

Single 1 1 14 15 133 

0.000 

Married 1 2 19 20 172 

Divorced 2 0 7 9 3 

Partner died 0 0 5 5 10 

Partner separated 1 1 6 7 0 
 
 
 

infection was not reported from Aje Health center (Table 
4). 
 
 

Risk factor analysis for HIV and hepatitis 
seropositivity 
 

On Univariate analysis, behavioural factors such as 
having multiple partner and having unprotected sex with 
commercial and non-commercial sex workers were found 
to be risk for HIV seropositivity. From host factors tested 
in   the   analysis,   marital   status   (partners   separated, 

divorced and widowed), being female, residing in urban, 
having poor HIV knowledge and being illiterate 
associated with high risk of acquiring HIV.  On 
multivariate analysis, being urban dweller, marital status 
(partners separated), and being illiterate were associated 
with increased seropositivity (Table 5). 
 
 
DISCUSSION 
 
The observed prevalence of TB-HIV co-infection (15%)
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Table 3.  HIV and Hepatitis Serostatus, Tuberculosis cases category, form of tuberculosis 
and TB laboratory diagnosis status among tuberculosis patients and associated risk 
factors in West Arsi Zone, Ethiopia in 2011/12. 
 

Category  Diagnosis  
 HIV sero-status  

Positive n (%)  Negative n (%)  Total 

HIV serostatus  HIV rapid test  56 (15%)  318 (85%)  374 
        

Hepatitis  
HBsAg  5 (8.9%)  51 (91.1%)  56 

HCV antibody  4 (7.1%)  52 (92.9%)  56 
        

TB category 

New  49 (14.1)  298 (85.9)  347 

Relapse  5 (29.4)  12 (69.6)  17 

Defaulter  2 (20)  8 (80)  10 
        

Form of TB 

PTB  48 (16.2)  248 (83.8)  296 

EPTB  8 (10.5)  68 (89.5)  76 

Disseminated TB  0  2 (100)  2 
        

AFB Result 

Positive  23 (16.7)  115 (83.3)  138 

Negative  25 (15.4)  136 (83.9)  162 

Not performed  8 (10.96)  65 (89)  73 
        

X-ray Result 

Infiltrations  15 (14.7)  87 (85.3)  102 

Cavities  9 (17.7)  42 (82.3)  51 

No finding  7 (14.3)  42 (85.7)  49 

Not performed  25 (14.5)  147 (85.5)  172 
 
 
 

Table 4. Distribution of Hepatitis B, C (HBV and HCV) and HIV seropositivity among tuberculosis patients and 

associated risk factors in West Arsi Zone, Ethiopia in 2011/12. 
 

Parameter  

HIV serostatus Hepatitis sero-status 

Positive N (%) Negative N (%) 
Positive N (%) Negative N (%) 

HBV HCV HBV HCV 

Shashemene Referral Hospital 26 (13.9) 161 (86.1) 2 (7.7) 2 (7.7) 24 (92.3) 24 (92.3) 

Shashemene  Health center 14 (21.9) 50 (78.1) 2 (14.3) 1 (7.1) 12 (85.7) 13 (92.9) 

Arsi Negele Health Center  11 (18.9) 56 (81.1) 1 (9.1) 1 (9.1) 10 (89.9) 10 (89.9) 

Aje Health center  5 (8.9) 51 (91.1) 0 (0) 0 (0) 5 (100) 5 (100) 

Total 56 (15.0) 318  (85.0) 5 (8.9) 4 (7.1) 51 (91.1) 52 (92.9) 
 
 
 

Table 5.   Univariate and multivariate logistic regression analyses of risk factors for HIV infections among tuberculosis patients in 
West Arsi Zone, Ethiopia in 2011/12. 
 

Factor 

Univariate analysis Multivariate analysis 

Crude 
OR 

CI P-value 
Adjusted  
OR/ AOR 

CI P-value 

Sex       

Male 1   1   

Female 1.14 0.643-2.031 0.065 1.054 0.371-3.003 0.085 
       

Residence       

Rural 1   1   

Urban 4.143 2.068-8.30 0.000* 2.439 1.282-7.246 0.049* 
       

Educational status       

Illiterate 1   1   

Literate 0.344 0.272-0.691 0.000* 0.141 0.096-0.682 0.000* 
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Table 5. Contd. 
 

Factor 

Univariate analysis Multivariate analysis 

Crude 
OR 

CI P-value 
Adjusted  
OR/ AOR 

CI P-value 

Marital status       

Married 1   1   

Single 1.631 0.549-4.811 0.06 1.003 0.537-3.897 0.889 

Partners separated 10.466 3.568-31.312 0.001* 2.638 1.077-6.466 0.034* 

Divorced 4.121 1.532-9.847 0.005* 1.021 0.899-4.0123 0.654 

Widowed 2.193 1.685-11.349 0.044* 1.001 0.0123-2.014 0.998 
       

HIV knowledge       

Yes 1   1   

No 2.54 1.581-10.883 0.042* 3.288 0.637-16.982 0.155 
       

Unprotected sex with 
commercial sex worker 
(high risky groups) 

      

No 1   1   

Yes 1.268 0.673-2.392 0. 562 2.410 0.657-8.843 0.185 
       

Unprotected sex with 
noncommercial partner 

      

No 1   1   

Yes 2.255 1.779-6.528 0.035* 1.217 0.331-1.999 0.653 
 

 
 

reported in this study is lower than those studies 
conducted previously in the study area (37.2%; 25.7%; 
20%). This might be attributed to behavioral changes 
brought by health education on HIV/AIDS prevention and 
control program. The program has been implemented by 
the Federal Ministry of Health at national level (Sharma et 
al., 2005; Wajiso, 2003; Arega, 2007).  

The triple infection of TB-HIV-Hepatitis prevalence had 
little attention or was no longer been addressed in 
Ethiopia. The TB-HIV-Hepatitis triple infection, HBV 
(8.9%) and HCV (7.1%), in the present study pinpoints 
the need to consider triple infection for future prevention 
and control strategies in the study area in particular. The 
prevalence of HBV among TB-HIV co-infected patients 
obtained in this study is comparable with other findings in 
other countries that reported the prevalence of HBV 
among TB-HIV co-infected patients: in Thailand was 9% 
while the prevalence of HCV was 31%.  According to 
these authors the main route of HCV transmission is 
injection and drug use while sexual intercourse is the 
main route for HBV transmission. The low HCV prevalence 
in this study may be accounted for the low prevalence of 
the main route of transmission. However this needs 
further investigation.  The prevalence of triple infection of 
TB-HIV-Hepatitis was higher in this study (TB patients) 
compared to the studies conducted in other populations 
(blood donors, heath care providers etc., data not 
indicated) in the same area. This higher prevalence may 
be due to the fact that HIV and Hepatitis shares common 
routes of transmissions (Yee et al., 2003). 

In this study, there was a significant difference in HIV 
seropositivity between urban and rural residents 
(p=0.000; adjusted OR=2.439). There was also a 
difference in triple infected between urban (10.7%) and 
rural (5.4%) dwelling study participants. This might be 
due to the differences of the available risk factors in both 
areas. In addition, the current study shows that, a 
statistically significant difference in HIV seropositivity 
between different educational levels (p=0.000). HIV 
seropositivity was lower among literate than illiterates 
(adjusted OR=0.141) and the same for triple infection. 
This is probably literates can easily understood the ways 
of transmission and prevention measures from different 
sources such as newspaper and periodicals. However, 
the presence of pre-disposing risk factors especially in 
urban settings where more literate people are found 
should not be underestimated. In such cases, target 
oriented education which induces behavioral changes 
should be tailored to minimize the high prevalence of HIV 
sero-prevalence in urban settings.  

The result of this study showed that a significant 

difference of HIV seropositivity among different occupations 
and the same for triple infection. It was indicated that the 
leading seropositivity was seen in daily laborers, 

merchants, commercial sex workers and governmental 
employee with descending order. Similarly, a study 

conducted in India indicated that unemployed and 
business professionals took the larger percentage HIV/TB 
co-infection (Kumar et al., 2002), another study suggested 

that  higher  seropositivity  in  manual  laborers  and  some 



 
 
 
 
studies conducted in Ethiopia indicated that, these groups 
of patients were seropositive to HIV (Wajiso, 2003; Devi 
et al., 2005; UNAIDS, 2009; Kumar et al., 2002).  

HIV seropositivity was highest among those partners 
who live separately for various reasons.  The high HIV 
seropositivity in this group is probably due to the fact that 
partner separation eventually leads to risky behaviors. 
The other reason might be when partners know their HIV 
status, they prefer to live separate in order to make ART 
treatment more confidential.  

The major risk factors for triple infection of HIV-TB-
Hepatitis were found to be having multiple sexual partners, 
followed by unsafe sexual intercourse (data not presented). 
This is probably due to shared routes of transmission of 
HIV and hepatitis (B&C), and TB is the opportunistic 
disease which comes after immune suppression like in 
HIV patients (Sterling and Sulkowski, 2004; Sy and 
Jamal, 2006; Solomon et al., 2008; Sirinak et al., 2008).  
 

 

Conclusions  
 

This study reveal relatively high prevalence rate of triple 
infection even if TB-HIV co-infection is getting declined 
than previous reports. The HBV-HCV co-infection was 
not found.  Some behavioral and socio-demographic risk 
factors such as partners being separated, having multiple 
sexual partners, doweling area (being urban) and occupa-
tion (unemployed) were found to be strongly associated 
with triple infection. In general the current study showed 
the need for more information on the triple infection in 
order to base therapeutic decisions and to set integrated 
prevention and control program in the country. This 
underline the need for further epidemiologic and clinical 
studies to optimize the management of this complicated 
medical conditions.  
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