African Journal of
Microbiology Research

December SpeC|aI Review 2014

ISSN 1996-080¢€




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, 1L-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 EI-Naggar

Head of Microbiology Department,
Faculty of Pharmacy,

Mansoura University,

Mansoura 35516, Egypt.

Dr. Abdel Nasser A. EI-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

Sdlim Ali Center for Ornithology and Natural History
(SACON),

Anaikatty (PO), Coimbatore-641108, India

Dr. Yongxu Sun

Department of Medicinal Chemistry and
Biomacromolecules

Qigihar Medical University, Qigihar 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 Ceard - 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,
Yaniji,

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 Nikoli¢

Faculty of Technology and Metallurgy,
University of Belgrade,

Serbia

Dr. Sivakumar Swaminathan
Department of Agronomy,

College of Agriculture and Life Sciences,
lowa State University,

Ames, lowa 50011

USA

Dr. Alfredo J. Anceno

School of Environment, Resources and Development

(SERD),
Asian Institute of Technology,
Thailand

Dr. Igbal 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 Séo 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 Aragon,
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. Marcio 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 Investigacion Cientificay
Tecnoldgica/Division 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 Roldan

Department of Medical Microbiology,
Faculty of Medicine,

Peru

Dr. Kanzaki, L 1B
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. Dinggiang 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-Jiirg Monstein

Clinical Microbiology, Molecular Biology Laboratory,
University Hospital, Faculty of Health Sciences, S-581
85 Linkdping

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 Sdo Paulo

Rua Prof. Artur Riedel, 275 Jd. Eldorado, Diadema, SP
CEP 09972-270

Brasil

Dr. Maria Leonor Ribeiro Casimiro Lopes Assad
Universidade Federal de Sdo Carlos - Centro de
Ciéncias Agrdrias - CCA/UFSCar

Departamento de Recursos Naturais e Protecdo
Ambiental

Rodovia Anhanguera, km 174 - SP-330

Araras - SGo 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
Observatdrio de Saude 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. Jodo Lucio de Azevedo

Dept. Genetics-University of SGo Paulo-Faculty of
Agriculture- Piracicaba, 13400-970

Brasil

Dr. Julia Inés Farifia
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. Cicero Flavio Soares Aragao
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
Laboratdrio 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 Ciéncias Farmacéuticas de Araraquara,
Univ Estadual Paulista, UNESP

Brazil

Dr. Nazime Mercan Dogan
PAU Faculty of Arts and Science, Denizli
Turkey

Dr lan 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 Trds-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 Ziirich
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 Lia Padola
Imunoquimica y Biotecnologia- Fac Cs Vet-UNCPBA
Argentina

Dr. Maria Madalena Vieira-Pinto
Universidade de Trds-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 Maringad
Brazil

Dr. Baogiang 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. lvana 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. Guogiang Zhu
University of Yangzhou College of Veterinary Medicine
China

Dr. Guilherme Augusto Marietto Gongalves
Sdo 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. Katia Flavia Fernandes
Biochemistry and Molecular Biology
Universidade Federal de Goids
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 AIMR 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 S| 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: © 2014, 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.




African Journal of Microbiology Research

Table of Content: December Special Review, 2014

ARTICLES

Review on common foodborne pathogens in Ethiopia
Edget Abayneh, Dagmar Nolkes and Biruhtesfa Asrade

A review and future potential approach for Campylobacter control in retail
poultry meats
Djamal Djenane, Javier Yangtiela and Pedro Roncalés

Environmental stress conditions affecting the N2 fixing Rhizobium-legume
symbiosis and adaptation mechanisms
Sara LEBRAZI and Kawtar FIKRI BENBRAHIM




academic]Journals

Vol. 8(53), pp. 4027-4040, 31 December, 2014
DOI: 10.5897/AJMR2014.7015

Article Number: 580D 1E649725

ISSN 1996-0808

Copyright © 2014

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

African Journal of Microbiology Research

Review

Review on common foodborne pathogens in Ethiopia

Edget Abayneh', Dagmar Nolkes® and Biruhtesfa Asrade®*

!College of Veterinary Medicine, Haramaya University, Ethiopia.
?School of Veterinary Medicine, Hawassa University, Ethiopia.

Received 15 July, 2014; Accepted 20 October, 2014

Foodborne pathogens are among the common causes of illness and death as well as public health
problem which result in the loss of labor force both in developed and developing countries. The World
Health Organization estimated that in developed countries, up to 30% of the population suffers from
foodborne diseases each year, whereas in developing countries up to 70% of cases of diarrheal disease
are associated with the consumption of contaminated food per year. Animal products such as meats,
fish and their products are generally regarded as high-risk commodity in respect of pathogen contents,
natural toxins and other possible contaminants. In Ethiopia, the widespread habit of raw beef consumption
is a potential cause for foodborne illnesses besides, the common factors such as overcrowding,
poverty, inadequate sanitary conditions, and poor general hygiene. In Ethiopia, as in other developing
countries, it is difficult to evaluate the burden of food borne pathogens because of the limited scope of
studies and lack of coordinated epidemiological surveillance systems. In addition, under-reporting of
cases and the presence of other diseases considered to be of high priority may have overshadowed the
problem of foodborne pathogens. This review focused on published report of common food borne
pathogen specifically Salmonella spp., Escherichia coli, Listeria spp., Staphylococcus spp. and
Campylobacter spp. in different parts of Ethiopia.

Key words: Campylobacter spp., Escherichia coli, Ethiopia, foodborne pathogen, Listeria spp., Salmonella spp.,
Staphylococcus spp.

INTRODUCTION

Foodborne pathogens are one of the leading causes of
illness and death in developing countries resulting in the
loss of labor force which could have contributed in the
economic growth (Fratamico et al., 2005).

Food borne diseases occur particularly in Africa because
of the prevailing poor food handling and sanitation
practices, inadequate food safety laws, weak regulatory
systems, lack of financial resources to invest in safer
equipment and lack of education for food-handlers (WHO,

2004). Of the foods intended for humans, those of animal
origin tend to be most hazardous unless the principles of
food hygiene are employed. Animal products such as
meats, fish and their products are generally regarded as
high-risk commodity in respect of pathogen contents,
natural toxins and other possible contaminants is an
unavoidable consequence of meat processing (Jones et
al., 2008). Data regarding meat borne diseases in Ethiopia
are not well documented among which studies conducted
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in different parts of the country have shown the public
health importance of several bacterial pathogens asso-
ciated with foods of animal origin (Bayleyegn et al., 2003;
Ejeta et al., 2004; Adem et al., 2008; Kumar et al., 2009;
Tefera et al., 2009).

In Ethiopia, like other developing countries, it is difficult
to evaluate the burden of food borne pathogens because
of the limited scope of studies and lack of coordinated
epidemiological surveillance systems. In addition, under-
reporting of cases and the presence of other diseases
considered to be of high priority may have overshadowed
the problem of foodborne pathogens (Oosterom, 1991).

The widespread habit of raw beef consumption is a
potential cause for food borne illnesses in Ethiopia, besides
the common factors such as overcrowding, poverty,
inadequate sanitary conditions and poor general hygiene
(Siddiqui et al., 2006).

In Ethiopia, there have been several studies conducted
on foodborne pathogens among which are Salmonella
spp., Escherichia coli O157:H7, Listeria monocytogenes,
Staphylococcus aureus and Campylobacter spp. but there
is no compiled document for easy access. Therefore, the
objectives of this review paper are: To provide well
organized data on available research works (published)
on common foodborne pathogens in Ethiopia. And to
show research gaps on foodborne pathogens in Ethiopia.

Salmonella spp.

Salmonella are the major food borne pathogenic bacteria
in humans as well as in animals. Salmonella species are
leading causes of acute gastroenteritis in several countries
and salmonellosis remains an important public health
problem worldwide, particularly in the developing countries
(Rotimi et al., 2008). Salmonellosis is the most common
food borne disease in both developing and developed
countries, although incidence rates vary according to the
country (Stevens et al., 2006). The fecal wastes from
infected animals and humans are important sources of
bacterial contamination of the environment and the food
chain (Ponce et al., 2008).

Salmonella infection in meat animals, including cattle,
swine and sheep, arises from intensive rearing practices
and the use of contaminated feeds (D’Aoust, 1989).
Cross-contamination of carcasses with Salmonella can
also occur during slaughtering operations. Stress asso-
ciated with transport of animals to abattoir augments
shedding of Salmonella by carrier animals and this may
contribute to the spread of the organism to other animals
in the slaughter plant (Baird-Parker, 1990; Isaacson et
al., 1999). Slaughtering procedures potentially involve
many risks of both direct and cross-contamination of
carcasses and meat surfaces. During slaughter, faecal
contamination of edible organs with subsequent conta-
mination of the carcass may occur. This can be carried
through all slaughter procedures up to the processing

of the raw products, which are important sources of
Salmonella in the human food chain (Edwards et al.,
1997).

It is usually difficult to evaluate the situation of
salmonellosis in developing countries because of the very
limited scope of studies and lack of coordinated epide-
miological surveillance systems (Oosterom, 1991; Ache
and Szyfres, 2001). In addition, under reporting of cases
and presence of other diseases considered to be of high
priority may have overshadowed the problem of salmo-
nellosis in some developing countries including Ethiopia.
The increased global population coupled with mass
production of animal and animal food and the rapid
international trade in agriculture, aquaculture and food
products could worsen the problem (D’Aoust, 1994).

A periodic surveillance of the level of Salmonella
contamination in the different food animals, food products
and environment is necessary to control the spread of the
pathogen and infection of man (Dawson, 1992). Therefore,
the different studies conducted on food borne salmo-
nellosis in different parts of Ethiopia by different
researcher are systematically summarized and presented
in Table 1.

From 2000-2013 almost 15 different studies were
published on foodborne Salmonellosis which are concen-
trated in some parts of Ethiopia especially in Addis Ababa
and Debre Zeit with 8 studies in Addis Ababa, 6 in Debre
Zeit. There might be unpublished studies done in other
place which helps to provide holistic figure of the overall
foodborne Salmonellosis patterns in Ethiopia. As a recom-
mendation, it is better to do region wide research to provide
a representative estimate of foodborne Salmonellosis in
Ethiopia.

Escherichia coli

Infection with E. coliO157:H7 is a major food borne and
zoonotic pathogen responsible for hemorrhagic colitis and
hemolytic uremic syndromes in humans. Transmission to
human occurs through consumption of undercooked
meat, unpasteurized dairy products, and vegetables or
water contaminated by feces of carrier animals (Songer
and Post, 2005).

Meats are a common source of E. coli contamination,
which may be acquired during slaughter through fecal
contact. E. coli outbreaks have been associated with meat
(especially ground beef), dairy products, mayonnaise,
apple cider, sprouts (radish), lettuce and spinach. E. coli
outbreaks have also been associated with swimming
pools and nursing schools (Arun, 2008).

Verocytotoxigenic E. coli (VTEC) (also referred to as
Shigatoxin-producing E. coli), including serotype O157:H7,
are one of such group, causing severe, chronic, and
potentially fatal illness such as hemorrhagic colitis,
hemolytic uremic syndrome, thrombotic thrombocyto-
penic purpura and, in severe cases, death, related



Table 1. Systematic summary of publications on foodborne Salmonellosis in Ethiopia.
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Antimicrobial

i 0,
Location  Sample/source Prevalence (%) Serotypes susceptibility profile References
D/Zeit S. Mishmarhaemek .
Feces 2/323(0.6) S. Typhimurium Resistant  to AMP, Alemayehu et al. (2003)
MLN 4/323(1.2) S Enteritidis CEP,
Abdo.muscle 9/323(2.8) S- Guildford SMX, TIC,
Diaph.muscle 10/323(3.1) S- Dublin TET
Slaughtered cattle
g@eit g Bayleyegn et al. (2003)
Dire— feces 7/370(1.9)
dawa MLNS 9/370(2.4) S. Braenderup
T 63/1116(5.6) S. Dublin
Jigijiga Muscle S. saintpaul
S. Typhimurium
?:I:lmuglhtered S Typhimurium var.
Copenhagen
Feces 18/119(15.1) S. Anatum
MLNs 19/119(15.9)
Liver 14/119(11.8)
Spleen 17/119(14.3)
Muscle 48/238(16.2)
Slaughter house personnel
Human stool 18/300(6)
Supermarket
Minced beef 46/380(12.1)
Chicken meat and giblet
Meat 54/452(8.3)
Liver 33/111(29.7)
Gizzard 48/116(41.4)
Heart 18/85(21.2)
AIA Chicken meat 16/104(15.4) S. Braendrup, Resistance to CEX '
DiZeit  Skin 8/104(7.7) Typhimuriumvar Molla and Mesfin (2003)
Liver 19/55(34.5) Copenhagen, Anatum,
Gizzard 23/56(41.1) Kottbus, Typhimurium
Heart 14/59(23.7)
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Table 1. Contd.

A/A Minced beef

Mutton

Pork

D/Zeit Feces
MLN

Liver

Spleen
Diagh.muscle

Abdo.muscle

D/Zeit Pork

AIA Feces
Modjo MLN
Liver
Spleen
Abdo. Muscle
Diagh. Muscle

23/160(14.4)

12/85(14.1)

9/55(16.4)

5/107(4.7)
3/107(2.8)

2/107(1.9)

7/107(6.5)
9/107(8.4)

7/107(6.5)

94/501(18.8)

7/204(3.4)
10/204(4.9)
2/204(0.9)
1/204(0.5)
2/204(0.9)
0/204

S. Infantis, Braenderup,

dublin, Saintpaul,
Bovismorbificans, Anatum,
vojle, S.1:8, 20

S. Infantis, Braenderup,
Anatum, Bovismorbificans
& S.1:47, z4, 223

S. Infantis, Braenderup &
Vejle

S. Infantis, Butantan

S. Infantis, Anatum,
Zanzibar, Butantan,
Typhimurium & Kingabowa
S. Infantis, Butantan,

Braenderup & Kottbus

S. Infantis & Butantan

S. Infantis & Butantan

& Gingabwa

S. Infantis, Braenderup &
Butantan

S. Anatum, Newport,
Enteritidis, Hadar,

Uganda, Eastnourne &
Kentucky

S. Typhimurium,

Give, Herdelberg,

Reading, Poona &
Enteritidis

Ejeta et al. (2004)

Woldemariam et al. (2005)

Multidrug resistant

(S.hadar highest). Molla et al. (2006a)

S.typhimurium (STR,

sulfisoxazole, TET, Molla et al. (2006b)
TMP) S. reading

(STR, SUL, TET).
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Abayneh et al.

A/A cecal content
MLN
Carcass swab

AA Chicken meat

Pork

Minced beef

Mutton

Cottage cheese
Fish
Ice cream

Stool sample

A/A Lettuce

Green paper

63/278(23)
99/278(36)
11/278(4)

29/208(13.9)

22/194(11.3)

12/142(8.5)

23/212(10.8)

4/190(2.1)
3/128(2.3)
0/126

5/68(7.4)

8/40(20)

4/40(10)

S. Hadar, Eastnourne,
Saintpaul, Typhimurium, &
Var. Copenhagen,
Enteritidis, Newport &
Anatum.

Substantially multidrug
resistant

S. Braenderup, Hadar,
Newport, Kentucky, S. braenderup(AMP,

Typhimurium , SPT, STR, SUL, SXT,
Bovismorbificans TMP)
& Anatum.

S. Newport, Haifa,

Dublin , Infantis & S. kentucky (AMP,

Kottbus. AMC, CEF, CIP, GEN,
NAL, SPT, STR, SUL,

S. Newport, Dublin, TTC)

Anatum, Infantis,

Typhimurium,

Kentucky & Saintpaul
S. Dublin (CRB, TTC)
S. Newport, Hadar,
Typhimurium, Dubilin,
Bovismorbificans,
Infantis & Zanzibar
S.Newport & Haifa

S. Newport &
Zanzibar

S. Newport

All salmonella isolates

resistant (PEN and
AMC)

Salmonella spp.

Aragaw et al. (2007)

Zewdu and Cornelius (2009)

Biniam and Mogessie (2010)
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D/Zeit Hide swab 31/100(31) S. Anatum (STR, TTC) Sibhat et al. (2011)
Hand swab(at fly 7/100(7) S. Newport (TTC, STR, SUL)
ggpfa:‘s’ab (atevisceration) 5102 S. Eastbourne (TTC)
2/100(2)
S. Uganda -
B/Dar Liver 2/186(1.1) S. Typhl_murlum Multidrug resistant Alemu and Zewde (2012)
S. Infantis
MLN 6/186(3.2) S. Newport
Carcass swab 9/186(4.8) S. Hl_delberg
Intestinal content sample S. Mls_hmarhaemak
11/186(5.9) S. Haifa
Mekelle Margarine 0/10
Mayonnaise 2/10(20)
Sardine 2/10(20)
“wot” 13/30(43.3) Mekonnen et al. (2012a)
Macaroni 2/10(20)
“fata” 0/30 Salmonella spp.
“zahla” 4/10(40)
Mango juice 7115(45)
Avocado juice 4/17(23.5)
Fruit mix 2/8(25)
Table scraping 11/110(10)
B/Dar Ready to eat white lupine 23/40(57.5) Salmonella spp. E;g??%% rge(;)' )S tance to Mulgeta and Million (2013)
A/A Whole egg 18/384(4.6 S. Enteritidis - Zinabu et al. (2013)

A/A: Addis Ababa B/Dar: Bahir Dar D/Zeit: Debre Zeit (current name Bishoftu).

to their ability to produce one or more toxins
known as verotoxin or Shiga toxin (Tarr, 1995).
Consumption of raw or undercooked foods of
bovine origin has been the most common means
of transmitting VTEC organisms in sporadic cases
and in outbreaks of VTEC infection (Uhitil et al.,
2005).

Outbreaks of E. coliO157 have been reported in
different parts of the world and antibiotic use is

controversial because of the potential to increase
production and secretion of Shiga toxins. Increase
in antibiotic resistance has been noted over the
last 20 years (Adem et al., 2008). Differentiation of
pathogenic strains from the normal flora depends
on the identification of virulence characteristics
(OIE, 2008).

In Ethiopia, there were studies conducted by
few researchers (Adem et al., 2008; Mersha et al.,

2009; Taye et al.,, 2013) to determine the
occurrence and proportion of E. coli O157:H7 in
faeces, skin swabs and carcasses of sheep, goat
and cattle in Debre Zeit, Modjo and Haramaya
University. Even though little is known about the
prevalence and antimicrobial susceptibility pattern
of this bacterium in Ethiopia either in humans or
animal population or foods, there is no information
in eastern Ethiopia generally and in Haramaya



University and its surrounding specifically, where large
populations of cattle are reared for slaughter Taye et al.,
2013).

Studies done on foodborne E. coli infection are few in
number and little is known about the public health effect
of foodborne E. coli due to lack of well documentation
system and integrated surveillance system in Ethiopia.
This review will provide a systematic summary of those
studies conducted by few researchers on foodborne E.
coli infection (Table 2).

Different researches were conducted on foodborne E.
coli based on abattoir sample, butcher shop, dairy milk
and different food which are ready to eat from 2008-2014
only in limited parts of Ethiopia. Out of seventeen research,
six specially emphasized on E. coli O157:H7 serogroups.

As a remark since E. coli O157:H7 is an emerging
foodborne and zoonotic pathogen, researchers should
emphasis on the public health significance of this pathogen
to assess the overall prevalence and public health
importance of food borne E. coli 0157:H7 in Ethiopia.

Listeria monocytogenes

Listeriosis is one of the important emerging bacterial
zoonotic diseases that occur in a variety of animals and
humans. It arises mainly from the consumption of
contaminated food products (Acha and Szyfres, 2001;
Malik et al., 2002). Reports indicate that listeriosis has
emerged to be more important in developed countries but
is reported less frequently in developing countries (Todar,
2003). This could be associated with lack of awareness
of laboratory technicians or lack of diagnostic facilities
and limited resources together with the presence of other
disease epidemics that claim more priority than listeriosis
in developing countries including Ethiopia.

A number of food borne outbreaks caused by L.

monocytogenes, have so far been reported, which were
known to cause serial deaths in a number of individuals
and in different regions, especially in Europe and the
USA (Todar, 2003). However, in most African countries,
there are a few reports on Listeria and listeriosis, as
compared to the Europe and USA (Molla et al., 2004).
This is because; the organism has not been given much
attention, and may be due to lack of adequate facility, life
style differences and RTE foods are more common in
USA and Europe than in Africa regardless of the habit of
consumption of raw milk and milk product as well as raw
meat. Published information on the status of food borne
listeriosis is very limited both in the veterinary and public
health sectors in Ethiopia and those studies which are
published are presented in well summarized manner
(Table 3).
Few researches were done on foodborne L.
monocytogenes and other Listeria spp. in Ethiopia from
2000- 2014 and all studies were done in Addis Ababa.

There may be unpublished study output which is kept on
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shelf only, so this will not represent the overall status of
foodborne L. monocytogenes in Ethiopia. This is a wide
research area for researchers with emphases given on
public health significance, prevalence and antimicrobial
susceptibility profile of L. monocytogenes since little is
known about the burden of L. monocytogenes in food
specifically in raw milk and meat product and habit of
consuming raw milk and meat in Ethiopia.

Staphylococcus aureus

S. aureus is one of the most common causes of food
borne intoxication in most countries of the world. S. aureus
is afacultative anaerobic Gram-positive coccus, nonmotile,
catalase and coagulase positive of the micrococcaceae
family (Bhatia and Zahoor, 2007).

Convenience food offers a suitable growth environment
for toxin-producing bacteria such as S. aureus, which is
able to grow and express virulence in a wide variety of
foods such as milk products, mixed foods, meat and meat
products, egg and egg products, cakes and ice cream
(Silva et al., 2001).

Various fatal diseases caused by street food intoxi-
cations have been lately reported (Sina et al., 2011). In
reported street food epidemiology studies, S. aureus is
the most predominant virulent bacteria responsible for a
wide range of human diseases. It represents the major
causal agent of food intoxication through its enterotoxin
products (Le Loir et al., 2003). Several studies have been
conducted in Ethiopia but there is no properly docu-
mented file so this review provides a published research
output in summarized manner in Table 4.

Various researches has been done on foodborne S.
aureus intoxication in certain parts of Ethiopia but little is
known about the status of S. aureus due to less priority
given by researchers and public health professionals both
in human and veterinary medicine in Ethiopia at large.
From 2000-2014 only nineteen published studies were
done among which are 2 in Jimma, 2 in D/Zeit, 1 in
Jigjiga, 3 in Mekelle, 2 in B/dar, 1 in Adami-Tulu, 1 in
Adama, 1 in Shashemene, 1 in Gondar, 1 in Hawassa, 1
in Yabello, 1 in Humera and Abergelle and 2 in A/A.
Since S. aureus is a highly zoonotic foodborne pathogen,
due emphases should be given to assess and determine
the overall prevalence, public health significant and
antimicrobial susceptibility profile of foodborne S. aureus
in Ethiopia.

Campylobacter spp.

Campylobacteriosis is historically a zoonotic disease
found among cats, goats, poultry, calves, lambs and
dogs. Although uncommon, human-to-human spread is
also possible through faecal-oral route. The cross-
contamination of foods during preparation is also likely to
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Table 2. Systematic summary of publications on foodborne E. coli including E. coli O157:H7 in Ethiopia.

E. coli

Location Sample/source Prevalence (%) Serotype Antimicrobial susceptibility profile Reference
Meat
Di/Zei Beef 20/2 KAN, STR, AMP
Jzett ee 0/250(8) . (KAN, STR, AMP, Hiko et al. (2008)
Modjo Mutton 6/243(2.5) E. coli O157:H7 CEP, TTC, TRIM)
Goat meat 5/245(2)
Feces 8/172(4.7)
Skin swab 15/172(8.7) E. coli O157:H7
Modjo Carcass before wash 14/172(8.1) Mersha et al. (2009)
Carcass after wash 15/172(8.7)
W ater 1/23(4.3)
12
‘Kitifo’ 120
f Th I -
Jimma il;rrctsiiv\rvzt:) 33 Eer:c])(lji Eg;;;m Haimanot et al. (2010)
. 0
44/165(26.6)
I 0,
Jimma Cow milk 164/218(75.22) E. coli (9.17%) - Tariku et al. (2011)
isolates
Gondar Cow milk 164/322(50.9) E. coli (4.3%) ERY, AMP, TTC Nibret et al. (2011)
B/dar Cow milk 99/139(71.2) E. coli (2.5%) - Molalign et al. (2011)
Shashemene Cow milk 217/364(59.6) E. coli (10.6%) - Desie et al. (2011)
Yabello Cow milk 81/712(11.37) E. coli - Adane et al. (2012)
H &Ab Sheep milk 135 E. coli (17%)
HameragADerg Goat?n”k 255 ' ° - G/Wahid et al. (2012)
84/390(21.5)
Margarine 4/10(40)
mayonnaise 2/10(20)
sardine 0/10
“wot” 4/30(13.4)
Macaroni 0/10
“fata” 10/30(33.4)
Mekele E coli Mekonnenet al. (2012a)
“Zahla” 2/10(20) '
Mango juice 3/15(20)
Avocado juice 7/17(41.1)
Fruit mix 1/8(12.5)
Table scraping 32/110(29)
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Meat
Mekele Butcher shop 2/30(6.7) E. col AMP, ERY, CL, NA, CHL, TRIM-SUL  Mekonnen et al. (2012b)
Abattoir 2/5(40) E. coli32 (91.4%)
Street meat sales 3/5(60) E. coli O15:H7 3 (2.6%)
E.coli (TTC (48.57%), C (28.86%),
Cow milk 128/174(73.56) E. coli (27.3%) KEN (8.86%), SPT (5.7%), AMP
Mekele (é5_7%) )AMC (6(56.670)/0)) Haftu et al. (2012)
E.coli 0157:H7
Haramaya Carcass swab 35/113(30.97) E. coli (TTC (33.33%), AMP (100%), AMC
university ’ ! ' Taye et al. (2013)
(100%).
B/dar . . 29/40(72.5) E. coli Resistantto TTC Mulugeta and Million (2013)
Ready to eat white lupin
Holeta Cow milk 183/224(81.7) E. coli (11.6%) Ayano et al. (2013)
E. coli O157:H7 i
A/A Cow milk 80/118(67.8) (6.9%) i Zeryehun et al. (2013)
E. coli (18.7%)
Camel carcass 2/70(2.86)
Jigjiga PES 6/90(6.67) E. coli O157:H7 - Henok (2014)
Meat 4/70(5.71)
Table 3. Systematic summary of study done on foodborne L .monocytogene in Ethiopia
Location Sample/source Prevalence (%) Listeria spp. Antimicrobial susceptibility profile References
Minced beef 29/61(47.5) L. monocytogene (5.1%)
Pork 37/53(69.8) L. innocua (21.2%)
Chicken 8/52(15.4) L. seeligeri
ATA Fish 8/43(18.6) L. welshimeri Molla et al., 2004
Cottage cheese 1/61(1.6) L. murrayi
Ice cream 20/46(43.5) L. grayi
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L. monocytogene (19.7%)
Raw meat 41/60(68.34) L. innocua (39.4%)
Raw milk 6/60(10) L. seeligeri(4.5%)
AIA Cottage cheese  6/60(10) L. welshimeri (12.12%) Firehiwot (2007)
Cream cake 13/60(21.67) L. murrayi (13.6%)
L. grayi (1.5%)
Pasteurized milk  0/101
Cheese 0/102
Ice cream 43/101(42.7)
np | Cake 12/101(12.1) ti'szz‘:ig";))’;‘?g(ngeg%g%) Desalegn et al. (2009)
Minced beef 48/102(47.7)
Pork 63/102(62.5)
Chicken carcass 16/102(16.67)
L. monocytogene (5.4%)
Liquid whole egg  37/115(32.2) - "nocua (15.9%)
Raw beef 30/76(51.3) L Seeligeri (1%)
A/A . L. welshimeri (1.8%) Gebretsadik et al. (2011)
Raw milk 22/100(22) .
Cottage cheese  4/100(4) L. murray! (0.8%)
L. grayi (0.8%)
L. ivanovii (0.5%)
Jigiiga Camel carcass 0/70
PES 0/90 L. monocytogenes Henok (2014)
Meat 1/70(1.43)

Table 4. Systematic summary of studies conducted on foodborne S. aureus in Ethiopia

Staphylococcus Antimicrobial

Location Sample/source  Prevalence (%) S susceptibility References (*=unpublished)
Pp. profile
CNS (49.6%)
) S. aureus (17.8%) TTC, ERY, OXA, *
B/dar Cow milk 147/1347(10.9) S. intermidius (5.2%) CHL CL S Alemaw (2004)
msktferi”;ecj ik 941100(94) S. aureus,
. 70/77(91) S. intermidus,
D/Zeit gsgkegt . 77177(100) S. hyicus i Wubete (2004)
Stored milk 12/12(100) S. epidermidus
Adami- tulu Goat milk 374/680(55) S. aureus (12.8%) CLO, METH ,OTTC, Wakwoya et al. (2006)
CNS (9.6%) ERY, CHL
0,
. Cottage cheese  48/200(24) S .aureus. (.7 %)
D/Zeit . S. intermidius (7%) -
Bucket milk 33/100(33) S. hyicus (5%) Mekonnen (2009)
Tank milk 46/100(46) -y

CNS (12.8%)
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B/dar

Adama

Jimma

Shashemene

Gondar

Jimma

Yabello

Hawassa

Humera &
Abergelle

Mekelle

Mekelle

Mekelle

Cow milk

Cow milk

Kitifo

Surface swab
Carcass swab
Cow milk

Cow milk

Cow milk

Cow milk

Cow milk

Goat milk

Sheep milk

Cow milk

Margarine
Mayonnaise
Sardine
“wot”
Macaroni
“Feta “
“zahla”
Mango juice
Avocado
Fruit mix
Table scraping

Meat

Bucher shop
Abattoir

Street meat sale

99/139(71.2)

59/140(42.14)

120
12

33
20/165(12.1)
217/364(59.6)

164/322(50.9)

164/218(75.22)

577/712(81)

78/160(48.75)

255
135
84/390(21.5)

128/174(73.56)

2/10(20)
0/10

0/10
1/30(3.34)
1/10(10)
5/30(16.7)
2/10(20)
5/15(33.3)
2/17(13)
0/8
55/110(50)

2/30(6.7)
2/5(40)
3/5(60)

S. aureus (20.3%)
CNS (51.9%)

S.aureus

S. aureus (28.1%)
Other Staph
(22.1%)

S.aureus (16.5%)
CNS (31.1%)

S.aureus (39.44)
CNS (18.8%)

S.aureus (29.2%)

S.aureus

S.aureus (27.7%)
CNS (44.7%)

S. aureus (36%)

S. aureus

S. aureus

AMP (36.1%),
STR (5.6%),
PEN (94.4%),

TMP-SULFA
(58.3%)

(AMP, STR, AMC,
ERY, OXA, VAN)

TTC,CAF, KAN,
OXA, AMP, SU, S,
ERY, CL

PEN-G, VAN,
CHL,CAF,
NAL, AMP

AMP, PEN-G, OXA

CHL, AMP, ERY,
Trim-sulfa

Molalign et al. (2010)

Abera et al. (2010)

Haimanot et al. (2010)

Desie et al. (2011)

Nibret et al. ( 2011)

Tariku et al. (2011)

Adane et al. (2012)

Dakaet al. (2012)

Gebrewahid et al. (2012)

Haftu et al. (2012)

Mekonnen et al. (2012a)

Mekonnen et al. (2012b)
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AIA Cow milk 71/146(64.54) .
S. agalactiae
(18.3%)
CNS (11.2%)
AIA Cow milk 80/118(67.8)
Camel carcass 6/70(8.57)
Jigjiga PES 29/90(32.22) S. aureus
Meat 11/70(15.7)

S. aureus(28.7%) -

S. aureus(21.13%)

- Abunna et al. (2013)

Zeryehun et al. (2013)

- Henok (2014)

Pen-G-penicillin G, S-streptomycin, CAF-chloramphenicol, tmp-sulfa-trimethoprim-sulfaoxizine, CL-clindamycine, Sul-sulfioxazole.

Table 5. Systematic summary on foodborne Campylobacteriosis in Ethiopia.

Location Sample/source Prevalence Campylobacter Antimicrobial susceptibility References
P (%) spp. profile (*=unpublished)
AIA Beef 14/227(6.2) L
. 78%
Dizeit  Sheep meat 12/114(10.5) g Le;::rz'l;;))")
Goat meat 7/92(7.6) C- lari (4%) i Dadiand Asrat (2008)
Pork 4/47(8.5) ' °
Chicken 13/60(21.7)
C. jejuni (7.3%) .
Dizeit  Sheep carcass 23/218(10.6)  C. coli (2.7%) ; Woldemariam et al. (2009)
) C. jejuni (92.5%) AMP, ERY, STR, TTC .
B/dar Chicken 160/220(7.27) C. coli (7.5%) AMP. STR, TTC Ewnetu and Mihret (2010)
Camel carcass  4/70(5.71) T 0
Jigiga  PES 3/90(3.33) g fg‘l:rz'z(iiff’) Henok (2014)
Meat 3/70(4.28) ' i

be important (Solomon and Hoover, 1999).

The pathogenesis of C. gastroenteritis is not fully charac-
terized (Rollins and Joseph, 2001). A serious consequence
of diarrheal diseases is the Guillain-Barré syndrome (GBS)
characterized by polyneuritis of the peripheral nerves,
which may lead to either short-term or lengthy paralysis
(Blaser et al., 1983).

In Ethiopia, few studies reported that Campylobacter
species are common cause of childhood diarrhea and
antimicrobial resistant strains were also reported (Beyene
and Haile-Amlak, 2004). The absence of national surveil-
lance program, limited routine culture availability for the
isolation of Campylobacter species at clinical and research
settings, the need for selective media and unique growth
atmosphere; makes it difficult to give an accurate picture
of the burden. This fact indicates that Campylobacter as
a causative agent of diarrhea is not given appropriate
weight and consideration in Ethiopia. Those studies

which are done on foodborne Campylobacteriosis in
different parts of Ethiopia are summarized in Table 5.

Very few published studies are found on foodborne
campylobacteriosis in Ethiopia regardless of sever patho-
genic cause of gastroenteritis in human. Studies from
2000-2014 show that only three published research were
done in Addis Ababa and D/Zeit (Dadi and Asrat, 2008),
D/Zeit (Woldemariam et al., 2009) and B/dar (Ewnetu
and Mihretu, 2010) and one unpublished research done
in Jigjiga (Henok, 2014). Since foodborne campylobac-
tersis are the cause of diarrhea in human especially in
children little emphases is given by human and veterinary
medicine.

As a remark, researchers should give special attention
to this area to assess and determine the prevalence;
public health significance and antimicrobial susceptibility
profile of foodborne campylobactersis with special
emphases on Campylobacter jejuniand Campylobacter coli



in Ethiopia since this species become an emerging
antimicrobial resistant strain due to consumption of not
thoroughly cooked food of animal product like poultry
since sometimes while cooking doro-wote when the
chickens are young, the meat is easily cooked with
minimum heat in this case some of the bacteria may
survive heating temperature and transfer the antimicrobial
resistant gene to the normal intestinal flora of human by
either plasmid, transposons or transfor-mation.

All the published studies on common food borne
pathogens such as Salmonella spp., Escherichia coli
spp., Listeriaspp., Staphylococcus spp. and Campylobacter
spp. conducted by different investigators in Ethiopia have
shown the widespread distributions of foodborne pathogen
isolates in the community. Several common foodborne
pathogens with their antimicrobial resistance profiles
have been investigated from the year 2000-2014.

Recommendations

1. The epidemiology of foodborne pathogen in Ethiopia
has not been well investigated and it requires continuous
integrated surveillance both nationally and regionally in
order to establish holistic figure for foodborne pathogen in
the country.

2. The national research institutes and government
universities should be able to identify foodborne pathogen
to the level of serovar and measure quantitatively antibiotic
susceptibility pattern, so that comparison with serovars
isolated from humans, animals and food products could
be possible. Additionally if all these institutions are working
in well-organized way, it will avoid repeated work on
same area and same pathogen finally saving extra costs
for surveillance.

3. To decrease the incidence of foodborne pathogen in
Ethiopia, besides giving attention in identification, suscepti-
bility testing and reporting during routine bacteriological
analysis, public health measures such as improving
personnel, food hygiene and intensive health education
should be implemented.

4. Finally, according to “publish or perish” motto of the
scientific community, it is recommended that everyone
should publish the research outputs and make them
available to the public.
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Campylobacteriosis is considered the most frequent zoonosis in humans, and the handling and/or
consumption of poultry meat are considered the main source for human infection. Moreover, largely
owing to the recent food authority ban on the use of antibiotic growth promoters in animal feed, it is
now very important to look for new effective strategies to reduce the incidence of these bacteria in the
host. Chicken intestines, and also the intestines of other animals, are the only sites where
Campylobacter proliferates in meat. Therefore, the development of a novel approach for controlling
Campylobacter could be a very valuable alternative strategy in the fight to eliminate these bacteria from

the poultry meat chain.

Key words: Poultry, meat, retail, Campylobacter, control, novel approach.

INTRODUCTION

Campylobacter contamination of poultry carcasses is
common, and chicken are generally recognised to play a
significant role in human Campylobacter infection (Raut
et al., 2012; Torralbo et al., 2014). Campylobacteriosis
remains the most frequently reported zoonotic disease in
humans in the European Union (Table 1). It is estimated
that there are approximately nine million cases of human
campylobacteriosis per year in the EU 27 (EFSA, 2010,
2011; Kvalsvig et al., 2014).

Some studies show that more than 98% of products
derived from raw chicken in shops could be contaminated
with this bacterium (Jacobs-Reitsma et al., 2008).

Campylobacter are ubiquitous bacteria, frequently found
in the alimentary tracts of animals, especially birds and
commonly contaminate the environment, including water
(Figure 1).

Campylobacteriosis in humans is caused by emerged
thermotolerant Campylobacter spp. these pathogens are
a leading cause of zoonotic enteric infections in most
developed and developing nations  worldwide.
Campylobacter jejuni has recently overtaken Salmonella
spp. as the major reported source of food-borne bacterial
diseases within the European Union (Table 2).

A number of countries have

*Corresponding author. E-mail: djenane6@yahoo.es, d.djenane@hotmail.com. Tel: 00 (+213) 779 001 384. Fax: 00 (+213) 26 21

68 19.

Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License

4.0International License

instituted successful



http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US

4042

Afr. J. Microbiol. Res.

Table 1. Reported campylobacteriosis confirmed in
humans (EFSA, 2010, 2011).

Country Cases/100,000 inhabitants
Austria 51.4
Belgium 47.9
Bulgaria 0.2
Cyprus 29
Czech Republic 193.3
Denmark 63.4
Estonia 115
Finland 84.0
France 54
Germany 78.9
Hungary 54.7
Ireland 39.8
Italy 0.4
Latvia 0.0
Lithuania 225
Luxembourg 90.7
Malta 18.8
Poland 0.7
Romania 0.1
Slovenia 44.2
Spain 11.4
Sweden 83.8
The Netherlands 39.2
The United Kingdom 90.9

Figure 1. Campylobacter spp. sources and risk factors for human illness.


http://worldcountries.bibleclue.com/netherlands.html

Table 2. Prevalence of Campylobacter-
contaminated broiler carcasses in the EU
(EFSA, 2010).

Country Prevalence (%)
Austria 47.8
Belgium 31.0
Bulgaria 29.6
Cyprus 30.6
Czech Republic 61.3
Denmark 19.0
Estonia 2.0
Finland 3.9
France 76.1
Germany 48.9
Hungary 50.1
Iceland 25.0
Ireland 83.1
Italy 63.3
Latvia 41.0
Lithuania 41.5
Luxembourg 100
Malta 96.8
Norway 3.2
Poland 78.9
Portugal 82.0
Romania 77.0
Slovenia 78.2
Spain 88.0
Sweden 13.2
Switzerland 59.0
The Netherlands 24.4
The United Kingdom 75.3

prevention and surveillance measures  against
Campylobacter infections. However, campylobacteriosis
is challenging to study and some aspects remain poorly
understood (Kvalsvig et al., 2014; Macritchie et al., 2014).
C. jejuni has been found to be associated with biofilms of
other bacterial species. Biofilm formation may play a role
in the epidemiology of C. jejuni infections (Gunther and
Chen, 2009). Although it is generally recognized that
there are many sources of Campylobacter spp.,
campylobacteriosis is predominantly believed to be
associated with the consumption of poultry meat,
especially fresh broiler meat (Table 3).

Over the past decade, risk analysis, a process
consisting of risk assessment, risk management and risk
communication, has emerged as a structured model for
improving food control systems, with the objectives of
producing safer food and reducing the numbers of food-
borne illnesses (Milios et al., 2014). Therefore, control of
Campylobacter spp. commonly focuses on reducing the
occurrence of Campylobacter in broiler meat. In recent
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years, several quantitative risk assessments for
Campylobacter in broiler meat have been developed to
support risk managers in controlling this pathogen
(Comin et al., 2014). The risk assessments are not only
used to assess the human incidence of campylobacteriosis
due to contaminated broiler meat, but more importantly
for analyses of the effects of control measures at different
stages in the broiler meat production chain. Microbio-
logical risk assessment can be considered as a tool that
can be used in the management of the risks posed by
food-borne pathogens and in the elaboration of standards
for food in international trade. Given the public health and
economic problem represented by Campylobacter, it is
important to take measures in order to reduce
Campylobacter prevalence throughout the poultry pro-
duction chain leading to a reduced incidence of the
human illness. Several strategies have been applied to
reduce Campylobacter counts on chicken meat, including
attempts to eliminate Campylobacter from the farms by
increasing biosecurity and the separation of conta-
minated flocks, and by improving hygiene during the
process of slaughtering (Sasaki et al., 2014). In addition,
several experimental approaches like the reduction of
colonization by competitive exclusion, antibacterial agents,
or phage therapy are being investigated for their efficacy
(Timms et al., 2010). The combination of prebiotics and
probiotics to reduce Campylobacter are known as
symbiotic, and may have antimicrobial activity (Klewicki
and Klewicka, 2004). It is generally acknowledged that
Campylobacter is sensitive to acid conditions. Several
strategies developed to reduce Campylobacter popu-
lations are based on the acidification of the pathogen
environment or by acidification of drinking water and feed
(Chaveerach et al., 2002). Although these measures
undoubtedly will help to control shedding of
Campylobacter by the animals and may reduce the
number of positive flocks, vaccination of poultry against
Campylobacter will probably be the most effective and
remains a major goal. However, several studies have
actually pointed out partial association between the
veterinary use of antibiotics and the emergence of
resistant strains of Campylobacter related to human
enteritis (Luangtongkum et al., 2006).

In recent years, there has been increased research
interest in the use of no thermal alternative methods for
microbial inactivation, such as, high hydrostatic pressure
or pulsed electric fields. The attraction of these
technologies lies in the production of microbiologically
safe foods with minimal changes in their sensory and
nutritional attributes. Several relatively recent studies
describe in detail the antimicrobial properties of wine
against C. jejuni. The results indicate that the exposure of
contaminated food to wine, as in marinade conditions,
significantly reduces the number of viable cells of C.
jejuni (Isohanni et al., 2010). Consumers demand high
quality, natural, nutritious, fresh appearance and
convenient meat products with natural flavour and taste
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Table 3. Risk factors associated with enteric Campylobacter.

Risk factors

References

Drinking untreated water, drinking raw milk, eating undercooked chicken, cat in
household.

Eating undercooked chicken, eating pre-packed sandwiches, consumption of raw
milk, consumption of mushrooms.

Eating undercooked chicken, daily contact with cat, consumption of raw milk.
Eating undercooked chicken.

Eating undercooked chicken, use of untreated water.

Travel abroad, eating undercooked chicken.

Handling raw meat, contact with animals with diarrhoea, consumption of untreated
water.

Eating undercooked chicken and consumption of chicken prepared at restaurant,
travel abroad, Drinking unpasteurized milk, contact with animals.

Foreign travel, eating chicken, drinking milk from bottles damaged by birds,
consumption of medication Omeprazole.

Drinking unpasteurized milk, consumption of chicken, consumption of pork with

Hopkins et al. (1984)

Harris et al. (1986)

Deming et al. (1987; Schmid et al. (1987)
Kapperud et al. (1992)

Ikram et al. (1994)

Schorr et al. (1994)

Adak et al. (1995)

Eberhart-Phillips et al. (1997)

Neal and Slack (1997)

bones, barbecuing, daily contact with chickens, living or working on a farm.

Eating chicken prepared commercially
Travel abroad, eating chicken prepared commercially

Consumption of undercooked poultry, consumption of red meat at a barbecue,
Consumption of grapes. Drinking unpasteurized milk. Travelling abroad.

Consumption of untreated water, consumption of undercooked poultry. Contact with

poultry.

Contact with poultry

Travel abroad, Consumption of chicken prepared at restaurant (and other meats).
Food handling and consumption of undercooked problematic chickens.

Eating roasted chicken meat and Russian salad.
Consumption of salad.

Studahl and Andersson (2000)

Effler et al. (2001)
Rodrigues et al. (2001)

Neimann et al. (2003)

Kapperud et al. (2003)

Potter et al. (2003)
Friedman et al. (2004)
Osiriphun et al. (2012)
Calciati et al. (2012);
Signorini et al. (2013)

Table 4. Growth characteristics of thermophilic Campylobacter
species (Park, 2002).

Optimum Inhibition
Temperature 40-42°C <30°C —>45°C
pH 6.5-7.5 <49->90
02 3-5% 0-15t0 19%
CO2 10% -
N2 85% -
Water activity 0.997 <0.987
NaCl 0.5% >2%

and an extended shelf-life. One area of research is the
development of new and improved methods of meat
preservation. Due to negative consumer perceptions of
artificial preservatives, attention is shifting towards
alternatives that the consumers perceive as natural and
in particular, bio preservation and plant extracts, including
their essential oils (EOs) and essences. It is well esta-

blished that these natural compounds have antimicrobial
properties against the human enteropathogen C. jejuni.
This paper presents the short review of recent works on
the strategies application to prevent or reduce
Campylobacter contamination in poultry meat.

CAMPYLOBACTER

Campylobacter cells are Gram-negative spirally curved
rods. In general, Campylobacter species do not grow in
conventional aerobic or anaerobic culture systems.
Campylobacter are O,-sensitive micro-aerophilic bacteria
(Table 4), with optimal growth in an atmosphere con-
taining 5-10% O, and 1-10% CO,, which is related to its
niche in the avian tract (Park, 2002). They do not ferment
or oxidize sugars and are sensitive to hydrogen peroxide
and superoxide anions produced in media. C. jejuni and
C. coli are distinguished from most other Campylobacter
species by their high optimum growth temperature
(42°C). The Campylobacter genus has 17 species, 14 of



Table 5. Prevalence (%) and species of Campylobacter in retail
meat under modified atmosphere packaging (MAP) or unpackaged
(Lynch et al., 2011).

Meat Packaging No. of samples Positive (%)
Beef MAP 92 36 (39)
Unpackaged 94 30 (32)
subtotal 186 66 (36)
Pork MAP 91 21 (23)
Unpackaged 88 19 (22)
subtotal 179 40 (22)
Chicken MAP 55 9 (16)
Unpackaged 130 21 (16)
subtotal 185 30 (16)

which have been associated with human illnesses, and of
these, C. jejuni and C. coli cause more than 95% of the
infections attributed to this genus (Park, 2002).

This combination of strict requirements places C. jejuni
in the unique group of food-borne pathogens which are
not able to multiply outside of the host and grow in food
during either processing or storage. The bacterial cells
react to temperature downshift by altering cell morphology
and physiology. As the temperature decreases, coccoid
cells are formed, resulting in viable but non-cultivable
forms. This is considered to be an adaptive response to
hostile external environments (ICMSF, 1996). The resusci-
tation of non-cultivable cells has been demonstrated in
chickens (Stern et al., 1994). Even though C. jejuni does
not grow below 30°C, the bacterium survives on raw
meat surfaces at refrigerated temperatures and thus
poses a risk to the consumer (Ligowska et al., 2011).
Superoxide dismutase plays an active role in the protect-
tion against oxidative stress and aerotolerance and is an
important factor for survival of Campylobacter in food
(Park, 2002). Campylobacter are particularly sensitive to
drying and reduced pH. In addition, Campylobacter is
sensitive to salt concentrations above 1.5%. C. jejuni and
C. coli are sensitive to heat and do not survive cooking or
pasteurization temperatures with D-values of 0.21-2.25
min at 55-60°C (ICMSF, 1996).

ANTIBIOTIC-RESISTANCE

The use of antimicrobial agents in food animals has
resulted in the emergence and dissemination of
antimicrobial-resistant bacteria, including antimicrobial-
resistant Campylobacter, which has potentially serious
impact on food safety in both veterinary and human
health (Messad et al., 2014; Abay et al.,, 2014). The
antimicrobial resistance increased, especially to a
fluoroquinolone, ciprofloxacin, in many Campylobacter
species (Cakmak and Erol, 2012; Lazou et al., 2014).
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This is particularly seen as a risk for fluoroquinolone
resistant Campylobacter (Geenen et al., 2010), and the
use of antimicrobials to control Campylobacter in broilers
is strongly discouraged. Andersen et al. (2006) found that
raw food samples from the retail level represent an
important sampling point, which reflects the consumer
exposure to resistant C. jejuni originating from raw
poultry.

RETAIL POULTRY MEATS

Many papers have reported on the level of contamination
with Campylobacter spp. in retail poultry meats and/or by-
products (Table 5). For example, the prevalence of
Campylobacter spp. was reported to be 32.0-43.0% in
Germany (Adam et al.,, 2006), 50.5-73.5% in the UK
(Meldrum et al., 2006), 79.0% in the USA (Nannapaneni
et al., 2005), 62.4% in Canada (Valdivieso-Garcia et al.,
2007) and 62.9% in southern Spain (Torralbo et al.,
2014).

The majority of Campylobacter infections are acquired
via the oral route after handling raw poultry or consuming
undercooked poultry. Seasonality has been found to
influence the Campylobacter prevalence in retail chicken
meat (Boysen et al.,, 2011; Cakmak and Erol, 2012).
Campylobacter contamination in chicken is highest during
summer and early autumn. In the home, during meal
preparation, individuals can be exposed to Campylobacter
from fresh chicken through a large number of pathways.
These pathways could include: direct contamination from
the chicken to any food commodities not undergoing a
subsequent cooking step before ingestion; indirect
contamination of surfaces upon which cooked products or
ready-to-eat food are placed; contamination directly onto
hands and subsequent ingestion; insufficient cooking;
and a wide variety of other potential contamination
events. Transfer can be facilitated by liquid carried on
hands, utensils and cutting boards and these mechanisms
may be a significant contributor to exposure and food-
borne iliness. Unsafe food handling procedures in private
kitchens are assumed to be responsible for a large
number of cases of food-borne diseases in most
countries (Zhao et al.,, 1998). Lynch et al. (2011)
demonstrate that retail meats contain a much more
diverse range of Campylobacter, particularly on beef and
pork products. The incidence of Campylobacters on beef
(36%) was significantly higher than on pork (22%) or
chicken (16%), and far exceeds previously reported
prevalence levels.

It has been found that polyphosphates present in
exudates processed chicken, were determined to be
largely responsible for the improved survival of
Campylobacter spp. Therefore, polyphosphates used to
enhance chicken quality aid in sustaining the numbers of
Campylobacter bacteria, increasing the opportunity for
disease via cross-contamination or improperly cooked
poultry (Nereus and Gunther, 2010). Organic and other
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no conventional broiler products are now readily available
for retail in many countries, yet very little is known about
the status of these broiler flocks with regard to the
prevalence of Campylobacter.

NEW DEVELOPING
CAMPYLOBACTER

STRATEGIES AGAINST

Primary production

This involves feeding with complex mixtures of bacteria
that reduce attachment of pathogens to the gut mucosa.
Competitive exclusion flora is a concept taking advantage
of bacterial antagonism to reduce animal intestinal colo-
nization by pathogenic microorganisms (Schneitz, 2005).
Commensal gut flora may be manipulated by changing
the diet of the animal and some research has shown that
chickens given certain diets are better able to resist
challenge with campylobacters.

Bacteriophage therapy is one possible means by which
the colonization could be controlled, thus limiting the
entry of campylobacters into the human food chain (Carrillo
et al., 2011). Similarly, experiments suggest that treating
live birds with specific bacteriophages shortly prior to
slaughter may be an effective control measure (Havelaar
et al., 2007). There has been a renewed interest in the
use of bacteriophages as “therapeutic”’ agents; a prere-
quisite for their use in such therapies is a thorough
understanding of their genetic complement, genome
stability and their ecology to avoid the dissemination or
mobilisation of phage or bacterial virulence and toxin
genes (Timms et al., 2010).

Other method to reduce the Campylobacter load in
poultry is the use of bacteriocins from bacteria as a
therapeutic treatment for chickens colonized by
Campylobacter. Svetoch and Stern (2010) reviewed
bacteriocin  application to reduce the cecal
Campylobacter counts in broiler chickens of colonized
flocks. By feeding the animals therapeutic feed at the
appropriate moment in the cycle, levels and frequency of
colonization can be reduced, which may be effective in
lowering the human health risk imposed by
Campylobacter. Lin (2009) has reviewed anti-
Campylobacter bacteriocins for potential use in reducing
the numbers of Campylobacter (jejuni as well as coli) in
poultry. Stern et al. (2006) found that control chickens
(standard feed) were colonized in the caecum with 6.6-
8.3 logyy cfu/g of Campylobacter, while all treated
chickens (feed modified with purified bacteriocin)
contained undetectable numbers (< 2 logy, cfu/g).
Svetoch et al. (2008) administered bacteriocin to young
chicks. High levels of C. jejuni were found in the control
chicks (8.40 log,o cfu/g of caecal contents), while no
Campylobacter was detected in the treated group. Thus,
it seems that bacteriocins, administered just before
slaughter, can reduce Campylobacter colonization in the

chicken caecum to undetectable levels.

Supplementing bacteriocin in drinking water at 3.5-25
mg per bird for three days before slaughter was most
effective, resulting in a complete elimination of C. jejuni in
90% of the cases. The safety of these bacteriocins was
confirmed by conducting experiments on monkey and
human cell cultures as well as in treated mice and
chickens.

Orally given probiotic bacteria could prevent coloni-
sation of chicken with pathogenic Campylobacter
(Morishita et al., 1997). Chaveerach et al. (2004) found
that Lactobacillus (P93) strain isolated from conventional
chicken had potential inhibitory activities against all
tested Campylobacter. Probiotics can be incorporated in
the diet. This is based on feeding with viable micro-
organisms antagonistic toward pathogens via either
modifying environmental factors in the gut or producing
antimicrobial compounds (Morishita et al., 1997). Santini
et al. (2010) reported both marked in vitro and in vivo
activity for Bifidobacterium longum towards
Campylobacter. Recently, Wang et al. (2014) suggested
that Lactobacillus strains N8, N9, ZL4 and ZL5 could be
used as potential probiotics in food applications against
C. jejuni infection.

With the ban of dietary antimicrobial agents, the use of
probiotics, prebiotics and synbiotics has attracted a great
deal of attention in order to improve intestinal health and
control food-borne pathogens, which is an important
concern for the production of safe meat and meat
products. Combinations of prebiotics and probiotics are
known as synbiotics, and may have antimicrobial activity
(Klewicki and Klewicka, 2004). Fooks and Gibson (2002)
have yet recorded a C. jejuni inhibition in vitro, with a
population reduction below detectable level after 24 h
culture, with a Lactobacillus plantarum or Bifidobacterium
bifidum, when combined with oligofructose or an
oligosaccharide. Finally, addition of mannanoligo-
saccharide to the feed of naturally infected birds and
xylanase to the feed of artificially infected broilers, as
prebiotics, resulted both in a minor, although significant
decrease in cecal C. jejuni counts in these animals
(Baurhoo et al., 2009). The study of Baffoni et al. (2012)
highlighted the positive effect of the synbiotic approach
for C. jejuni reduction in broiler chickens, which is of
fundamental importance for the safety of poultry meat
consumers. The galactooligosaccharide was then
combined with a probiotic Bifidobacterium strain
(Bifidobacterium longum subsp. longum PCB133),
possessing antimicrobial activity against C. jejuni.

In chicken meat

Reducing human Campylobacter infection cases has
become a priority for the UE Governments. However, the
public's views on acceptability of interventions to reduce
Campylobacter in poultry production are poorly understood



in the UE and in other countries around the world.
Overall, findings indicate that increasing consumer
acceptability of the most effective interventions is likely to
be a difficult process (Macritchie et al., 2014).

Nonthermal methods

In recent years, there has been increased research
interest in the use of nonthermal alternative methods for
microbial inactivation, such as, high hydrostatic pressure
or pulsed electric fields. The attraction of these techno-
logies lies in the production of microbiologically safe
foods with minimal changes in their sensory and nutri-
tional attributes. Sagarzazu et al. (2010) showed that
incu-bation of heat-treated cells in the presence of
sodium pyruvate highly improved the survival ability of C.
jejuni; on the contrary, it did not enhance survival ability
of this microorganism after exposure to pulsed electric
fields treatments.

Irradiation

Haughton et al. (2012) found that exposure of skinless
chicken fillet to near ultraviolet/visible light (NUV-vis light:
395+5 nm) for 1 or 5 min at 3 cm distance reduced C.
jejuni by 2.21 and 2.62 log, cfu/g, respectively. Chun et
al. (2010) investigated the applicability of UV-C irradiation
(wavelengths of 220-300 nm) on the inactivation of C.
jejuni in ready-to-eat meat and poultry meat respectively,
the results have clearly indicated that UV-C irradiation
effectively decreased C. jejuni inoculated on meat during
storage. Irradiation of food materials, using electron
beams (from electron accelerators) or high—energy elec-
tromagnetic radiation (gamma-rays from *°Co or X-rays),
is permitted in some European countries and will kill
campylobacters and other infectious bacteria (Sparks,
2009). The application of irradiation in poultry at doses of
1-10 kGy eliminates pathogenic bacteria (Lacroix and
Ouattara, 2000). Raut et al. (2012) found that radiation
treatment with a dose of 1 kGy could achieve complete
elimination of 10° cfu of Campylobacter/g in poultry meat
samples. However, irradiation might have some effects
on organoleptic quality of meat products. The threshold
dose above which off-flavors are detected in irradiated
meats was reported to be 2.5 kGy for poultry (Hanis et
al., 1989). Natural antioxidants from spices could be
employed to stabilize fats and control oxidative
deterioration of foods during irradiation. The effect of the
combination of irradiation and marinating with rosemary
and thyme extract on the sensitivity of pathogen and
organoleptic characteristics of poultry has also been
investigated. A dose of 2-3 kGy would be sufficient to
decontaminate meat from campylobacters (Ingram and
Farkas, 1977; Monk et al., 1995). However, application of
this technology has been very limited. A disadvantage in
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the European Union is that at present use of gamma-
irradiation for meat is strongly discouraged. Its limited use
appears to be due to distrust by the public of any process
which depends on the nuclear industry as well as lack of
knowledge by the public in general concerning food
borne infections and the effectiveness of irradiation. A
preferred option might be to use electron accelerators
which require no isotope. These are used, particularly in
UE, to decontaminate raw chicken portions (Carry et al.,
1995). Kampelmacher (1984) showed that a dose as low
as 1 kGy was effective in reducing C. jejuni by more than
4 log-cycles with this dose. The directive 1999/3/EC
contains a list of foodstuffs authorized for irradiation
treatment and the doses allowed. So far, only dried
aromatic herbs, spices and vegetable seasonings are
included in the list. However, irradiation of other
foodstuffs including poultry is temporarily permitted in
some Member States. In the United States, FDA and
USDA have approved irradiation of poultry meat at a
maximum dose of 3 kGy to control foodborne pathogens
such as Campylobacter (Keener et al., 2004).

Essential oils

Increased consumer demand for all natural food products
has put pressure on industry and regulatory agencies to
closely examine the potential for use of natural
antimicrobials that prevent or control the growth of food-
borne pathogens and spoilage microorganisms. Although
many studies have indicated that EOs has the potential to
be used as a natural antimicrobial preservative in meats
(Djenane et al.,, 2011a, b; 2012a, b), the success in
simple agar diffusion systems has not been seen in foods
because the antimicrobial activity of EO is reduced in the
presence of fat and protein (Burt, 2004). It is generally
supposed that the high levels of fat and/or protein in
foodstuffs protect the bacteria from the action of the EO
in some ways (Tassou et al., 1995). In one of such study,
an increase in concentration of 10-fold when used in pork
sausages, 50- fold when used in soup and 25 to 100-fold
when used in soft cheese, 2-fold when used in minced
beef and chicken was required to produce a similar effect
to that reported in vitro (Djenane et al., 2011a, 2012b;
Tassou and Nychas, 1996). Also, the oils may have been
less effective on the chicken skin because of the rough
surface of the skin, which allowed for greater adhesion by
the bacteria (Fisher and Phillips, 2006). EOs, as
antimicrobial agents, present two main characteristics:
the first is their natural origin which means more safety
for consumers and the second is that they are considered
to be low risk for resistance development by pathogenic
microorganisms. Kurekci et al. (2013) found that EOs and
related terpenoid compounds can have strong anti-
Campylobacter activity without adversely affecting the
fermentation potential of the chicken-caeca microbiota.
EOs and their active compounds may have the potential
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Table 6. Effect of different phenolic compounds present in wine on
the viability of C. jejuni using concentration of 1000 mg/L for n = 4
(+ indicates a significant difference with respect to control) (Gafian
et al., 2009).

Phenolic compound Concentration (mg/L) = 1000

Caffeic acid +
Catechin -
Cumaric acid
Epicatechin

Ferulic acid

Gallic acid

Methyl gallate
p-Hydroxybenzoic acid
Quercetin -
Synaptic acid
Tryptophol
Vanillic acid

+ 4+ + + + +

+ + +

to control C. jejuni colonisation and abundance in poultry.

In vitro studies have demonstrated the efficacy of
different natural substances such as the EOs of cedar
wood, jasmine, marigold, ginger, patchouli, carrot seeds,
celery, spikenard (Friedman et al., 2002) and orange
(Nannapaneni et al., 2009) as antimicrobial compounds
with activity against some strains of C. jejuni. However,
they have not yet been demonstrated to effectively
control this pathogen in chickens. Coriander EO was
tested in vitro for antimicrobial activities against C. jejuni
using disk diffusion and minimal inhibitory concentration
determination assays, it has been noted that coriander oil
exhibited the strongest antimicrobial activity against
tested C. jejuni. In evaluating the antimicrobial potency of
coriander oil against C. jejuni on chicken meat, it was
found that the oil at concentration of 0.5% v/w killed all
the bacteria on the meat, while 0.1 and 0.25% v/w oils
reduced the bacterial cell loads on the meat from 5 to 3
and 1 log cfu/mL, respectively (Rattanachaikunsopon and
Phumkhachorn, 2010).

Antimicrobial activities of the EOs of various herbs
were investigated by Abdollah et al. (2010) against C.
jejuni and Campylobacter coli isolated from chicken meat.
The results indicated that the EO of these plants
displayed remarkable activity against C. jejuni and C. coli
and, therefore, they could be used as natural anti-
Campylobacter additives in meat. Several recent studies
described in detail the antimicrobial properties of some
EOs against C. jejuni, which may be envisaged as natural
alternatives to chemical-based antibacterial for food
safety and preservation (Bakkali et al., 2008; Solomakos
et al., 2008; Djenane et al., 2011a, 2012a). Despite the
potential of many common plants and EOs s
considerable, knowledge of this area and studies on their
biological activities remain scarce. Most of the data
published on the antimicrobial properties of plant EOs are

fragmented and employ only basic screening techniques.
Moreover, most studies on the antimicrobial action of
plant extracts have been conducted in vitro, so that little
information exists regarding the antimicrobial activity of
EOs in food systems. By using disc diffusion assay,
Wannissorn et al. (2005) and Djenane et al. (2012b)
evaluated the antimicrobial activity of various EO
samples extracted from various plants against C. jejuni.
Tested EOs showed promising antibacterial activity
against target bacteria. Djenane et al. (2012b) support
the possible use of Inula graveolens, Laurus nobilis,
Pistacia lentiscus and Satureja montana EOs, particularly
that from I. graveolens, for the preservation of chicken
meat. By using the described method, chicken meat can
be stored in a modified atmosphere assuring a low risk
associated with Campylobacter, at the same time that
lipid oxidation is inhibited, giving rise to a higher sensory
quality. The ability of I. graveolens to inhibit C. jejuni,
which are Gram-negative bacteria, makes it more
interesting for use to prevent food-related illness caused
by other Gram-negative bacteria. Aslim and Yucel (2008)
found that the EO obtained from Origanum minutiflorum
showed strong antimicrobial activity against all the tested
ciprofloxacin-resistant Campylobacter spp. It also
suggests that the EO of O. minutiflorum may be used as
a natural preservative in food against food-borne disease,
such as Campylobacteriosis. Many studies have
demonstrated that higher concentrations of EOs are
required in food systems than in vitro investigations
(Djenane et al., 2011a, 2012b). The use of EO vapours
may be a potential way of combating the organoleptic
effect brought about by direct contact between the food
and EO. However, longer exposure to the vapour is
required to produce a similar inhibitory effect (18 h as
against 60 s) which has cost implications for the food
industry (Fisher and Phillips, 2006).

Grape seed extract and wine

Silvan et al. (2013) investigated the effects of grape seed
extract on the inactivation of C. jejuni, the results have
clearly indicated that the antibacterial activity against C.
jejuni of the collected fractions showed that phenolic
acids, catechins and proanthocyanidins were mainly
responsible for the behaviour observed. Isohanni et al.
(2010) suggested that wines could be used as
antimicrobial ingredients together with the addition of
further antimicrobial agents in meat marinades to reduce
the numbers of Campylobacter in naturally contaminated
poultry products, thus lowering the risk of Campylobacter
cross-contamination and transmission through food.
According to Gafian et al. (2009), wine constitutes an
adverse environment for the survival of C. jejuni (Table
6). Furthermore, it would be interesting to study the
possible use of phenolic compounds in wine as an
alternative to the use of antimicrobial growth promoters
against these bacteria in broilers.



Active packaging

Interest in the use of active packaging systems for meat
and meat products has increased in recent years (Kerry
et al., 2006). Changes in consumer preferences have led
to innovations and developments in new packaging
technologies. Active packaging is useful for extending the
shelf life of fresh, cooked and other meat products.
Forms of active packaging relevant to muscle foods
include oxygen scavengers, carbon dioxide scavengers
and emitters, drip absorbent sheets, antioxidant and
antimicrobial packaging (Camo et al., 2011). Sanchez-
Gonzalez et al. (2011) found that antimicrobial films were
prepared by incorporating different concentrations of
various EOs, into chitosan and hydroxypropylmethyl-
cellulose films. Their antibacterial effectiveness against
pathogens bacteria was studied at 10°C during a storage
period of 12 days. Hydroxypropylmethylcellulose-EO and
chitosan-EO composite films presented a significant
antimicrobial activity against the pathogens considered.

Combined methods

Study of Smigic et al. (2010) highlighted the importance
of combining decontamination technologies with
subsequent storage under O,-rich atmosphere, at low pH
and low temperature to the control survival and growth of
C. jejuni. The combination of heat and acid pH was one
of the first combined processes used by the food
industry, with the objective of reducing the intensity of
heat treatments. This practice has the advantage of
decreasing heat resistance of C. jejuni, but also of
preventing the growth of survivors (Palop et al., 1999).
Galvez et al. (2010) found that application of natural
antimicrobial substances (such as bacteriocins)
combined with novel technologies provides new
opportunities for the control of pathogenic bacteria,
improving food safety and quality. Bacteriocin-activated
films and/or in combination with food processing
technologies (high-hydrostatic pressure, high-pressure
homogenization, in-package  pasteurization, food
irradiation, pulsed electric fields, or pulsed light) may
increase microbial inactivation and avoid food cross-
contamination. Piskernik et al. (2011) found the
synergistic effect of freezing and rosemary extract
antimicrobial activity. The combination of pre-freezing
and plant extract treatment reduced the C. jejuni cell
number by more than 2.0 log reduction.

CONCLUSION

Campylobacteriosis is considered the most frequent
zoonosis, and the handling and/or consumption of chicken
meat is considered the main source for human infection.
The reduction of the rates of infection in chickens should
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make an effective contribution to substantially controlling
the illness in humans. However, the increase of the general
concern about the spreading of antibiotic resistance in
humans has determined the elimination of antibiotics as
growth promoters in livestock. At this point, it is essential
to search for new, natural and sustainable strategies to
reduce the incidence of this bacterium in poultry meat.
Since chicken intestines, and also the intestines of other
animals, are the only sites where Campylobacter proli-
ferates in the food chain, it is essential to control the
pathogen at these locations. The solution to the problem
of Campylobacter-contaminated chicken by developing
strategies must be economically viable, sustainable and
legal, as well as acceptable to the consumer.
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Rhizobia are bacteria which fix atmospheric nitrogen in association within the root or the stem nodules
of legume plants and transform atmospheric nitrogen to ammonia. Biological nitrogen fixation is an
important process for sustainable land management, because nitrogen is the principal crop production’s
limiting factor. However, several environmental conditions such as salinity, temperature, acidity/alkalinity,
drought, heavy metals, etc., are critical factors which can have detrimental effects on the steps involved
in Rhizobium-legume symbiosis as infection process, nodule’s development and function, resulting in
low nitrogen fixation and crop yield. The presence of Rhizobium- legume symbioses able to fix
appreciable N, amounts under unfavorable conditions is very interesting, because these symbioses
represent the best source of nitrogen especially in arid and semi-arid regions, where they contribute to
land stabilization and fertilization. Hence, the better understanding of rhizobial physiological responses
to different intrinsic and extrinsic stresses factors is very important to improve crop production by

harnessing biological nitrogen fixation process.

Key words: Rhizobium, legume, symbiosis, environmental stress, heavy metals, soil fertility.

INTRODUCTION

Nitrogen is a major limiting factor in agricultural production
even if it represents almost 80% of the atmosphere (Abd-
Alla et al., 2014). This paradox is due to the high stability
of the nitrogen molecule (N,) and to the fact that only
some prokaryotic organisms are able to reduce it in an
available form.

The biological nitrogen fixation (BNF) is a natural
phenomenon consisting on the conversion of atmospheric

nitrogen into ammonia by the nitrogenase enzyme complex.
This biological reduction of N, to NH3 is a highly ender-
gonic process with a minimum energy requirement of
Ca.960 KJ mol™ N-fixed (Sprent and Raven, 1985). Nitro-
genase function requires ATP and electrons, supplied
respectively by respiration and electron carriers, usually
ferrodoxin. Nitrogenase catalyzes the reduction of several
substrates, including H', N, and C,H,. The principal
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reaction for dinitrogen reaction is as follows:

N,+ 16 MgATP +8e +8H" ——»

+ 16 MgADP + 16 Pi

2 NH3 + H;

The energy requirements in this symbiosis are provided
to bacteria by carbonaceous substances resulting from
plant photosynthesis. Rhizobium can infect some root
cortex cells of leguminous plants and initiate the forma-
tion of a new plant organ, the root nodule. These bacteria
proliferate within root nodule cells then differentiate into a
nitrogen fixing form called a bacteroid, which can fix the
atmospheric nitrogen (Chanway et al., 2014).

The Rhizobium-legume symbiosis presents many advan-
tages for both host plant and rhizobial bacteria by stimu-
lating plant growth in nitrogen-deficient soils, offering the
major success factor of the legume’s family as compared
to other plants and offering an adequate bacterial micro-
habitat necessary for nitrogen fixation (Noel, 2009).

Furthermore, this symbiosis is the result of a balance
between environmental factors affecting both plant and
bacteria. So the success of the legumes infection and
nodulation depends on environment factors and Rhizobium
survival. Environmental stress impose a major threat to
both symbiotic nitrogen fixation and agriculture which can
be limited by soil and climatic factors such as salinity,
drought and temperature. For this reason, the Rhizobium’s
tolerance to different environmental stresses is a desired
property for use in nitrogen-depleted soils.

This review is focused on the study of the physiological
responses to different stresses factors that can affect the
rhizobial survival and the symbiotic nitrogen fixation in a
perspective to understand the limiting factors of this
symbiotic association and to better harness this biological
process.

STRESS FACTORS AFFECTING SYMBIOSIS AND
NITROGEN FIXATION

Various factors such as the soil physico-chemical com-
position can interfere with the infection process and
nodulation, or can influence the activity of nitrogen-
fixation during the symbiosis (Kinkema et al., 2006).

Salt and osmotic stress

Salinity is one of the major factors threatening agriculture
in arid and semi-arid areas. Nearly 40% of the world’s
land surface can be categorized as having a potential
salinity problem (Zahran, 2001; Niste et al., 2013). The
main cause of salinity is the nutrient imbalance in the sail,
which is considered as a constraint influencing the N,
fixing symbiosis and the survival of both partners
(Mohammadi et al., 2012; Niste et al., 2013). Salinity is

concentration of dissolved mineral salts comprising
cations and anions present in the soil (soil solution) and
in water. The principal cations in solution consist of Na',
ca*, Mg®* and K* and the major anions are CI', SO,?,
HCOj3, CO3* and NOy’ (Aggarwal et al., 2012).

The response to saline stress varies among free rhizobia
for which the growth is inhibited at 100 mM NacCl, and
symbiotic rhizobia, such as Sinorhizobium meliloti found
to be tolerant to NaCl concentrations ranging from 300 to
700 mM (Zahran, 2001). Some rhizobia isolated from
Acacia trees seem to be highly salt tolerant and can grow
at a concentration of 500-850 mM NaCl (Zahran, 2001).

Rhizobial strains differ in their ability to tolerate osmotic
stress and can use different adaptation mechanisms such
as intracellular accumulation of low-molecular-weight
organic solutes (Zahran, 1999) including amino acids
such as glutamate, N- acetylglutaminyl - glutamine, sugar
and polyamines or the accumulation of ions such as K.
Rhizobia subject to salt stress may undergo morpholo-
gical alterations, leading to changes in cell morphology
and size or modifications in the pattern of extracellular
polysaccharides and lipopolysaccharides (Ventorino et
al., 2012). These compounds may have an impact on
symbiosis because of their implication in the initial steps
of the symbiotic interactions. Moreover, some authors
have reported that tolerance to salinity may be due to a
plasmid-mediated resistance since salt resistance can be
rapidly transferred from tolerant to sensitive bacteria, thus
extra chromosomal genes can contribute to survival in
saline soil (Pereira et al., 2008). Changes in the gene
expression appear also to be among the rhizobial
adaptation mechanisms to tolerate hyperosmotic stress
(Lapez-Go'mez et al., 2013).

Temperature stress

High soil temperature is one of critical factors which can
prevent the development of a nitrogen-fixing association
between the two symbiotic partners especially in arid and
semi-arid regions. The survival of rhizobia in soil is more
affected by high temperatures than by low temperatures
because it can be deleterious (Niste et al., 2013). In arid
regions, high soil temperature affect lives of both free and
symbiotic rhizobia (Zahran, 1999). Most rhizobia have an
optimum growth temperature at 28-31°C and many of
them are unable to grow at 38°C (Graham, 1992). However,
some rhizobial strains isolated from Acacia have the
ability to grow at high temperatures which can reach
44°C (Zahran et al., 1994). Temperature can influence
not only the survival of free rhizobia, but also the exchange
of molecular signals between the symbiotic partners
(Sadowsky, 2005). High temperature can induce an
inhibiting effect on bacterial adherence to root hairs, on
bacteroid differentiation, on nodule structure and on
legume root nodule’s functioning (Zahran, 1999; Alexandre



and Oliveira, 2013). Sudden temperature changes induce
synthesis of heat shock proteins (HSP) which can play a
protective role and contribute to heat tolerance with no
alteration of the internal cell temperature (Yura et al.,
2000). Most bacteria have only a small number of HSP
but rhizobia seem to present an exception (Alexandre
and Oliveira, 2013). The HSP include some proteins such
as IbpA and IbpB that show similarity to Esherichia coli
and other proteins more different in sequence and
phylogenetic origin (Alexandre and Oliveira, 2013).

The molecular bases of temperature stress tolerance in
rhizobia were studied by comparing the expression of
chaperone genes dnakKJ and groESL in thermotolerant
and thermosensitive isolates. These chaperones are
characterized by their role as folding modulators, in
sequestering and stabilizing a wide range of polypeptides
presented in wrong conformational structure (Alexandre
and Oliveira, 2013). Nandal et al. (2005) reported that
mutants tolerant to high temperature, obtained from a
thermosensitive Rhizobium sp. strain, exhibited a different
protein profile from the wild-type at high temperature and
showed overexpressed proteins as well as new proteins.
This protein overproduction was confirmed by other
studies in mutant strains as DnaK (Alexandre and Oliveira,
2013; Abd-Alla et al., 2014), in chickpea rhizobia as
GroEL (Rodrigues et al., 2006) and also in Mesorhizobium
strains (Laranjo and Oliveira, 2011). Bradyrhizobium
japonicum shows a total of five groESL operons, which
only groESL,,s are heat inducible and are differently
regulated. The groESL, is o**-dependent and is highly
induced by heat shock. The sigma factor o* is involved
in the control of the heat shock response at the
transcriptional level in many bacteria. Unlike GroESL
system, DnaKJ system is far less studied but it was
characterized in B. japonicum and was proved to be
under the control of 6> factor (Alexandre and Oliveira,
2013).

The expression of groESL genes from psychrophilic
bacteria allowed the increase of E. coli’s tolerance to low
temperature and decreased the growth temperature’s
lower limit (Ferrer et al., 2003). Another study reported
that thermotolerance was improved by overexpression of
native groESL system in E. coli, and which may be caused
by the folding or refolding activity of the chaperone
proteins to misfolded cellular proteins under thermal
stress (Kim et al., 2009). The misfolding of intracellular
proteins is recognized as a key factor for microorganism’s
inactivation under thermal stress. The chaperone system
like GroEL-GroES has a major role in the defense
system; it not only directly interacts with a number of
intracellular proteins but also affects some transcriptional
networks under stress condition. In fact, this complex
forms an enclosed environment for the correct folding of
approximately 50% of intracellular proteins under condi-
tions of cellular stress (Kim et al., 2009).

At low temperatures, the cellular membrane rigidity
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presents a major problem for bacteria, in addition to a
decreased rate of enzymatic reactions and the instability
of single stranded DNA and RNA (Horn et al., 2007). Some
rhizobia strains isolated from wild relative chickpea (Cicer
anatolicum) collected at high altitude, have demonstrated
their ability to nodulate chickpea (Cicer arietinum) at low
temperatures (9-15°C) (Alexandre and Oliveira, 2013).

Bacterial cold shock response is an immediate and
transient response to the temperature downshift and is
followed by low temperature adaptation that allows
continued growth at low temperatures. Arctic strains of
rhizobia respond to cold shocks by synthesizing proteins
under their minimal growth temperatures at freezing
temperatures as low as -10°C (Cloutier et al., 1992).
Proteins induced after cold shocks are designated as
cold shock proteins (CSP). These low molecular mass
proteins, usually nucleic acid-binding, are well charac-
terized in E. coli but poorly studied in rhizobia. A homolog
to the E. coli CspA gene was detected in S. meliloti and
reported to be induced by temperature downshift;
moreover this CspA is known to interact with mRNA,
stabilizing the molecule in order to allow translation
(O’Connell and Thomashow, 2000).

pH Stress

Either alkaline or acidic agricultural soil has a great
influence on the survival or multiplication of rhizobia and
can affect both the symbiosis partners. Most leguminous
plants require a neutral or slightly acidic soil for growth,
especially when they depend on symbiotic N, fixation
(Zahran, 1999). The optimum pH for rhizobial growth is
considered to be between 6.0 and 7.0 (Hungria and
Vargas, 2000). In fact, at pH of 5.0-5.5, the nodulation in
Acacia trees was absent (Brockwell et al., 2005). The
rhizobial strains vary widely in their acidity tolerance.
Rhizobium tropici and Mesorhizobium loti are considered
as highly acid tolerant strains (Graham et al., 1994).
Some rhizobial strains can withstand and survive even in
a very low pH (about 3.5). Alkalinity is less harmful to the
survival of rhizobia. Jordan (1984) showed that the
majority of these bacteria can tolerate up to pH 9. The
same result was found among strains nodulating Acacia
(Zerhari et al., 2000) which showed remarkable and
sometimes quite extraordinary tolerance to alkaline
conditions (Brockwell et al., 2005). For example, rhizobial
strains isolated from A. farnesiana have shown an ability
to adapt and grow at pH 12.0 (Brockwell et al., 2005).
The physiological and biochemical mechanisms of
rhizobial adaptation to acidic conditions are various
(Graham et al., 1994). These mechanisms include among
others the exclusion and expulsion of protons H" (El-
Hilali, 2006), the increase of potassium and glutamate
contents in the cytoplasm of stressed cells (Aaron and
Graham, 1991), the change in the lipopolysaccharides
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Figure 1. Schematic representation of: (a) hydrated bacterial cell, (b) dehydrated cell exposed to stress damage
and (c) dehydrated cell upon rehydration with loss of membrane integrity (Casteriano, 2014).

composition (Vriezen et al., 2007), and the accumulation
of polyamines (Fujihara and Yoneyama, 1993). The
production of acid shock proteins (ASPs) is another
common response contributing to this stress tolerance by
conferring acid protection on the bacteria with no
alteration of the cellular pH (Foster, 1993). Furthermore,
several genes, such as actA, actP, exoR, IpiA, actR, actS
and phrR, were shown to be essential for rhizobial growth
at low pH (Abd-Alla et al., 2014).

However, the negative effect of the alkaline soil's
conditions is the unavailability of essential minerals for
both rhizobia and host plant such as iron and manganese
(Farissi et al., 2014). High pH can also influence the
growth of Rhizobium and its undergoing nodulation,
although some rhizobial species such as R. leguminosarum
bv. trifolii has been reported to colonize soil at a higher
rate and produce nodules at a higher frequency in
alkaline conditions (Zahran et al., 1999). Homospermidine,
a polyamine present at high concentrations in root nodule
bacteria, is also known to accumulate in B. japonicum in
alkaline conditions, although its function is unknown
(Fujihara and Yoneyama, 1993).

Drought stress

Drought stress can present a major agricultural problem
which occurs when the available soil water is reduced
and the atmospheric conditions induce continuous loss of
water by transpiration or high evaporation (Jaleel et al.,
2009). The cells under drought conditions are also
susceptible to chemical damage as a result of water
removal and exposure to the atmosphere (Figure 1).
During dehydration, the formation of certain molecules
particularly hydroxyl and peroxyl radicals can induce the

lipids peroxidation, proteins denaturation and nucleic acid
damage (Casteriano, 2014). Reducing sugars may
covalently react with the amino side chain of amino acid
residues via non-enzymatic browning or Maillard reaction,
causing protein damage (Casteriano, 2014).

Drought effects on rhizobial persistence and survival in
the soil, on root-hair colonization and on infection by
rhizobia can consequently limit the nodulation (Zahran,
1999; Mhadhbi et al., 2011). However, some rhizobial
species have shown an ability to tolerate and survive in
drought conditions at -3.5 MPa (Abolhasani et al., 2010).
The efficiency of these rhizospheric bacteria to persist in
severe water deficit conditions can be used to ameliorate
drought impact on plants and to help them to tolerate
stress by producing physical and chemical changes
(Yang et al., 2009). Many species of rhizobia can support
severe drought conditions by various adaptive strategies
including production of chaperones and sugars, synthesis
of stress enzyme 1-aminocyclopropane 1-carboxylic acid,
production of exopolysaccharides (Hussain et al., 2014),
production of low molecular weight organic compound
like trehalose, phosphate solubilization, improved nutrient
availability, production of siderophores and phytohormones
(Hussain et al.,, 2014). Under dryness conditions, the
aerobic bacteria have shown their ability to use nitrogen
oxides as terminal electron acceptors which can help
them to survive and grow during periods of anoxia. This
may present a great advantage for the survival of rhizobia
in soil (Abd-Alla et al., 2014).

Soil fertility

Saoil fertility can also affect the biological nitrogen fixation
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in Rhizobium-legume symbiosis. In fact, an excess of
nitrates may cause an inhibitory action on nodulation and
N, fixation activity (Lucinski et al., 2002). The process of
this inhibition is not fully understood, although several
hypotheses have been proposed (Lucinski et al., 2002).
Some studies have concluded that legume plantation in
soils containing a significant quantity of nitrates can have
negative effect on the symbiosis induced by rhizobia
(Lucifiski et al., 2002) and can inhibit nodulation and
nitrogen fixation of acacias (Brockwell et al., 2005). The
plant-available N in soil reduced the inoculation response
for A. auriculiformis, A. mangium and A. mearnsii in pot
experiments (Turk et al., 1993). It has been showed in
previous studies that the presence of NOj; ions reacts
negatively on root infection (Wahab et al., 1996), nodule
development and nitrogenase activity in legume plants
because of the accumulation of nitrite (Lucifiski et al.,
2002). In the same context, it was demonstrated that the
addition of NO3™ (5-16 mM) to the alfalfa seedlings growth
medium reduced significantly the number of rhizobial

cells adhering to the alfalfa seedling roots (Zahran et al.,
1999). It is also known that the free oxygen concentration
inside the nodules is among the major factors that can
induce changes in the nitrogenase activity. Oxygen
availability in the infected zone nodule is limited, among
others, by the gas diffusion resistance in nodule cortex.
The presence of nitrate can directly or indirectly influence
the effectiveness of resistance to gas diffusion which
adversely affects the nodulation and the nitrogen fixation
(Lucifiski et al., 2002). In the presence of nitrate, both the
energy cost of the nitrogen fixation process and the gas
diffusion resistance increases, whilst the efficiency of the
bacteroid respiration decreases (Figure 2).

Several species of rhizobia can resist to the presence
of nitrates during infection and nodulation to a certain
degree by induction of hydrogenase expression. This
membrane enzyme is characteristic of some diazotrophs
and can help some strains to be more tolerant to nitrates
(Serrano and Chamber, 1990). Moreover, it was found
thathydrogenase contributes to the formation of H" gradient
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across bacteroid membrane that enables ATP synthesis
(Lucifiski et al., 2002).

Heavy metals

Heavy metals are known as the most important inorganic
pollutants which persist in the soil over long periods and
have ecotoxicological effects on plants and soil micro-
organisms. Some metals such as Zn, Cu, Ni and Cr are
essential for growth of both rhizobia and their host plants,
whereas others such as Cd, Hg and Pb seems to be not
beneficial and could be toxic even at relatively low
concentrations (Gadd, 1992). When exposed to moderate
heavy metal concentrations, soil microorganisms were
found to be very sensitive (Giller et al., 1998). Rhizobial
response to different types of heavy metals depends on
the applied concentrations (El-Hilali, 2006). Hence,
cadmium even at considerably low concentration was
found toxic for the microsymbiont, inhibited the nitro-
genase activity and adversely affected the metabolic
activities such as legume’s photosynthesis (Ahmad et al.,
2012). In contrast, nickel can induce a significant
increase in the activity of hydrogenase in bacteroids (El-
Hilali, 2006).

Microorganisms have developed resistance mechanisms
to support high heavy metals concentrations while

ensuring the maintenance of the biological role of
essential ions (Figure 3). Rhizobium is able to produce
huge amounts of extracellular polysaccharide and
lipopolysaccharide which sequester most of the
extracellular metal and play a role as first-defense barrier
against heavy metal stress. However, they were not
sufficient to support the highest levels of stress imposed
(Mandal and Bhattacharyya, 2012). One of the most
common resistance mechanisms is the extrusion of
heavy metals from bacterial cell, avoiding accumulation
to levels that possibly inhibit growth, or cause cell death
(Pajuelo et al., 2011). This mechanism can be comple-
mentary to other resistance mechanisms (such as efflux
mechanisms) avoiding reentry of expulsed metal, especially
in extreme situations. Some of the efflux resistance systems
are ATPases and chemiosmotic ion/proton exchangers
(Silver and Phung, 2005). In addition, accumulation and
complexation of the metal ions inside the cell, biotrans-
formation of toxic metal to less toxic forms, methylation,
precipitation and chelation with S-rich ligands like
metallotioneins, glutathione, etc. are other metal detoxi-
fication mechanisms used by microorganisms (Gusméo
et al., 2006). Gram negative bacteria can also synthesize
proteins that adhere to the metal and store it in the
periplasm in order to keep metals out of the cytoplasm
and plasma membrane where the important reactions
take place (Pajuelo et al., 2011).



Table 1. Principal mechanisms adopted by rhizobium to tolerate stress factors.
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Stress factors Mechanisms

References

- Intracellular accumulation of organic solutes
- Cell morphology and size changes

Salinit
inity - LPS and EPS structure changes
- Plasmid-mediated resistance
- Gene expression changes
- Synthesis of Heat shock proteins (HSP
Temperature y P ( )

- Synthesis of cold shock proteins (CSP)

- Exclusion and expulsion of protons H*

- Increase of potassium and glutamate level in the cytoplasm of
stressed cells

pH - LPS structure changes
- Accumulation of polyamines

- Production of acid shock proteins (ASP)

- Production of chaperones, sugars, EPS and synthesis of stress
enzyme

- Production of trehalose, siderophores and phytohormones

Drought

- Phosphate solubilization

- Utilization of nitrogen oxides as terminal electron acceptors
Nitrate - Induction of hydrogenase expression

- Production of LPS and EPS

- Extrusion of heavy metals from bacterial cell
- Efflux mechanisms

- Accumulation of the metal ions inside the cell
- Bioreduction of the metals toxicity

- Methylation, precipitation and chelation

- Synthesis of adhesion proteins

Heavy metals

Zahran (1999)

Ventorino et al. (2012)
Ventorino et al. (2012)
Pereira et al. (2008)
Lapez-Go'mez et al. (2013)

Alexandre and Oliveira (2013), Abd-Alla et
al. (2014)

Cloutier et al.
Thomashow (2000)

(1992), O’Connell and

El-Hilali (2006)
Aron and Graham (1991)

Vriezen et al. (2007)
Fujihara and Yoneyama (1993)

Foster (1993)

Hussain et al., (2014)

Hussain et al. (2014)
Hussain et al. (2014)

Abd-Alla et al. (2014)
Serrano and Chamber (1990)

Mandal and Bhattacharyya (2012)
Pajuelo et al. (2011)

Silver and Phung (2005)

Gusmao et al. (2006)

Gusmao et al. (2006)

Gusmao et al. (2006)

Pajuelo et al. (2011)

These resistance mechanisms are not incompatible and
several of them can act simultaneously.

Hence, this review show clearly that even if
environmental conditions such as salinity, temperature,
acidity/alkalinity, drought, heavy metals, etc. are critical
factors affecting different symbiotic steps of the
Rhizobium-legume association, some microsymbionts
strains have developed several mechanisms to tolerate
these stress factors and overcome hard environment
conditions. Several adaptation mechanisms of rhizobia to
persist and to survive under stress conditions have been

previously proposed and discussed in other studies and
are summarized in Table 1.

CONCLUSION

The environmental conditions play an essential role in the
control of legume-Rhizobium interactions. They may
affect the growth, proliferation, symbiotic process and
nitrogen fixation by Rhizobium in association with
legumenous plants. In this literature review several
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symbiotic systems of rhizobia which are tolerant to
extreme conditions of salinity, alkalinity, acidity, drought,
metal toxicity, fertilizer, etc., were identified.

Under poor conditions, Rhizobium-legumes symbiosis
is very important because it may be the only way to fix
nitrogen; this is why the selection of symbiotic partners
tolerant to broad range of unfavorable environmental
conditions is essential for agricultural pastoral systems.

Rhizobium-legume response to different environmental
stress is complex phenomena that require the inter-
vention of many genetic and biochemical adaptation
mechanisms which should be included in future studies.
In fact, further knowledge on these mechanisms involved
by rhizobia to cope with adverse conditions will allow us
to better understand their physiology and to select
efficient isolates that can be used in inoculation projects
for promoting the plants growth or in engineering genetic.
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