| 8
Journal of Microbiology and
Antimicrobials




ABOUT JMA

The Journal of Microbiology and Antimicrobials (JMA) (ISSN 2141-2308) is published monthly (one volume per year)
by Academic Journals.

Journal of Microbiology and Antimicrobials (JMA), is an open access journal that provides rapid publication
(monthly) of articles in all areas of the subject such as Disorders of the immune system, vaccines and

antimicrobial drugs, Microbial Metabolism, Protozoology etc.

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 published in JMA are peer-reviewed.

Contact Us

Editorial Office: jma@academicjournals.org

Help Desk: helpdesk@academicjournals.org

Website: http://academicjournals.org/JMA

Submit manuscript online http://ms.academicjournals.me/



mailto:jma@academicjournals.org
mailto:helpdesk@academicjournals.org
http://academicjournals.org/JMA
http://ms.academicjournals.me/

Editors

Ass. Prof. Aamer lkram
Department of Microbiology,
Armed Forces Institute of Pathology,
Pakistan

Prof. Wang Jianhua

Gene Engineering Lab

Feed Research Institute,

Chinese Academy of Agricultural Sciences
China

Dr. Mohd. Shahid

Antimicrobial Agents & Drug Section
Department of Medical Microbiology
Jawaharlal Nehru Medical College & Hospital
Aligarh Muslim University

India

Dr. Anil Vyas

Microbial Biotechnology & Biofertilizer Lab.
Department of Botany

J.N.V.University

India

Dr. (Mrs.) Amita Jain

Dept. of Microbiology

King George Medical University,
India

Dr. Eduardo Mere

Department of Biochemistry
University Fedral of Rio de Janerio,
Brazil

Dr. Shwikar Mahmoud Abdel Salam
Department of microbiology

Faculty of Medicine
Alexandria University
Egypt.

Dr. Gideon Mutie Kikuvi

Institute of Tropical Medicine and Infectious Diseases
Jomo Kentatta University of Agriculture and Technology
Kenya.




Editorial Board Members

Dr. Manal El Said El Sayed
Bilharz Research Institute (TBRI)
Ministry of Scientific Research
Egypt.

Dr. Amber Farooqui

Sardinian Research and Development (SARD)
Porto Conte Research Institute

Alghero,

Italy.

Dr. Chang-Gu Hyun

Laboratory of Bioresources

Jeju Biodiversity Research Institute (JBRI)

Jeju Hi-Tech Industry Development Institute (HiDI)
Korea.

Dr. Vasant P. Baradkar
Department of Microbiology
Government Medical College
Aurangabad,

India.

Prof. Omar Abd El-Fattah Mohamed Fathalla
Medicinal Chemistry Department

National Research Centre

Dokki,

Egypt.

Dr. Amber Farooqui

Dept. di Scienze Biomediche
Universita di Sassari

Italy.

Dr. Kosta V. Kostov

Military Medical Academy
Department of Pulmonology
Bulgaria.

Dr. Antonio Rivera

Benemérita Universidad Autonoma de Puebla
Puebla,

Mexico.

Dr. Mohammad Rahbar
Department of Microbiology

Iranian Reference Health Laboratory
Iran.

Dr. Abd El-Latif Hesham
Genetics Department
Faculty of Agriculture
Assiut University

Egypt.

Dr. Samuel Sunday Taiwo

Department of Medical Microbiology and Parasitology

College of Health Sciences
Nigeria.

Dr. Anil Vyas
J.N.V. University
Jodhpur

India.

Dr. Najla Dar-Odeh
University of Jordan
Jordan.

Prof. Asiye Meric

Anadolu University

Faculty of Pharmacy

Department of Pharmacy and Chemistry
Turkey.

Prof. Salah M. Azwai
AlFateh University
Libya.

Prof. Abdel Salam Ahmed
Department of Microbiology
Faculty of Medicine
Alexandria University

Egypt.

Dr. Kuldeep Kumar Shivalya

Indian Veterinary Research Institute
Izatnagar,

India.

Prof. Viroj Wiwanitkit
Hainan Medical University
China.

Dr. Hafizah Chenia

School of Biochemistry
University of KwaZulu-Natal
Durban,

South Africa.

Dr. Gholamreza Salehi Jouzani

Microbial Biotechnology and Biosafety Department
Agricultural Biotechnology Research Institute of Iran
(ABRII)

Iran.

Dr. Wilson Parawira

Institute of Food, Nutrition and Family Sciences
University of Zimbabwe

Zimbabwe.

Dr. Subhash C. Mandal

Division of Pharmacognosy

Department of Pharmaceutical Technology
Jadavpur University

India.




Dr. Adesemoye A. O.

Department of Plant Pathology
Centre for Integrated Plant Systems
Michigan State University

USA.

Dr. Giselli Fernandes Asensi
Universidade Federal do Rio de Janeiro
Brazil.

Dr. Babu Joseph

Acharya''s Bangalore School
India.

Dr. Aamer Ali Shah

Faculty of Biological Sciences
Quaid-i-Azam University
Islamabad,

Pakistan.

Dr. Tadele Tolosa

Jimma University

College of Agriculture and Veterinary Medicine
Ethiopia.

Dr. Urveshkumar D. Patel

Department of Pharmacology and Toxicology
Veterinary College

Anand Agricultural University

India.

Dr. Saeed Zaker Bostanabad
Islamic Azad University
Iran.

Dr. Rakesh Kumar Singh
Florida State University
College of Medicine
USA.

Assoc. Prof. Vintila luliana
Dunarea de Jos University
Romania.

Dr. Saganuwan Alhaji Saganuwan

University of Agriculture Makurdi

Dept. of Physiology, Pharmacology and Biochemistry
Makurdi,

Nigeria.

Dr. Eskild Petersen

Dept. of Infectious Diseases
Aarhus University Hospital
Norrebrogade,

Denmark.

Dr. Elpis Giantsou
Cambridge University Hospitals
UK.

Ass Prof. Emana Getu Degaga
Addis Ababa University
Ethiopia.

Dr. Subramanian Kaviarasan
Dept of Molecular Medicine
University Malaya

Kuala Lumpur,

Malaysia.

Ass Prof. Nongyao Kasatpibal
Faculty of Nursing,

Chiang Mai University
Thailand.

Dr. Praveen Rishi
Panjab University
India.

Prof. Zeinab Nabil Ahmed Said
Microbiology & Immunology Department
Faculty of Medicine

Al-Azhar University

Egypt.

Ass. Prof. Abdulaziz Zorgani
Medical School

Edinburgh University
Edinburgh,

UK.

Dr. Adenike Adedayo Ogunshe
University of Ibadan
Nigeria.

Prof. Itzhak Brook

Department of Pediatrics and Medicine
Georgetown University

Washington, DC

USA.

Dr. Eduardo Mere Del Aguila
Universidade Federal do Rio de Janeiro
Rio de Janeiro

Brazil.

Dr. Md. Shah Alam Sarker

School Agric and Rural Development
Bangladesh Open University
Bangladesh.

Dr. Ramnik Singh

Khalsa College of Pharmacy
Amritsar,

India.

Prof. Amita Jain

Chhatrapati Shahuji Maharaj (CSM) Medical University
Lucknow,

India.




Prof. Yulong Yin

Institute of Subtropical Agriculture
The Chinese Academy of Science
China.

Prof. Mohan Karuppayil

School of Life Sciences

Swami Ramanand Teerth Marathwada (SRTM) University
Maharashtra,

India.

Dr. Sunil Gupta
National Centre for Disease Control
India.

Dr. Elpis Giantsou
Cambridge University Hospitals
England.

Dr. Mustafa Gul

Kahramanmaras Sutcuimam University

Faculty of Medicine

Department of Microbiology and Clinical Microbiology
Turkey.

Dr. Nese Karaaslan Biyikli
Anadolu Medical Center
Turkey.

Dr. Zafar Igbal

Dept Plant Pathology

University College of Agriculture
Andrds Fodor

Pakistan.

Ass Prof. Habil Andras Fodor
Department of Plant Protection
Georgikon Faculty

Pannonia University

Hungary.

Dr. Neelam Mewari
Department of Botany
University of Rajasthan
Rajasthan,

India.

Dr. Elpis Giantsou
Cambridge University Hospitals
UK.

Dr. Sanjib Bhattacharya
Bengal School of Technology
India.

Dr. Habibur Rahman
PSG Colege of Pharmacy
India.

Md. Elisa Bassi

Department of Dermatology
Delmati Hospital

Italy.

lheanyi Omezuruike Okonko
University of Ibadan
Nigeria.

Ass. Prof. Weihua Chu

Dept. of Microbiology

School of Life Science & Technology
China Pharmaceutical University
China.

Dr. Mat Yamage
World Organization for Animal Health (OIE)
Japan.

Dr. Ali Abbas Qazilbash
United Nations Industrial Development Organization
Pakistan.

Dr. Kulachart Jangpatarapongsa
Department of Clinical Microbiology
Mahidol University

Thailand.

Dr. Nasrin Ghasemi

Research and Clinical Centre for Infertility

Yazd Shahid Sadoughi University of Medical Sciences
Yazd,

Iran.

Dr. Johnson Afonne
Department of Pharmacology
College of Health Sciences
Nnamdi Azikiwe University
Nigeria.

Dr. Branka Vasiljevic
Institute of Molecular Genetics and Genetic Engineering
Serbia.

Dr. Mehmet Ulug

BSK Anadolu Hospital

Infectious Diseases and Clinic Microbiology
Turkey.

Dr Omiir Baysal

Turkish Ministry of Agriculture and Rural Affairs
West Meditereanean Agricultural Research Institute
(BATEM)

Plant Pathology and Molecular Biology Departments
Antalya,

Turkey.

Dr. Pooja Jain

University of California
Department of Pathology
Medical Sciences

Irvine, CA

USA.

Dr. Chellaiah Edward Raja
Cancer Biology Unit

School of Biological Sciences
M.K. University

India.




Prof. Zeinab Nabil Ahmed Said
Faculty of Medicine (for girls)
Al-Azhar University

Egypt.

Prof. Manal Mohammad Baddour
Alexandria University

Faculty of Medicine

Microbiology and Immunology Dept.
Azarita,

Egypt.

Dr. Bechan Sharma
Department of Biochemistry
Centre for Biotechnology
University of Allahabad
Allahabad,

India.

Ass. Prof. Ravichandran Veerasamy
Faculty of Pharmacy

AIMST University

Malaysia

Dr. Mohammad Ibrahim

Programa de Pés-Graduagdo em Bioquimica Toxicoldgica
Centro de Ciéncias Naturais e Exatas

Universidade Federal de Santa Maria

Brazil.

Dr. Sudheer Bobba

Department of Drug Metabolism and Pharmacokinetics
Covance Laboratories
USA.

Dr. Kannan Alpadi

Department of Molecular Biology and Biochemistry
Baylor College of Medicine

USA.

Dr. Shaohua Chen

Department of Plant Pathology
South China Agricultural University
Guangzhou,

China.

Dr. Prasun Kumar

Department of Microbial Biotechnology and Genomics
CSIR-Institute of Genomics and Integrative Biology
India.




Journal of Microbiology and Antimicrobials

Table of Contents: Volume9 Number 3 July, 2017

Elevated temperature induced resistance markers’ reduction of some selected
clinical bacterial pathogens
Otajevwo F. D. and Otasowie O. F.




academic]Journals

Vol. 9(3). pp. 23-34, July 2017

DOI: 10.5897/JMA2015.0336

Article Number: 7186ED065362 . . .. .
ISSN 2141-2308 Journal of Microbiology and Antimicrobials
Copyright © 2017

Author(s) retain the copyright of this article

http://www.academicjournals.org/JMA

Full Length Research Paper

Elevated temperature induced resistance markers’
reduction of some selected clinical bacterial pathogens

Otajevwo F. D.* and Otasowie O. F.

Department of Microbiology and Biotechnology, Western Delta University, Oghara, Nigeria.
Received 9 January, 2015; Accepted 14 July, 2016

Axenic cultures of Klebsiella pneumoniae, Escherichia coli and Staphylococcus aureus obtained from
the Medical Microbiology Laboratory of the Delta State University Teaching Hospital, Oghara, were
inoculated into ten-fold serial dilutions of 10™ to 107 in sterile Nutrient broth and incubated in water
bath at 37°C for 18 h initially. The turbid broth cultures of 10, 10° and 10" dilutions were subcultured
aseptically on sterile MacConkey agar, Nutrient agar and Blood agar plates and incubated at 37°C for 18
h. Antibiotic sensitivity testing was done using gentamycin, nalidixic acid, nitrofurantoin, ofloxacin,
cotrimoxazole, tetracycline, amoxicillin and amoxicillin/clavulanic acid on isolates from the last three
dilutions selected and results were recorded as before temperature treatment. Serial dilutions were
repeated and the last three dilutions were subcultured on same media as before treatment and all
inoculated plates were incubated at 30, 35, 40 and 45°C in the water bath for 18 h. Antibiotic sensitivity
testing was then carried out using the same drugs and results were recorded as after treatment.
Meanzstandard error zones of inhibition (ZI) recorded for 10°, 10°® and 107 E. coli broth dilutions at 37°C
by gentamycin, nalidixic acid, nitrofurantoin and ofloxacin were 13.8410.0, 16.8+11.0, and 14.0+8.1 mm,
respectively. Same broth dilutions of K. pneumoniae recorded 17.6+9.5, 14.44+6.0 and 13.8+9.3 mm ZI,
respectively to same drugs. Similarly, same broth culture dilutions of S. aureus recorded 3.4+7.1,
2.846.9 and 2.8+5.7 mm ZI, respectively to same antibiotics. There was resistance reduction (RR) of
76.2+11.6 and 57.0£14.3% by 10° and 107 broth dilutions of E. coli at 30 and 40°C, respectively. In all
three broth culture dilutions of K. pneumoniae, there was a less than 30% RR at all tested temperatures.
S. aureus broth dilutions of 10°, 10° and 107 recorded 173.9+6.4, 150.0+7.3 and 87.0+6.2% RR,
respectively to ofloxacin at 30°C. At 35°C, 107 S. aureus broth dilution recorded 87.0+4.3% RR. There
was more than 50% RR in 10° and 10° S. aureus broth dilutions at 40°C and more than 50% RR in all
three dilutions at 45°C. Vertically, the three pathogens in 107 broth dilution and at 40°C recorded a
common RR of 58.1+11.2% against gentamicin. Broth culture dilutions of 10° and 10 of all pathogens
produced RR of 74.6+22.2 and 74.6+21.0%, respectively against ofloxacin with no significant RR against
the other drugs at the temperatures tested. The implications of these findings are discussed.

Key words: Elevated, temperature, resistance reduction, clinical pathogens.

INTRODUCTION

Numerous classes of antimicrobial agents have become resistance often as a result of the selective pressure of
less effective as a result of the emergence of antimicrobial their usage (Oskay et al., 2009). This selective pressure
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can be attributed to indiscriminate use of antibiotics,
complex socio-economic behavioural antecedents and
dissemination of drug resistant pathogens in human
medicine (Okeke et al.,, 1999). Moreover, the dis-
appointing lack of new antimicrobial agents has led to
overuse of existing ones thus leading to the emergence
of multi-resistant pathogens (McGowan and Wise, 2001).

Therefore, as the proliferation of multidrug resistant
pathogens continues unavoidably within and around us, it
is important that their resistance trend be put under check
through intensive research and antibiotics surveillance
(Akortha and Filgona, 2009). The primary causes of
antibiotic resistance in bacteria are mobile elements
called plasmids and conjugative transposons. Plasmids
are extra chromosomal DNA elements that have the
capacity to replicate independently of the chromosome of
the bacterial cell (Madigan et al., 2003). Resistance
plasmids or R plasmids code for enzymes that can
inactivate antibiotics, prevent the uptake of an antibiotic
or pump out a particular antibiotic (Neu, 1989).

Curing is the process of removing plasmids from a
bacterial cell (Trevors, 1986). The resulting bacteria then
become sensitive to the selective agent. It was initially
thought that the phenomenon of curing would proffer
solution in controlling the development of antibiotic
resistance in formerly antibiotic susceptible bacteria.
Sadly, many plasmids are retained in the absence of the
selective agent and this could be due to the presence of
DNA cassettes that encode for stability (Zielenkiewicz
and Ceglowski, 2001).

Novobiocin, ethidium bromide, acriflavine, acridine
orange, ascorbic acid and elevated temperatures have
been used as curing agents (Ramesh et al., 2000).
Physical treatments, chemical compounds and growth
conditions may increase the frequency of elimination of
drug resistant R-plasmids resulting in sensitive cells that
were previously resistant to antibiotics (Lakshmi et al.,
1989). DNA intercalating dyes (ethidium bromide),
sodium dodecyl sulphate (SDS), antibiotics, thymine
starvation and elevated temperatures have been used as
curing agents (Chakrabarrty et al., 1984; Gupta et al.,
1980; Obaseki-Ebor, 1984; Reddy et al., 1986). The
various researched curing agents may have several
different modes of action. They may affect membrane
potential, membrane permeability, protein synthesis and
the processing of DNA (Viljanen and Boratynski, 1991).
Some curing compounds block plasmid transfer (Zhao et
al., 2001).

Temperature is a basic requirement for bacterial growth
and most clinically significant microorganisms are
mesophiles that grow optimally at temperatures between
43 and 44°C .Temperature is among the environmental
factors microorganisms require for their survival (Goller

and Romeo, 2008; Rachid et al., 2000). High temperature
will often bring about increased growth rate due to
catabolic processes (such as respiration) being
surpassed by anabolic processes such as protein
synthesis (Degerman et al., 2013).

Growth of Staphylococcus aureus at 45°C increased
the rate of loss of penicillinase production (Asheshov,
1966a or b). Fairbrother et al. (1954) reported that growth
of some strains of Staphylococci at elevated temperature
(44°C) increased the rate of loss of penicillin resistance.
May et al. (1964) reported loss of both penicillin and
tetracycline resistance by S. aureus when grown at
elevated temperature of 43 to 44°C. Bondi et al. (1958)
showed that growth of S. aureus at 45°C increased the
rate of loss of penicillinase production.

Stanier et al. (1984) reported that whereas elevated
temperature of 40°C alone was ineffective in curing
Pseudomonas putida, the plasmid or resistance marker
of this organism was cured up to 2.63% when elevated
temperature (40°C) and acridine orange combined were
used together. Curing by elevated temperature is the
most efficient method among others and this may be due
to the fact that the enzymes which mediate DNA
replication processes are more affected by high
temperature (Kheder, 2002). Enzyme inactivation may be
due to a change in the folding of polypeptide at high
temperature (40 to 46°C), that is, the enzymes are
sensitive to elevated temperature (Kheder, 2002).

The antibacterial activity of antimicrobial agents against
some strains of S. aureus was significantly enhanced by
increasing the incubation temperature (Hajdu et al.,
2009). Incubation of the strains with antibiotics at 40 or
45°C resulted in significant reductions in bacterial growth
(Hajdu et al., 2009). Elevated temperature (46°C)
treatment of three strains of P. aeruginosa efficiently
cured all the plasmids being harboured within the
genome of these organisms (Radi and Rahman, 2010).
The genes located on the chromosomal DNA were
however not affected by high temperature treatment
compared with that encoded by plasmid DNA (Radi and
Rahman, 2010).

Treatments that increase the frequency of elimination
of plasmids will enhance microbial susceptibility to
antibiotics. To our knowledge, there was no published
current work on elevated temperature treatment of
multidrug resistant bacterial pathogens, such as
Escherichia coli, Klebsiella pneumonia, and
Staphylococcus aureus which are pathogens implicated
in a great number of human diseases. The focus of this
work, therefore, is antibiotic resistance marker reduction
of pure broth cultures of selected clinical pathogens after
elevated temperature treatments with the following
objectives:
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1. Determine the antibiotic susceptibility profile of
selected clinical isolates (E. coli, K. pneumoniae and S.
aureus) after incubation at 37°C for 24 h before elevated
temperature treatment.

2. Show or evaluate <50.0% resistance marker (RM)
reduction of clinical pathogens at different temperatures
(30, 35, 40 and 45°C) of incubation for 18 h.

3. Show a summary of £50.0% RM reduction of clinical
pathogens at all tested elevated temperatures.

MATERIALS AND METHODS
Sampling

Axenic (pure) isolates of K. pneumoniae, E. coli and S. aureus
isolated from midstream urine and infected wound samples were
obtained from the Medical Microbiology Department of Delta State
University Teaching Hospital, Oghara, Nigeria. Pathogens which
were appropriately labelled and stocked on sterile Nutrient agar
slants were then transported to the Microbiology and Biotechnology
Laboratory of the Western Delta University, Oghara for immediate
processing.

Processing

Stocked cultures of named pathogens were re-confirmed by
subculturing them on selective and sterile agar media and
incubated appropriately at 37°C (Cowan and Steel, 1996). Stocked
cultures of K. pneumoniae and E. coli were subcultured on sterile
Nutrient agar, MacConkey agar and Cystine Lactose Electrolyte
Deficient agar plates. S. aureus stock culture was subcultured on
sterile MacConkey agar and Mannitol Salt agar plates. All inoculated
plates were incubated at 37°C for 24 h.

The resulting colonies were identified by standard methods of
Cowan and Steel (1996) and Cullimoore (2000). Isolates were
identified culturally, morphologically, biochemically and by sugar
fermentation. Gram negative, raised, entire, circular, mucoid, motile,
lactose, glucose fermenting, indole positive, methyl red positive,
voges praskauer negative, citrate negative and urease negative
bacilli in singles were identified as K. pneumoniae. Red to pink
smooth and convex colonies (on MacConkey agar), mucoid or non-
mucoid yellowish smooth and convex colonies (on CLED agar),
gram negative bacilli in singles, indole positive, methyl red positive,
voges proskauer negative, citrate negative, urease negative,
gelatine liquefaction negative colonies with gas from glucose and
lactose fermentation were confirmatory of E. coli. Bacterial
organism that showed gram positive cocci in clusters, catalase
positive, DNAase negative, mannitol fermenting, raised, round and
smooth colonies were identified as S. aureus. All three re-confirmed
isolates were subjected to serial dilutions in sterile Nutrient broth.

Serial dilution (ten-fold dilution) of isolates

Each isolate was first inoculated into 10 ml sterile Nutrient broth
and incubated at 37°C for 18 h. The resulting turbid (cloudy) broth
cultures (well labelled) were used for the serial dilutions. For each
isolate, seven sterile test tubes each containing 9 ml of sterile
Nutrient broth were set on a test tube rack and labelled 102, 10? to
107. Into the first tube, 1.0 ml of the nutrient broth culture was
pipetted and mixed. From this tube, 1 ml was pipetted (using
another sterile pipette) into tube 2, mixed and from this, 1 ml was
pipetted into the next till the 7th tube. From the 7th tube, 1 ml was
pipetted and discarded. All inoculated tubes with their dilution
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concentrations were incubated in a water bath at 37°C for 18 h. At
the end of incubation, the last three turbid tubes (having dilutions
105, 10® and 107) were subcultured on sterile MacConkey and
Blood agar plates and incubated at 37°C for 24 h. The resulting
colonies were then used for antibiotic sensitivity testing.

Antibiotic sensitivity testing

Antibiotic sensitivity testing was done on all three bacterial isolates
and done according to the disc diffusion method by Bauer et al.
(1996). A loopful of a colony was picked aseptically using a flamed
and cooled wire loop and placed in the centre of three sterile
Mueller Hinton agar plates (each of the three plates was used for
each dilution earlier subcultured). That is, three sterile Mueller
Hinton agar plates were used for each isolate. The loopful of a
colony in the centre of each plate was then spread all over the plate
applying the caution of not touching the edges of the plate. The
seeded plates were allowed to stand for about 2 min to allow the
agar surface to dry. The appropriate multi- discs containing
minimum inhibitory concentrations (MIC) of gentamicin (10 pg),
nalidixic acid (30 pg), nitrofurantoin (300 pg), ofloxacin (10 pg),
cotrimoxazole (25 pg), amoxicillin (25 pg), tetracycline (25 pg) and
augmentin (30 pg), chloramphenicol (30 pg), erythromycin (5 pg)
and cefuroxime (30 pg) were then aseptically placed (impregnated)
firmly onto the surface of the dried plates using a pair of sterile
forceps. Discs were placed at least 22 mm from each other and 14
mm from the edge of the plates (Ochei and Kolhatkar, 2008). All
plates were allowed to stand on laboratory bench for 10 min before
incubation (Mbata, 2007).

Antibiotic discs used were selected on the basis of their clinical
importance and efficacies on E. coli, K. pneumoniae and S. aureus.
The plates were left at room temperature for about 30 min to allow
for diffusion of the different antibiotics from the discs into the
medium. The plates were then incubated at 37°C for 18 to 24 h. At
the end of incubation, the diameters of the zones of inhibition from
one edge to the opposite edge were measured to the nearest
millimetre using a transparent ruler. Zones of inhibition greater than
10 mm were considered sensitive, 5-10 mm as moderate sensitive
and no zone of inhibition as resistant (NCCLS, 2000).

Temperature treatments of clinical pathogens

Serial dilutions (ten-fold dilution) were again carried out using the
original overnight Nutrient broth culture of each isolate into a set of
seven sterile test tubes each containing 9 ml of sterile nutrient
broth. One millilitre (1.0 ml) of broth culture was pipetted into the
first tube and mixed and then 1.0 ml was pipetted from first tube
into the second and so on till the seventh tube to give 107, 10?to
107 as earlier described. All tubes were then incubated at 30°C in a
water bath. The dilutions were repeated using new sets of sterile
tubes and incubated in water bath at 35, 40 and 45°C. This was
separately done for each isolate. At the end of incubation, all turbid
tubes were recovered and only 10%, 10® and 107 broth cultures
were subcultured on MacConkey agar and Cystine Lactose
Electrolyte Deficient agar plates and incubated at 30, 35, 40 and
45°C for 18 to 24 h. Antibiotic sensitivity testing was then carried
out on the resulting colonies of each isolate after the various
temperature treatments as previously described.

RESULTS

The values of zones of inhibition (in millimetres) by
gentamicin, nalidixic acid, nitrofurantoin, ofloxacin,
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Table 1. Antibiotic susceptibility profile of clinical of isolates before treatment (that is, after incubation at 37°C for 18 h).

Clinical GEN (mm) NAL(mm) NITRO (mm) OFL(mm) COT (mm) Mean£SE (mm)

isolates 10 10 107 10 106 107 105 106 107 105 106 10 10 107 105 10 107
E. coli 15.0 25.0 15.0 10.0 16.0 15.0 24.0 23.0 20.0 20.0 20.0 0.0 0.0 0.0 13.8£10.0 16.6+11.0  14.0+8.1
K pneumoniae 15.0 16.0 13.0 17.0 17.0 17.0 17.0 0.0 0.0 19.0 19.0 20.0 20.0 20.0 176495 144460  13.8%7.7
S aureus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 14.0 17.0 14.0 0.0 0.0 0.0 34471 2.8+6.9 28457
mean+SE 10.0¢15.9 1374233  9.3+150 9.047.1 11.0¢11.5 107456 13.7+10.7 7.7#11.0 11.3%12.3 187445 17.7¢10.0 13.0475 6.7¢212 6.7#212 6.74212 - -

GEN: Genticin, NAL: nalidixic acid, NITRO: nitrofurantoin, OFL: ofloxacin, COT: cotrimoxazole, TET: tetracycline, CHL: chloramphenicol, ERY: erythromycin, CXC: cefuroxime, AMX: amoxicillin, AUG:
amoxicillin/clauvulanic acid. AMX, TET, ERY, CXC and AUG recorded no sensitivity before and after treatment (hence, not included above) except for TET that recorded resistance reduction after
treatment at 45°C. 10°, 10° and 107 refer to broth culture dilutions of E. coli, K. pneumoniae and S. aureus.

cotrimoxazole, amoxicillin, tetracycline, and
amoxicillin/clavulanic acid against 10° to 10’
dilutions of overnight broth pure cultures of E. coli
(isolated from urinary system), K. pneumoniae
(isolated from urinary system) and S. aureus
(isolated from an infected wound) after incubation
at 37°C for 24 h are shown in Table 1.

The zones of inhibition recorded for 10° E. coli
broth dilution by gentamicin, nalidixic acid,
nitrofurantoin and ofloxacin ranged from 10.0 to
25.0 mm with a meantstandard error (SE) of
13.8+10.0 mm zone of inhibition. The same
antibiotics produced 16.0 to 25.0 mm range of
inhibition zone for 10° E. coli dilution with a mean
of 16.8+11.0 mm. The dilution 10" of E. coli broth
recorded a mean of 14.0+8.1 mm zone of
inhibition and a range of 15.0 to 20.0 mm to the
same antibiotics.

K. pneumoniae 10°, 10° and 10’ broth culture
dilutions recorded inhibition zone ranges of 15.0
to 20, 16.0 to 20.0 and 13.0 to 20.0 mm,
respectively with meantSE of 17.6+£9.5, 14.4+6.0
and 13.8+9.3 mm, respectively against the same
drugs.

Broth culture dilutions (105, 10°, 107) of S.
aureus produced zero zones of inhibition to the
tested drugs apart from ofloxacin which recorded
14.0, 17.0 and 14.0 zones of inhibition,
respectively. Mean+SE of 3.4+7.1, 2.8+6.9 and

2.8+5.7 mm were however recorded for the broth
dilutions, respectively.

Vertically, 10°, 10° and 107 dilutions of all pure
bacterial  pathogens  recorded  10.0+15.9,
13.7+23.3 and 9.3+15.0 mm zones of inhibition,
respectively to gentamicin. To the same dilutions
of all three pathogens, zones of inhibition of
9.0+7.1, 11.0+#11.5 and 10.745.6 mm were
recorded by nalidixic acid in that same order. In
that same order also, nitrofurantoin recorded
13.7+10.7, 7.7£11.0 and 11.3+12.3mm zones of
inhibition. Whereas, 10°, 10° and 10’ broth culture
dilutions of all pathogens recorded 18.7+4.5,
17.7+10.0 and13.0+7.5 mm zones of inhibition,
respectively to ofloxacin, the mean + SE zones of
inhibition recorded by cotrimoxazole for the same
broth dilutions were 6.7+21.2, 6.7+21.2 and
6.7£21.2 mm, respectively.

In Table 2, the indications of 50% (or more)
resistance marker reduction of clinical bacterial
pathogens after temperature treatment of 30°C
are shown. Although, there was 0.0% resistance
marker (RM) reduction for 10°, 10° and 10" E. coli
broth culture dilutions, the mean + SE zones of
inhibition indicated 0.0, 76.2 and 0.0% for the
dilutions, respectively suggesting that 10° E. coli
broth culture dilution produced a RM reduction of
76.2% which was much higher than the 50.0%
bench mark used in this study.

K. pneumoniae 10° broth culture dilution at 30°C
temperature treatment produced RM reductions of
13.3 to 26.3% with a mean = SE zone of inhibition
of 17.3+8.3% by all tested drugs. Broth culture
dilutions of 10° and 10’ of the same organism
recorded RM reductions of 6.3 to 35.3% and 0.0
to 47.1% respectively with meanstSE zones of
inhibiton  of 14.4+12.0 and 11.6+8.3%,
respectively.

Dilutions of S. aureus (10°, 10° and 10 recorded
RM reductions of 0.0 to 7.1, 0.0 and 0.0%,
respectively and means+SE zones of inhibition of
173.9+6.4, 150+7.3, and 87.0+6.2%, respectively
for all eight antibiotics tested. Of note, antibiotic
resistance reversal was recorded for gentamicin
after 30°C temperature treatment for all dilutions.
A similar situation occurred for 10° dilution with
cotrimoxazole.

Vertically, 10°, 10° and 10’ dilutions of all three
pure broth bacterial cultures recorded 50.0+9.8,
7.3t12.2 and 47.338.5% RM reductions,
respectively to gentamicin. The same broth
culture dilutions in that order produced resistance
marker (RM) reductions of 11.1+15.0, 9.1+8.4 and
9.4+12.9%, respectively to nalidixic acid. Mean +
SE resistance marker reduction of 0.0, 0.0 and
0.0% were recorded for the same dilutions with
nitrofurantoin.

Resistance reductions

marker of 7.3%9.2,



Table 2. Antibiotic sensitivity profile of clinical of isolates after 24 h incubation at 30°C.
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Clinical Dilutions GEN NAL NITRO OFL
isolates 105 106 107 105 106 107 105 106 107 105 106 107
Before 15.0 25.0 15.0 10.0 16.0 15.0 24.0 23.0 20.0 20.0 20.0 20.0
E. coli After 15.0 15.0 15.0 10.0 13.0 10.0 15.0 17.0 15.0 18.0 16.0 17.0
%RMR 0 0 0 0 0 0 0 0 0 0 0 0
Before 15.0 16.0 13.0 17.0 17.0 17.0 17.0 0.0 0.0 19.0 19.0 19.0
K. pneumoniae After 17.0 15.0 13.0 20.0 23.0 25.0 17.0 0.0 0.0 24.0 21.0 19.0
%RMR 13.3 6.3 0 17.7 35.3 47.1 0 0 0 26.3 10.5 0
Before 0.0 0.0 0.0 - - - 14.0 17.0 14.0
S. aureus After 13.0 14.0 13.0 - - - 15.0 14.0 13.0
%RMR 0 0 0 - - - 7.1 0.0 0.0
Before 1.04159 1374233 9.3+15.0 135151  16.5¢1.5  16.0+3.0 20.5£10.7 11.5+35.0 10.0+30.4 17.7¢£13.8 18.7+17.0 17.745.9
Mean +SE After 154367 14.7+1.19 13.7+2.1 15.0£15.2 18.0+15.2 17.5+22.8 16.0£3.0 8.5+259 754228 19.0+46  17.046.6 16.315.6
%RMR 50.0 73 47.3 11.1 9.1 94 0 0 0 73 9.1 0
cot TET MeantSE
105 106 107 105 106 107 105 106 107
Before 0.0 0.0 0.0 0.0 0.0 0.0 8.6+7.3 10.5£176  8.87.8
E. coli After 0.0 12.0 0.0 0.0 17.0 10.0 7.316.6 11.346 8.4111
%RMR 0.0 0 0 0 0 0 0 76.2 0
Before 20.0 20.0 20.0 0.0 0.0 00 11.0£7.5 9.0+15 8.617.7
K. pneumoniae After 25.0 23.0 20.0 0.0 0.0 0.0 12.949.0 10.319 9.6+8.8
%RMR 25.0 15.0 0 0 0 0 17.3 14.4 11.6
Before 0.0 0.0 0.0 0.0 0.0 0.0 23157 2.846.9 23157
S. aureus After 10.0 0.0 0.0 0.0 14.0 0.0 6.3£7.1 7.0£8.0 4.346.7
%RMR 0.0 0.0 0.0 0.0 0.0 0.0 173.9 150.0 87.0
Before 6.7+21.2 674212 6.7421.2 0.0 0.0 0.0 0.0 0.0 0.0
Mean+SE After 11.74231 1174211 6.7+21.2 0.0 10.3+6.0  3.3£10.3 0.0 0.0 0.0
%RMR 74.6 0 0 0 0 0 0 0 0

%RMR: Percentage resistance marker reduction.
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Table 3. Antibiotic sensitivity profile of clinical isolates after 24 h incubation at 35°C.

Selected Dilutio GEN NAL NITRO OFL COoT Mean+SE

isolates ns 10 106 107 105 106 107 105 106 107 10 106 107 105 106 107 105 106 107
Before 15.0 25.0 15.0 10 16 15.0 24.0 23.0 20.0 20.0 20.0 20.0 0.0 0.0 0.0 86+7.3  105+16  8.8+7.8

E. coli After 15.0 18.0 14.0 8.0 14.0 16.0 17.0 20.0 12.0 17.0 15.0 19.0 0.0 0.0 0.0 7.146.6 8.4+7.5 7.645.3
%RMR 0 0 0 0 0 6.7 0 0 0 0 0 0 0 0 0 0 0 0
Before 15.0 16.0 13.0 17.0 17.0 17.0 17.0 0.0 0.0 19.0 19.0 19.0 20.0 20.0 20.0 11.0£7.5 9.0+148  8.6+7.7

gheumoniae After 14.0 17.0 15.0 11.0 13.0 16.0 17.0 0.0 0.0 20.0 18.0 23.0 23.0 20.0 22.0 106+7.8  85t7.6  10.8+8.0
%RMR 0 6.3 15.4 0 0 0 0 0 0 5.3 0 211 15.0 0 10.0 0 0 256
Before 0.0 0.0 0.0 14.0 17.0 14.0 0.0 0.0 0.0 2.3+5.7 2.846.9 2.3+5.7

S. aureus After 0.0 10.0 10.0 16.0 21.0 16.0 0.0 0.0 0.0 27427 5.1£3.6 4.3+2.9
%RMR 0 0 0 14.3 235 14.3 0 0 0 174 45.1 87.0
Before 10.0£159 1374233  9.3+150  135+151 16515 16.0+3.0 20.5+10.7 11.5+#350 10.0£304  17.7+13.8 187#17.0 17.7¢59 6.7#21.2 6.7#21.2 6.7£21.2

Mean+SE After 9.7+15.4 15.0£8.1 13.0£12.9 9.5+3.9 135+1.3  16.0£0.0  17.0+0.0  10.0+430  6.0+25.8 17.748.0 18.0£5.5  19.3+6.5 7.74244 674212 7.3+234
%RMR 3.0 9.5 39.8 0 0 0 0 0 0 0 0 9.0 14.9 0 9.0

9.1+11.8 and 0.0% were recorded for 10°, 10° and
10" broth culture dilutions, respectively of all
pathogens with ofloxacin and 74.6+22.2,
74.6+21.0 and 0.0% RM reductions for all three
dilutions, respectively were recorded for
cotrimoxazole.

Table 3 displays the data recorded for all three
pathogens after 35°C temperature treatment.
There was 0.0% RM reduction in E. coli broth
culture diluton of 10° for all the tested
antimicrobial agents with equally 0.0% Mean + SE
RM reduction. Apart from 6.7% RM reduction
recorded for 107" broth culture dilution, there was
also 0.0 and 0.0% RM reduction and 0.0 and 0.0
meant E RM reduction for 10™° and 10~ E. coli
broth culture dilutions, respectively.

For all the eight antibiotics tested, broth culture
dilutions 107> and 107° of K. pneumoniae recorded
RM reductions of 5.3 to 15.0% and 0.0 to 6.3%,
respectively with mean+SE RM reductions of 0.0
and 0.0%, respectively, while 10”7 dilution showed
a RM reduction of 10.0 to 21.1% with a mean +

SE of 25.6%. Broth culture dilutions of S. aureus
produced 0.0% RM reduction for all antibiotics
tested apart from ofloxacin which recorded RM
reductions of 14.3, 23.5 and 14.3% for 10°, 10°
and 10’, respectively with meantSE RM
reductions of 17.4, 45.1 and 87.0%, respectively.
A significant RM reduction of 87.0% was therefore
recorded for 107 dilutions.

The three broth culture dilutions (105,106 and
10") of all three pathogens together (E. coli, S.
aureus and K. pneumoniae) recorded mean+SE
RM reductions of 3.0+15.7, 9.5+15.7 and
39.8+14.0%, respectively when gentamicin was
applied. The application of nalidixic acid for the
same dilutions and for all three pathogens
recorded mean+SE RM reductions of 0.0, 0.0 and
0.0%, respectively. Similar RM reductions were
recorded with nitrofurantoin. Ofloxacin recorded
9.0+22.3% RM reductions for 10°, 10° and 10’
broth cultures dilutions, respectively for all three
pathogens together.

Data obtained at 40°C temperature exposure of

E. coli broth culture dilutions are shown in Table
4. Broth culture dilutions of 10° for all eight
antibiotics tested recorded 0.0 to 50.0% RM
reduction while 10° and 10” broth dilutions
recorded 0.0 to 18.8 and 13.3 to 33.3% RM
reductions, respectively. The mean + SE for 10°,
10° and 10" E. coli broth culture dilutions after
40°C temperature treatment were 2.3+7.5, 0.0
and 2.3+7.9%, respectively. Indication of <50.0%
RM reduction was absent. The 10°, 10° and 10’
broth culture dilutions of K. pneumoniae for all the
eight tested antibiotics recorded RM reductions of
0to 11.8, 0.0 to 6.3 and 5.3 to 30.8%, respectively
with meantSE RM reductions of 7.2+7.8,
1.1411.7 and 23.3+7.4%, respectively. Again,
there was absence of <50.0% RM reduction.

As was the case with 35°C temperature
treatment, S. aureus at 40°C treatment recorded
0.0% RM reduction in 10° 10° and 10’ broth
culture dilutions for all the antibiotics tested apart
from ofloxacin for which 7.1, 5.9, and 0.0% RM
reductions were recorded for the three dilutions,



Table 4. Antibiotic sensitivity profile of clinical isolates after 24 h incubation at 40°C.
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Clinical Dili GEN NAL NITRO OFL cot Mean * S.E
. lutions
isolates 108 106 107 108 10 107 10° 10 107 105 106 107 105 106 107 105 106 107
E ol Before 15.0 25.0 15.0 10.0 16.0 15.0 240 23.0 20.0 20.0 20.0 20.0 0.0 0.0 0.0 8.6+7.3 10.5+£17.6 8.8+£7.8

' After 15.0 220 17.0 15.0 19.0 20.0 19.0 21.0 18.0 21.0 18.0 17.0 0.0 0.0 0.0 8.8+7.7 10.0+8.8 9.0£7.9
K. Before 15.0 16.0 13.0 17.0 17.0 17.0 17.0 0.0 0.0 19.0 19.0 19.0 20.0 20.0 20.0 11.0¢7.5  9.0+14.8 8.6+7.7
pneumoniae  After 15.0 17.0 17.0 19.0 17.0 17.0 19.0 0.0 16.0 21.0 19.0 20.0 20.0 20.0 15.0 11.848.1 9.148.5 10.6+7.1
S. aureus Before 0.0 0.0 0.0 14.0 17.0 14.0 0.0 0.0 0.0 2.3+5.7 .8+6. .345.

' After 10.0 10.0 10.0 15.0 18.0 10.0 0.0 0.0 0.0 42451  AT+53  33#52
MeanSE Before 10.0£159  13.7+¢233  9.3+150 13.5+151 16.5+1.5 16.0£3.0 20.5£#10.7 11.5+350 10.0£304 17.7+138 18.7+17.0 17.7+9 6.72+. 6.7421.2  6.7£21.2

B After 13.3+5.3 16.3+111  14.7+74 17.0+886  18.0+4.3 18.546.5 19.0+0.0 10.5+45.2 17.0+4.3 19.0+6.4 18.3+0.7 15.7+4 674212 6.7¢21.2  5.0¢15.9
. . 7 . . 7 3 . . .
respectively. Also, the mean + SE RM reductions and 10° recorded resistance marker (RM) RM reduction for 10" dilutions, while cotrimoxazole

recorded for the three dilutions were however
121.7+5.4, 89.316.1, and 126.1+£5.5%,
respectively. All three dilutions produced greater
than 50% RM reductions.

Broth culture dilutions (10°, 10° and 107) of E.
coli, K. pneumoniae and S. aureus with the
application of gentamicin recorded 33.0+10.6,
19.0+17.25 and 58.1+11.25% RM reductions,
respectively. The antimicrobial action of nalidixic
acid on all three pathogens combined recorded
25.9+11.9, 9.1+295 and 15.6x4.3% RM
reductions, respectively. Whereas the antibiotic
activity of nitrofurantoin recorded 70.0+17.4% RM
reduction at 10’ dilution, ofloxacin recorded
7.3+10.1% RM reduction after 40°C temperature
treatment of all three pathogens indications for
<50.0% RM reduction were recorded for 10’
dilution (58.1%) and 10" dilution (70.0%) with
gentamicin and nitrofurantoin  applications,
respectively.

In Table 5, data recorded after 45°C temperature
treatments are shown. E. coli broth culture dilution
of 10° for all eight antimicrobials tested recorded
13.3 to 70.0% RM reduction and mean + SE RM
reduction of 57.0+14.3%. Broth dilutions of 10°

reductions of 0.0 to 15.0% and 5.0 to 10.0%,
respectively and meantSE RM reductions of
22.9+24.3 and 37.5£7.3%, respectively. K.
pneumoniae 10°, 10° and 10 broth dilutions after
45°C temperature treatment recorded 6.7 to 10.5,
0.0 and 0.0 to 7.7% RM reductions, respectively
with mean + SE RM reductions of 0.0, 0.0 and
2.3+7.0%, respectively. S. aureus broth culture
dilutions at 45°C treatment recorded 0.0% RM
reduction for all antibiotics used apart from
ofloxacin for which 0.0, 11.8 and 21.4% RM
reductions and mean+SE reductions of 65.2+5.4,
71.446.9 and 95.7+6.05 were recorded,
respectively for 10°, 10° and 10" broth dilutions,
respectively.

The 10°, 10° and 10’ broth dilutions of the three
pathogens recorded 43.0+11.5, 4.4+15.8 and
43.0£10.3% RM reductions, respectively due to
the antimicrobial action of gentamicin. Nalidixic
acid activity produced RM reductions of 3.7+14.0,
0.0 and 0.0% for the three dilutions, respectively.
RM reductions of 0.0, 21.7 and 5.0% were
recorded, respectively for the three dilutions in
that order as a result of the antibacterial activity of
nitrofurantoin. The effect of ofloxacin was 9.0%

activity produced RM reductions of 34.3+17.9,
29.9+18.1 and 38.8+18.1% for 10° 10° and 10’
broth culture dilutions, respectively of all three
bacterial pathogens.

Table 6 shows the summary of resistance
marker reduction at the various applied
temperature treatments.

DISCUSSION

It has been reported that novobiocin, ethidium
bromide, acriflavin, acridine orange, ascorbic acid
and elevated temperatures are effective as curing
agents (Ramesh et al, 2000). Elevated
temperatures (43 to 44°C) have been successfully
used not only to cure tetracycline resistant and
penicillinase positive strains of S. aureus but also
for curing F plasmids from E. coli (May et al.,
1964). Also, it has been reported that certain
physical treatments (such as elevated temperature
treatment) and chemical compounds as well as
growth conditions may increase the frequency of
elimination of drug resistance R plasmids resulting
in sensitive cells that were previously resistant to
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Table 5. Antibiotic sensitivity profile of clinical isolates after 24 h incubation at 45°C.

Clinical isolates  Dilutions GEN NAL NITRO OFL
105 10-6 107 10-5 10-6 107 105 106 107 105 106 107
Before 15.0 25.0 15.0 10.0 16.0 15.0 24.0 23.0 20.0 20.0 20.0 20.0
E. coli After 17.0 19.0 16.0 17.0 16.0 12.0 24.0 16.0 21.0 19.0 23.0 22.0
%RMR 13.3 0 6.7 70.0 0 0 0 0 5.0 0 15.0 10.0
Before 15.0 16.0 13.0 17.0 17.0 17.0 17.0 0.0 0.0 19.0 19.0 19.0
K. pneumoniae  After 16.0 14.0 14.0 11.0 10.0 9.0 15.0 12.0 0.0 21.0 11.0 19.0
%RMR 6.7 0 7.7 0 0 0 0 0 0 10.5 0 0
Before 0.0 0.0 0.0 - 14.0 17.0 14.0
S. aureus After 10.0 10.0 10.0 - 13.0 19.0 17.0
%RMR 0% 0% 0% - 0 11.8 214
Before 10.0£15.9 13.7423.3 9.3%£15.0 13.5¢15.0 16515 16.0£3.0 20.5£10.7 11.5+£35.0 10.0+30.4 17.7£13.8  18.7£17.0 17.745.9
Mean£SE After 14.3£7.0 14.3#8.3 13.3%5.6 14.0£12.9 13.0£12.9 10.5%6.5 19.5£19.4 14.028.6 10.5%45.2 177877  17.7211.2 19.3+4.6
%RMR 43.0 4.4 43.0 37 0 0 0 21.7 5.0 0 0 9.0
CcoT TET Mean £ S.E
105 10-6 107 10-5 10-6 107 105 106 107
Before 0.0 0.0 0.0 0.0 0.0 0.0 8.6£7.3 10.5+8 8.848
E. coli After 15.0 16.0 13.0 16.0 13.0 13.0 13.5+7 12.9+7 12147
%RMR 0 0 0 0 0 0 57.0 229 375
Before 20.0 20.0 20.0 0.0 0.0 0.0 11.0+8 9.0+15 8.6+8
K. pneumoniae  After 12.0 10.0 15.0 13.0 8.0 13.0 11.0+8 8.1¢4 8.816
%RMR 0 0 0 0 0 0 0 0 2.3
Before 0.0 0.0 0.0 0.0 0.0 0.0 2.3+8 2.8+7 2.3+6
S. aureus After 0.0 0.0 0.0 0.0 0.0 0.0 3.815 4.8+7 4,516
%RMR 0 0 0 0 0 0 65.2 714 95.7
Before 6.7421.2  6.7£21.2 6.7421.2 0.0 0.0 0.0 -
Mean+SE After 9.0+146  8.7+149 9.3+15.0 9.7+156  7.0+121  8.7£13.8 -
%RMR 34 30 39 0% 0 0 -

%RMR: Percentage resistance marker reduction.
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Table 6. Summary of resistance marker reductions indicated by clinical isolates after elevated temperature treatments (< 50.0% RM reductions are highlighted).
Selected clinical isolates GEN NAL NITRO OFL coT Meanz S.E
ini I
105 106 107 105 106 107 105 106 107 105 106 107 105 106 107 105 106 107
30°C 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 762+ 116 0.0
E coli 35°C 0.0 0.0 0.0 0.0 0.0 6.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
' 40°C 0.0 0.0 13.3 50.0 18.8 33.3 0.0 0.0 0.0 5.0 0.0 0.0 0.0 0.0 0.0 23175 0.0 23179
45°C 13.3 0.0 6.7 6.7 70.0 0.0 0.0 0.0 0.0 0.0 0.0 5.0 0.0 15.0 10.0 70+143 229+243 375473
30°C 13.3 6.3 0.0 17.7 35.3 471 0.0 0.0 0.0 26.3 10.5 0.0 25.0 15.0 0.0 17383 144120 11.6483
, 35°C 0.0 6.3 15.4 0.0 0.0 0.0 0.0 0.0 0.0 53 0.0 211 15.0 0.0 10.0 0.0 0.0 25.6+8.9
K. pneumoniae o
40°C 0.0 6.3 30.8 1.8 0.0 0.0 11.8 0.0 0.0 10.5 0.0 53 0.0 0.0 0.0 7.3£7.8 1MA+11.7 233474
45°C 6.7 0.0 7.7 0.0 0.0 0.0 0.0 0.0 0.0 10.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.3+7.0
30°C 0.0 0.0 0.0 - - 71 0.0 0.0 0.0 0.0 0.0 739464  150.0+7.3  87.0+6.2
S aureus 35°C 0.0 0.0 0.0 - - 14.3 23.5 14.3 0.0 0.0 0.0 17442 451153 87.0+4.3
’ 40°C 0.0 0.0 0.0 - - 71 59 0.0 0.0 0.0 0.0 82.6+54 67.9+6.1 43.5¢5.5
45°C 0.0 0.0 0.0 - - 0.0 11.8 214 0.0 0.0 0.0 652454 71469  9576.0
30°C  50.0+9 7.3+12 47349 111215 9148 9413 0.0 0.0 0.0 739 9.1+ 0.0 746+22  75+21 0.0
Mean +SE 35°C  3.0¢16 9.5+16  39.8+14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.1+6 14.9+23 0.0 9.0+22
B 40°C  33.0+10 19.0+17  58.1x11 259412 9142 15644 0.0 0.0 70.7£7 7410 0.0 0.0 0.0 0.0 0.0
45°C 430411 44+16  43.0+10 3.7+14  90.0 0.0 0.0 22421 5.0+28 0.0 0.0 9.0+5 34£18 30418 39+18

antibiotics (among other agents) have been used
successfully to effect antibiotic sensitization of
previously resistant bacteria (Chakrabartty et al.,
1984; Gupta et al.,, 1980; Obaseki-Ebor, 1984;
Reddy et al., 1986).

Any treatment that increases the frequency of
elimination of plasmids will certainly enhance
sensitivity of antibiotics. In this study, elevated
temperatures of 30°C, 35°C, 40°C and 45°C were
used to treat serially diluted pure broth cultures of
E. coli, K. pneumoniae (both urinary tract
pathogens) and S. aureus (a pathogen isolated
from a wound infection). The plan was to see (in
terms of resistance marker reduction or complete
plasmids elimination), at what temperature(s)
there was <50.0% RM reduction which is the
significant benchmark (Akortha and Filgona,
2009). The three pathogens were selected simply
based on their virulence and frequent occurrences

in most human systemic and urinary infections.
Hence, it may be reasonable to infer that patterns

(treatment responses) recorded by these
pathogens may be a general reflection of
temperature treatment responses by other

pathogens having same degree or higher degree
of virulence.

Temperature treatments were carried out but in
sterile nutrient broth medium and this was to
enable the characteristic bacterial growth phases
(of lag, log, stationary and decline phases) take
their turn. Growth in liquid medium is synonymous
with growth of selected bacterial pathogens and
indeed, other bacterial pathogens in vivo (in the
blood circulatory system, tissues and lymphatic
system) of man and related primates. Incubation
in water bath rather than conventional incubator
was to ensure direct heat (temperature) contact
with diluted broth cultures of pathogens selected

for the study. Also, incubation for 18 h and not 24
h was to ensure that about 65% of cells in diluted
broth cultures were in their actively growing (that
is, viable or logarithmic) state to guarantee their
optimal biochemical and physiological activities in
the nutrient medium used.

Broth culture dilutions of 10° 10° and 107 (last
three dilutions) were used for subculture after
temperature treatment because the viable cells
were probably well spaced out within their cultures
to allow for maximal metabolic activities. Under
30°C temperature treatment, mean+SE resistance
marker reduction recorded for 10°, 10° and10’ E.
coli dilutions were 0.0, 76.2+11.6 and0.0%,
respectively. For K. pneumoniae, it was 17.3+8.3,
14.4+12.0 and 11.6+8.3%, respectively and for
broth dilutions of S. aureus, it was 173.9+6.4,
150.0+7.3 and 87.0+6.2%, respectively.

Significant RM reductions were recorded for 10°
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E. coli broth dilution and all three dilutions of S. aureus
after 30°C treatment. The reason why at 10° dilution, E.
coli recorded more than 50.0% RM reductions was not
clear, but it may be because at that dilution, enzymatic
activities increased above the specific temperature that is
characteristic of the heat stability of the particular
enzyme, thus enabling permeability of the tested drugs in
line with the report of Hardy (1986).

Similarly, it was not clear why 10° 10° and 10’ broth
culture dilutions of S. aureus produced more than twice
50.0% RM reduction on average with 30°C temperature
treatment. This is in view of the fact that more than 60.0%
of resistance genes of S. aureus are chromosome-
mediated and it has been reported that genes located on
chromosomal DNA are not affected by temperature
treatment compared to genes encoded by plasmid DNA
(Radi and Rahman, 2010). Present findings is also not
consistent with the report of Ochei and Kolhatkar (2008)
which stated that Staphylococci displays a faster growth
rate of resistant strains when incubated at 30°C rather
than at 37°C. The present finding is open to validation.
No significant RM reduction was recorded by K.
pneumoniae dilutions suggesting that 30°C temperature
treatment has no effect on the pathogen by other authors.

Temperature treatment of 35°C recorded 0.0% RM
reduction for all three broth dilutions of E. coli and less
than 30% (25.6+x8.9%) RM reductions in 10" K.
pneumoniae broth cultures dilutions. Only 10" S. aureus
broth culture dilution yielded 87.0+4.3% RM reduction
(more than 50.0%) due to the antimicrobial activity of all
the drugs combined. Resistance marker reduction by as
much as 87.0% implies that 35°C temperature treatment
will enhance S. aureus susceptibility to gentamicin,
ofloxacin, cotrimoxazole, tetracycline, erythromycin and
augmentin (due probably to increased permeability to
these drugs) when diluted to 10" in broth culture. Again,
this finding is inconsistent with the report of Ochei and
Kolhatkar (2008) which stated that Staphylococci displays
a faster growth rate of resistant strains when incubated at
30°C than at 37°C.

Antimicrobial action of all the selected antibiotics and
40°C temperature treatment recorded less than 5.0% RM
reduction on 10° 10’ broth dilutions as well as 0.0%
reduction on 10° dilution of E. coli. Less than 30% RM
reduction was recorded for all broth culture dilutions of K.
pneumoniae. Also at 40°C treatment, whereas more than
50.0% RM reduction was recorded separately for 10° and
10° broth dilutions of S. aureus, less than 50.0%
reduction was recorded for 10" dilution. The increased
(elevated) temperature treatment of 40°C did not yield a
marked difference in resistance marker reduction
compared to 35°C temperature treatment for E. coli and
K. pneumoniae. This, ostensibly suggest that elevated
temperature exposures of 35°C and 40°C have no effect
on both pathogens in terms of RM reduction under the
antibacterial activities of the selected antibiotics.

There was however significant RM reduction in broth
dilutions of S. aureus. According to Degerman et al.

(2013), temperature increase and addition of nutrients
can shorten lag phase (response time) in a broth culture.
This response time could be in terms of increased
permeability of the selected antibiotics. Conversely, a
decreased temperature can result in a prolonged lag
phase (Buchanan and Klawitter, 1992; Kirchman and
Rich, 1997). Kheder (2002) reported that at high
temperature treatment between 40 and 46°C, microbial
enzymes are sensitive to enzymes. Present finding is in
agreement with the report of Hajdu et al. (2009) which
established that antibacterial activity of antimicrobial
agents against some strains of S. aureus was significant
but differentially enhanced by increasing the ambient
temperature. Incubation of S. aureus strains with
antibiotics at 40°C or resulted in significant reductions in
bacterial growth (Hajdu et al., 2009). A moderate
increase in the ambient temperature increased the
antibacterial activities of antibiotics such as daptomycin,
vancomycin, tigecycline, fosfomycin and cefamandole
(Hajdu et al., 2009).

Again, 82.6% and 67.9% (more than 50.0%) RM
reductions in 10° and 10° S. aureus broth culture
dilutions, respectively after 40°C temperature treatment
reported in present study is not in tandem with the
published work of Stanier et al. (1984) which stated that
whereas elevated temperature of 40°C alone was
ineffective in curing Pseudomonas putida, the plasmid or
resistance marker of this organism was cured up to
2.63% when elevated temperature (40°C) and acridine
orange combined were used.

At 45°C temperature treatment, the antibacterial action
of all the selected antibiotics produced 57.0+14.3% (more
than 50.0%) RM reduction in 10° E. coli broth culture
dilution and less than 50.0% reduction in 10° and 10’
broth dilutions. The 57.0% (more than 50.0%) RM
reductions at 10° dilutions may be because E. coli attains
optimal metabolic (catabolic and anabolic) activities at
44°C as well as increased antibiotic permeability into the
cells may be responsible.

It was completely different with all three K. pneumoniae
broth culture dilutions at 45°C temperature treatment.
This was because 0.0% RM reduction was recorded for
both 10° and 10° dilutions and less than 3.0% reduction
in 10" dilution. Again, this may be suggestive that 45°C is
not optimal for resistance marker reduction (that is,
enhanced antibiotic sensitization) of multidrug resistant
strains of the clinical pathogen.

Resistance marker reductions of 65.2+5.4, 71.4+6.9
and 95.7+6.0% (all more than 50.0%) were recorded for
10°, 10° and 10" S. aureus broth culture dilutions,
respectively after 45°C temperature treatment. This
finding is supported by Bondi et al. (1958) whose report
stated that growth of S. aureus at 45°C increased the rate
of loss of penicillinase production. The present finding is
also consistent with the report that growth at elevated
temperature (44°C) increased the rate of loss of
penicillinase resistance in some strains of Staphylococci
(Fairbrother et al., 1954). May et al. (1964) showed that



loss at both penicillin and tetracycline resistance during
growth of a strain of S. aureus occurred at 43°C to 44°C.
Some authors have reported that 46°C temperature
treatment of three strains of P. aeruginosa efficiently
cured all the plasmids being harboured within the
genome of these organisms and conceded that elevated
temperature (46°C) is more efficient to cure all plasmids
than chemical agents (Radi and Rahman, 2010).

Antimicrobial action of gentamicin on 10° and 10° broth
culture dilutions of E. coli, K. pneumoniae and S. aureus
combined vyielded 50.0£9.8 and 58.1+11.2% RM
reduction at 30°C and 40°C temperatures treatment,
respectively. Less than 50.0% reduction was recorded at
the other temperature treatment. The antibacterial activity
of nalidixic acid did not yield up to 30.0% RM reduction in
all broth dilutions of the pathogens at the tested elevated
temperatures. A similar situation (to nalidixic acid)
occurred with ofloxacin. The antibacterial action of
nitrofurantoin however, produced a 70.7£17.4% (more
than 50.0%) RM reduction (at 40°C) in 10’ broth culture
dilution of the pathogens used in the study. The action of
cotrimoxazole produced 74.6122.2 and 74.6£21.0%
reductions in 10° and 10° broth dilutions, respectively of
the pathogens at 30°C temperature treatment In all, no
single antibiotic action on all three pathogens produced
significant (£50.0%) RM reduction after 45°C temperature
treatment.

Conclusion

Elevated temperature exposures of 30 and 40°C of pure
broth culture of E. coli can produce significant (<50.0%)
resistance marker reduction under the activity of selected
narrow and broad spectrum antibiotics. None of the
tested elevated temperature (that is, 30°C, 35°C, 40°C
and 45°C) seemed to have any effect on pure broth
culture of K. pneumoniae as no significant (£50.0%) RM
reduction was recorded. All tested elevated temperatures
produced significant (£50.0%) RM reduction in S. aureus
pure broth culture under the action of the selected
antimicrobials. Individually, gentamicin action vyielded
significant RM reduction on broth cultures of all three
pathogens at 30 and 40°C temperature treatments.
Nitrofurantoin activity yielded significant RM reduction at
40°C, while cotrimoxazole action resulted in significant
reduction at 30°C.
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