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This study assessed the influence of combining kanamycin and metronidazole against Gram positive 
and Gram negative bacteria by agar diffusion, checkerboard and time-kill assays. The test isolates were 
highly resistant with minimum inhibitory concentrations (MICs) ranging between 15.63 and >250 µg/ml 
for kanamycin and between 15.63 and 125 µg/ml for metronidazole. The antibacterial combinations 
resulted in drastic decreases in the MICs with an increased antibacterial activity that indicated 
synergistic interaction against all the bacteria except Acinetobacter calcaoceuticus UP, Enterobacter 
cloacae ATCC 13047 and Shigella flexneri KZN. The fractional inhibitory concentration indices (FICIs) 
showed synergy ranging from 0.31 to 0.50, additive interaction with FICI ranging from 0.53 to 1.25 and 
no antagonistic interaction. Escherichia coli ATCC 25922, Enterococcus faecalis ATCC 29212, Bacillus 
cereus ATCC 10702, E. cloacae ATCC 13047, Klebsiella pneumoniae ATCC 10031, A. calcaoceuticus UP 
and Micrococcus luteus were totally eliminated by the antibacterial combinations within 24 h of 
incubation. The lack of antagonism between these antibacterial agents in checkerboard and time-kill 
assays suggests that kanamycin may prove to be effective in monotherapy and combination therapy. 
The study indicates the potential beneficial value of combining kanamycin and metronidazole in the 
treatment of microbial infections in clinical settings.  
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INTRODUCTION  
 
Infectious diseases are a significant cause of morbidity 
and mortality accounting for approximately 50% of all 
deaths in tropical countries (Mahady, 2005; Khosravi and 
Behzadi, 2006) and a leading cause of death worldwide 
(Ahmad and Aqil, 2009). Due to indiscriminate use of 
antibacterial agents in infectious diseases (Davies, 1994; 
Service, 1995), multidrug resistance in bacteria has 
become a great challenge to human health (Peters et al., 
2008). With the increasing prevalence of multi-drug resis-
tant bacteria and appearances of strains with reduced 
susceptibility to antibiotics (Boucher et al., 2009)  as  well 

as the inexorable invasion of hospitals and communities, 
there are increases in health care costs (Gums, 2002), 
many untreatable bacterial infections and the need to 
search for new infection-fighting strategies and novel 
antibacterial agents (Zy et al., 2005; Rojas et al., 2006; 
Ymele-Leki et al., 2012).  

Although previous studies have indicated interactions 
between other aminoglycosides or nitroimidazole 
(metronidazole) and other antibacterial agents, combining 
kanamycin and metronidazole against bacteria of clinical 
importance has not been reported. For the aminoglycosides, 
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Burgess and Hastings (2000), Song et al. (2003) and 
CLSI (2006) reported the effectiveness of combining β-
lactam with aminoglycoside in the treatment of 
Pseudomonas aeruginosa. Kelesidis et al. (2008) and 
Petrosillo et al. (2008) showed that polymyxins and 
tigecycline were combined for treating infections caused 
by carbapenem-resistant Enterobacteriaceae and 
Cottagnoud et al. (2003) reported the synergy of 
vancomycin and gentamicin against penicillin-resistant 
pneumococci. While synergistic clinical efficacies of 
amoxicillin and metronidazole have been reported 
(Winkel et al., 2001; Yek et al., 2010), Pulkkinen et al. 
(1993) and Sanchez et al. (2004) showed that 
metronidazole-nystatin combination produced better 
prevention against bacterial vaginosis in women using 
intra uterine drug (IUD) as a contraceptive method than 
the respective drug. Azithromycin combined with 
metronidazole was more effective in treating pelvic 
inflammatory diseases (Bevan et al., 2003), symptomatic 
bacterial vaginosis (Schwebke and Desmon, 2007) and 
pediatric Crohn’s disease (Levine and Turner, 2011). The 
use of combinations of antimicrobials that together 
achieve synergistic activities against targeted micro-
organisms is one potential strategy for overcoming 
bacterial resistance (Allen et al., 2002). Theoretically, it is 
aimed at broadening antimicrobial empirical coverage, 
improving efficacy against isolates with a minimum 
inhibitory concentration (MIC) at or approaching the 
breakpoint for susceptibility as well as preventing the 
further emergence of resistant organisms (Rybak and 
McGrath, 1996; Walsh and Howe, 2002). Drug 
combinations are characterized by an increased activity 
and tolerability compared to that of monotherapy and 
those used to increase the killing of single-drug resistant 
strains or mutants. While preventing the emergence of 
reduced susceptibility, it achieves bactericidal synergy 
and provides activity against stationary-phase organisms 
and organisms growing in biofilm. The use of drug 
combinations is an excellent strategy to avoid or delay 
drug resistance since different drug targets are attacked 
simultaneously. This study was, therefore, aimed at 
assessing the effect of combining kanamycin and 
metronidazole, having different mechanisms of action, 
against bacteria of clinical relevance. 

 
 
MATERIALS AND METHODS 

 
Bacterial strain  

 
The bacteria used in this study included Acinetobacter 
calcaoceuticus UP, Bacillus cereus ATCC 10702, Escherichia coli 
ATCC 25922, Enterococcus faecalis ATCC 29212, Enterobacter 
cloacae ATCC 13047, Klebsiella pneumoniae ATCC 10031, 
Shigella flexneri KZN, Micrococcus luteus, E. faecalis KZN and 
Staphylococcus aureus OK2b. These organisms were obtained from 
the Department of Biochemistry and Microbiology, University of Fort 
Hare, Alice, South Africa. The antibacterial assays were carried out 
using Mueller Hinton II Agar (Biolab) and broth. 

 
 
 
 
Antibiotics used in this study 
 
Antibiotic powders of Kanamycin (Duchefa) and Metronidazole 
(Duchefa) were used. Stock antibiotic solutions were prepared and 
dilutions made according to the CLSI (Clinical Laboratory 
Standardization Institute) method or manufacturer’s 
recommendations (NCCLS, 1997; Richard et al., 2007).  
 
 
Antibiotic susceptibility testing - (Agar diffusion method)  
 
Each of the isolates was standardized using colony suspension 
method (EUCAST, 2012). Each strain's suspension was matched 
with 0.5 McFarland standards to give a resultant concentration of 1 
× 10

6
 cfu/ml. The antibiotic susceptibility testing was determined 

using the modified Kirby-Bauer diffusion technique (Cheesbrough, 
2002) by swabbing the Mueller-Hinton agar (MHA) (Oxoids U.K) 
plates with the resultant saline suspension of each strain. Wells 
were then bored into the agar medium with heat sterilized 6 mm 
cork borer. The wells were filled with 100 µl of different 
concentrations (62.5, 125 and 250 µg/ml) of each of the antibiotics 
taking care not to allow spillage of the solutions onto the surface of 
the agar. To determine the combinatorial effect of the antibiotics, 
different solutions containing combined concentrations (62.5, 125 
and 250 µg/ml) of kanamycin and metronidazole were prepared and 
used. The plates were allowed to stand for at least 30 min before 
being incubated at 37°C for 24 h (BSAC, 2002). The determinations 
were done in duplicate. After 24 h of incubation, the plates were 
examined if there is any zone of incubation (Bauer et al., 1966). 
The diameter of the zone of inhibition produced by the respective 
antibiotic alone and their combinations were measured and 
interpreted using the CLSI zone diameter interpretative standards 
(CLSI, 2008). 
 
 
Determination of minimal inhibitory concentration (MIC)  
 
The minimum inhibitory concentrations (MICs) for the two antibiotics 
under study were determined in duplicate by the macrobroth 
dilution method in Mueller Hinton broth according to CLSI (Clinical 
Laboratory Standardization Institute) (Richard et al., 2007). To 
determine the MICs of each antibiotic, different concentrations of 
each of the antibiotics (0.0019 - 500) µg/ml were prepared by serial 
dilution in Mueller Hinton broth. To determine their combinatorial 
effects, combinations of different concentrations used in the 
determination of the MICs of each of the antibiotics were used. The 
tubes were inoculated with 100 µl of each of the bacterial strains. 
Blank Mueller Hinton broth was used as negative control. The 
bacterial containing tubes were incubated   at 37

o
C for 24 h. Each 

combination assay was performed two times. The MIC was defined 
as the lowest dilution that showed no growth in the Mueller Hinton 
broth. 
 
  
Checkerboard assay 
 
The interactions between the two antibiotics were determined using 
the checkerboard as previously described (Petersen et al., 2006). 
The range of drug concentration used in the checkerboard assay 
was such that the dilution range encompassed the MIC for each 
drug used in the analysis. The fractional inhibitory concentration 
(FIC) was derived from the lowest concentrations of the two 
antibiotics in combination permitting no visible growth of the test 
organisms in the Mueller Hinton broth after an incubation for 24 h at 

37°C (Mandal et al., 2004). FIC indices were calculated using the 
formula FIC index = (MIC of kanamycin in combination/MIC of 
kanamycin alone) + (MIC of metronidazole in combination/MIC of 
metronidazole alone).  While  Eliopoulos   and   Eliopoulos   (1988),  



 
 
 
 
Isenberg (1992) and Petersen et al. (2006) defined synergy by the 
checkerboard method as ∑FIC ≤ 0.5, additivity as 0.5 < ∑FIC ≤ 1, 
indifference as 1 < ∑FIC ≤ 4 and antagonism as ∑FIC > 4, Giertsen 
et al. (1988), Grytten et al. (1988), and Kamatou et al. (2006) de-
fined synergy to occur when ∑FIC < 1.0, additivity occur when ∑FIC 
= 1.0 and antagonism when ∑FIC > 1.0. In this study, synergy was 
defined as ∑FIC ≤ 0.5, additivity as 0.5 < ∑FIC ≤ 1, indifference as 
1 < ∑FIC ≤ 4. Concentrations within the FIC panel were such that 
the MIC of each antibiotic was in the middle of the range of 
concentrations tested but lower than the MICs of the respective 
antibiotics. 
 
 
Determination of rate of kill 
 
Assays for the rate of killing bacteria by the combined antibiotics 
were carried out using a modified plating technique of Eliopoulos 
and Eliopoulos (1988) and Eliopoulos and Moellering (1996). The 
combined antibiotics were incorporated into 10 ml Mueller Hinton 
broth in McCartney bottles at ½ MIC and MIC.  Two controls, one 
Mueller Hinton broth without combined antibiotics inoculated with 
test organisms and Mueller Hinton broth incorporated with the 
combined antibiotics at the test concentrations without the test 
organisms, were included. Inoculums density, approximately 10

10
 

cfu/ml further verified by total viable count, was used to inoculate 10 
ml volumes of both test and control bottles. The bottles were 

incubated at 37°C on an orbital shaker at 120 rpm. A 100 µl aliquot 
was removed from the culture medium at 0, 24 and 48 h for the 
determination of cfu/ml by the plate count technique (Cruishank et 
al., 1975) by plating out 25 µl of each of the dilutions. The problem 
of antibiotics carryover was addressed by dilution as described 

previously by Pankuch et al. (1994). After incubating at 37°C for 24 
h, emergent bacterial colonies were counted, cfu/ml calculated and 
compared with the count of the culture control without antibiotic. 
 
 
RESULTS  
 
In this study, A. calcaoceuticus UP and E. faecalis KZN 
were highly resistant to kanamycin while other isolates 
exhibited concentration dependent susceptibility to the 
varied concentrations of this antibiotic. To metronidazole, 
E. faecalis KZN was susceptible to the different 
concentrations, E. faecalis ATCC 29212, K. pneumoniae 
ATCC 10031 and A. calcaoceuticus UP were slightly 
inhibited by the highest concentration. Other isolates 
were not affected by the different concentrations used. 
On combining different concentrations of the two anti-
biotics, concentration dependent significant synergistic 
interactions were observed. The resultant zones of 
inhibition from the combined antibiotics were wider than 
those obtained from the antibacterial activities of each 
antibiotic used (Table 1). Though the bacteria showed 
varied resistance to both antibiotics, resistant colonies 
were not isolated within the zones of inhibition and fuzzy 
zones were not found around the edges of the zones of 
inhibition. 

The macrobroth assay indicated that the test isolates 
were highly resistant to the two antibiotics by exhibiting 
minimum inhibitory concentrations (MICs) ranging 
between 15.625 and >250 µg/ml for kanamycin and 
15.625 to 125 µg/ml for metronidazole. On combining  the  
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two antibiotics against these bacteria, the MICs of both 
antibiotics were drastically reduced in the range between 
½ MIC and 

1
/8 MIC with a simultaneous increase in the 

antibacterial activity of the combined antibiotics (Table 2).  
The results of both assays were complementary. The 
significant reduction in the MICs and the observed 
increase in the zones of inhibition from combined 
antibiotics showed that the resultant effect of combining 
these two antibiotics was synergy. In the checkerboard 
assay, combining the two antibiotics showed synergistic 
interaction against most of the bacteria except 
Acinetobater calcaoceuticus UP, E. claoacae (ATCC 
13047) and S. flexneri KZN. While the fractional inhibitory 
concentration indices (FICIs) showing synergy ranged 
from 0.3125 – 0.5, an additive/indifference interaction 
was indicated with FICI ranging between 0.5313 and 1.25 
and no antagonism was recorded from the antibacterial 
combinations. The combined antibiotics indicated ability 
to improve the bactericidal effects of each other on both 
Gram-negative and Gram-positive bacteria.  

In the time-kill assay, the results presented in terms of 
the changes in the log10 cfu/ml of viable colonies showed 
that the antibacterial combinations exhibited a significant 
bactericidal activity. The bactericidal activity was defined 
as being equal to 3 log10 cfu/ml or greater reduction in the 
viable colony count relative to the initial inoculum 
(Scheetz et al., 2007). E. coli ATCC 25922, E. faecalis 
ATCC 29212, B. cereus ATCC 10702, E. cloacae ATCC 
13047 and M. luteus were completely annihilated by the 
combination of kanamycin and metronidazole at ½ MICs. 
In addition to these bacteria, K. pneumoniae (ATCC 
10031) and A. calcaoceuticus UP were totally killed by 
the combined activity of both antibiotics at the MICs 
within 24 h of incubation. S. flexneri KZN, E. faecalis KZN 
and Staphylococcus aureus OK2b were not totally 
inhibited at the combined MICs, despite the degree of the 
observed synergism because each of these isolates 
exhibited a very high level of resistance to either or both 
antibiotics. Average log reduction in viable cell count in 
time-kill assay for K. pneumoniae ATCC 10031, A. 
calcaoceuticus UP, S. flexneri KZN, E. faecalis KZN and 
Staphylococcus aureus OK2b, not totally eliminated, 
however, ranged between 3.4472 Log10 to 5.7782 Log10 
cfu/ml after 24 h of interacting the bacteria with the 
combined antibiotics at the ½ MIC and MIC values (Table 
3). A post-antibiotic treatment bioassay done after 48 h 
showed that all isolates not totally inhibited within 24 h 
incubation period had an increase in cfu/ml. 
 
 
DISCUSSION 
 
Due to the frequent development of resistance during 
monotherapy treatment of infected patients, multiple 
combinations of antibacterial agents are being proposed 
(Campbell et al., 1996; El Solh and Alhajhusain, 2009). 
This is to effectively  treat  mixed  and  severe  infections,  
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Table 1. Zones of inhibition produced by each antibiotic and their combinations at different concentrations. 
 

Zone of inhibition 

Kanamycin alone (± 1.0 mm)   Metronidazole (± 1.0 mm)  Kan-Met combinations (± 1.0 mm)  

250 125 62.5  250 125 62.5 250/250 125/125 62.5/62.5 

(µg/ml)    (µg/ml)   (µg/ml)   

Escherichia coli ATCC 25922 25 20 18  0 0 0 29 26 20 

Enterococcus faecalis ATCC 29212 26 24 21  16 0 0 27 24 21 

Bacillus cereus ATCC 10702 27 24 22  0 0 0 29 25 23 

Enterobacter cloacae ATCC 13047 22 20 19  0 0 0 25 22 20 

Klebsiella pneumoniae ATCC 10031 28 25 21  13 0 0 29 27 22 

Acinetobacter calcaoceuticus UP 0 0 0  14 0 0 26 24 20 

Shigella flexneri KZN 28 25 23  0 0 0 28 26 22 

Micrococcus luteus 24 21 20  0 0 0 28 25 21 

Enterococcus faecalis KZN 0 0 0  20 19 14 31 28 23 

Staphylococcus aureus OK2b 28 24 22  0 0 0 26 24 20 
 
 
 

Table 2. Fractional inhibitory concentration values for the antibiotics alone and their combinations against resistant bacterial isolates. 
 

Tested bacteria 
Minimum inhibitory concentration (µg/ml)  Fractional inhibitory concentration index 

Kanamycin Metronidazole KAN-MET  FICI Kan FICI Met FICI Remarks  

Escherichia coli ATCC 25922 125 31.25 15.63/7.81  0.13 0.25 0.38 Synergistic 

Enterococcus faecalis ATCC 29212 125 31.25 15.63/7.81  0.13 0.25 0.38 Synergistic 

Bacillus cereus ATCC 10702 125 31.25 7.81/7.81  0.06 0.25 0.31 Synergistic 

Enterobacter cloacae ATCC 13047 62.5 31.25 15.63/15.63  0.25 0.5 0.75 Additive 

Klebsiella pneumoniae ATCC 10031 31.25 31.25 7.81/7.81  0.25 0.25 0.5 Synergistic 

Acinetobacter calcaoceuticus UP > 250 15.63 7.81/7.81  0.03 0.5 0.53 Additive 

Shigella flexneri KZN 15.63 62.25 15.63/15.63  1.0 0.25 1.25 Indifference 

Micrococcus luteus 250 31.25 15.63/7.81  0.06 0.25 0.31 Synergistic 

Enterococcus faecalis KZN > 250 62.5 15.63/15.63  0.06 0.25 0.31 Synergistic 

Staphylococcus aureus OK2b 62.5 125 15.63/15.63  0.25 0.125 0.38 Synergistic 
 
 
 

enhance antibacterial activity, reduce the time 
needed for long-term antimicrobial therapy and 
prevent the emergence of resistant micro-
organisms (Hugo, 1993; Levinson and Jawetz, 
2002). Combining existing antimicrobial agents 
can improve  delivery  of  safe  and  cost  effective  

patient care in an era where research into 
discovery of new agents is limited and expensive. 
In this study, examination of synergy by the 
checkerboard method demonstrated synergy 
between kanamycin and metronidazole for the 
majority of the strains while  antagonism  was  not  

observed. This is in agreement with previous 
reports on interaction between aminoglycosides 
and other antibacterial agents (Tessier and 
Quentin, 1997; Hayami et al., 1999). Their combi-
nation in chemotherapy could decrease resistance 
development, broaden antibacterial spectrum  and  
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Table 3. In vitro time-kill activity of Kanamycin – Metronidazole combinations at ½ X MIC and MIC against test bacteria. 
 

Tested bacteria 

Reduction in bacterial counts (Log10CFU/ml) for the combined antibiotics 

½ × MIC  MIC 

0 h 24 h 48 h  0 h 24 h 48 h 

Escherichia coli ATCC 25922 7.18 0 0  6.90 0 0 

Enterococcus faecalis ATCC 29212 8.90 0 0  8.91 0 0 

Bacillus cereus ATCC 10702 7.62 0 0  7.26 0 0 

Enterobacter cloacae ATCC 13047 12.15 0 0  12.38 0 0 

Klebsiella pneumoniae ATCC 10031 11.51 5.78 5.97  11.61 0 0 

Acinetobacter calcaoceuticus UP 12.70 3.45 3.94  12.81 0 0 

Shigella flexneri KZN 12.43 3.92 4.32  12.51 3.86 3.96 

Micrococcus luteus 11.93 0 0  11.99 0 0 

Enterococcus faecalis KZN 10.42 4.11 4.54  11.15 3.90 4.28 

Staphylococcus aureus OK2b 9.38 5.13 5.27  9.66 3.94 4.08 
 
 
 

encourage synergistic antibacterial activity (den 
Hollander and Mouton, 2007). As determined by 
Eliopoulos and Moellering (1996), antibiotic combinations 
that reduced the original inoculums by ≥ 2 log10 cfu/ml 
were considered synergy while antagonsism is a < 2 log10 
change in cfu/ml when compared with the activity of the 
individual antibiotic after 24 h incubation period. The 
time-kill assay confirmed the synergy between kanamycin 
and metronidazole as indicated by the checherboard 
assay. These synergy that resulted in enhance antibac-
terial effects from antibiotics having different mechanisms 
of action could have resulted from the formation of a 
complex compound with enhanced antibacterial activity. 
Since kanamycin prevents bacteria from synthesizing 
proteins by binding to 16S rRNA of 30S subunit and 
metronidazole is reduced to cytotoxic polar compounds 
able to cause DNA strand breakage, DNA helix and 
nucleic acid destabilization in bacteria (Tocher and 
Edwards, 1992; 1994), the activity of the antibacterial 
combination could be complementary and resulted in the 
rapid death of bacterial colonies. This could be a means 
of achieving effective therapy at a reduced cost coupled 
with a drastic reduction or lost of vestibular and auditory 
toxicity often associated with the aminoglycosides. While 
the lack of antagonism between the antibiotics suggested 
that kanamycin or metronidazole may be effective in 
monotheryapy and combination therapy, the resultant 
synergy will reduce the dose of each drug in the 
combination and prevents the development of bacterial 
resistance (Barriere, 1992; Wu et al., 1999). 

Although bactericidal drugs prevent the emergence of 
resistant mutants by killing the microorganism (Stratton, 
2003) while synergy and bactericidal therapy could be 
achieved as long as the organism does not exhibit high-
level resistance to aminoglycoside (Arias and Murray, 
2008), it is evident that highly resistant bacteria with MIC 
ranging between 15.625 and >250 µg/ml for kanamycin 
were killed by its combination with metronidazole to 
which the MICs were  between 15.625 and 125 µg/ml  for  

the different isolates. However, while Mouton et al. (1997) 
and Jumbe et al. (2003) have conceptualized a microbial 
population as consisting of two distinct subpopulations 
with different susceptibility, the regrowth of S. flexneri 
KZN, E. faecalis KZN and Staphylococcus aureus OK2b 
could be attributed to the preferential killing of the sus-
ceptible subpopulations allowing the selective increase of 
the resistant subpopulation of each of these resistant 
strains after 48 h incubation. Further treatment or subse-
quent doses of the antibacterial combinations would be 
sufficient to eliminate the resistant subpopulation.  
 
 

Conclusion 
 
In clinical settings, this study emphasizes the potential 
beneficial value of combining kanamycin and 
metronidazole for treating seriously ill patients with 
infections caused by the pathogens tested, especially in 
the absence of other therapeutic options. Future studies 
in in vivo infection models would provide a better 
understanding of the therapeutic potential and safety of 
kanamycin-metronidazole combinations. 
 
 
REFERENCES 
 
Ahmad I, Aqil F (2009). New strategies combating bacterial infections. 

Wiley-Blackwell, Weinheim Germany. Vol. 1, pp. 304.  
Allen GP, Cha R, Rybak MJ (2002). In vitro activities of Quinupristin-

Dalfopristin and Cefepime, alone and in combination with various 
antimicrobials, against multidrug resistant Staphylococci and 
Enterococci in an in vitro pharmacodynamic model. Antimicrob. 
Agents Chemother. 46(8):2606-2612. 

Arias CA, Murray BE (2008). Emergence and management of drug-
resistant enterococcal infections. Expert. Rev. Anti-Infect. Ther. 
6:637-655. 

Barriere SL (1992). Bacterial resistance to beta-lactams and its 
prevention with combination antimicrobial therapy. Pharmacotherapy 
12:397-402. 

Bauer AW, Kirby WM, Sherris JC, Truck M (1966). Antibiotic 
susceptibility testing by a standardized single disk method.  Am.  J. 
Clin. Pathol. 45:493-496. 



1108          Afr. J. Pharm. Pharmacol. 
 
 
 
Bevan CD, Ridgway GL, Rothermel CD (2003). Efficacy and safety of 

azithromycin as monotherapy or combined with metronidazole 
compared with two standard multidrug regimens for the treatment of 
acute pelvic inflammatory disease. J. Int. Med. Res. 31(1):45-54. 

Boucher HW, Talbot GH, Bradley JS, Edwards JE, Gilbert D, Rice LB, 
Scheld M, Spellberg B, Bartlett J (2009). Bad bugs, no drugs: no 
ESKAPE! An update from the Infectious Diseases Society of 
America. Clin. Infect. Dis. 48(1):1-12. 

BSAC, British Society of Antimicrobial Chemotherapy (2002). Disc 
diffusion method for antimicrobial susceptibility testing. Br. Soc. 
Antimicrob. Chemother. 2:1-46. 

Burgess DS, Hastings RW (2000). Activity of piperacillin/tazobactam in 
combination with amikacin, ciprofloxacin and travofloxacin against 
Pseudomonas aeruginosa by time-kill. Diagn. Microbiol. Infect. Dis. 
38:37-41. 

Campbell GD Jr, Niederman MS, Broughton WA, Craven DE, Fein AM, 
Flink MP, Gleeson K, Hornick DB, Lynch JP, Mandell LA, Mason CM, 
Torres A, Wunderink RG (1996). Hospital-acquired pneumonia in 
adults: Diagnosis, assessment of severity, initial antimicrobial therapy 
and preventative strategies: A consensus statement. Am. J. Respir. 
Crit. Care Med. 153(5):1711-1725. 

Cheesbrough M (2002). District Laboratory Practice in Tropical 
countries. Part 2. Edinburgh building, Cambridge CBZ ZRU, UK: 
Cambridge University Press; pp. 64-68, 136-142. 

CLSI Clinical and laboratory standards institute (2006). Performance 
standards for antimicrobial disk susceptibility tests. CLSI Document 
M2-A9 9th edition. Wayne, PA, USA. 

CLSI Clinical and Laboratory Standard Institute (2008). Performance 
standards for Antimicrobial Susceptibility Testing Eighteenth 
informational supplement. M100-S18. 28(1):46-52. 

Cottagnoud P, Cottagnoud M, Ta¨uber MG (2003). Vancomycin acts 
synergistically with gentamicin against penicillin-resistant 
pneumococci by increasing the intracellular penetration of 
gentamicin. Antimicrob. Agents Chemother. 47:144–147. 

Cruishank R, Duguid JP, Marmion BP, Swain RHA (1975). Medical 
Microbiology, 12

th
 ed. Churchill Livingstone, London. 

Davies J (1994). Inactivation of antibiotics and the dissemination of 
resistance genes. Science 264(5157):375-382. 

den Hollander J, Mouton J (2007). The predictive value of laboratory 
tests for efficacy of antibiotic combination therapy. p. 103–127. In 
Nightingale C, Ambrose P, Drusano G, Murakawa T. (ed.), 
Antimicrobial pharmacodynamics in theory and clinical practice, 2nd 
ed. Informa Healthcare, New York, NY. 

El Solh AA, Alhajhusain A (2009). Update on the treatment of 
Pseudomonas aeruginosa pneumonia. J. Antimicrob. Chemother. 

64:229-238. 
Eliopoulos GM, Eliopoulos CT (1988). Antibiotic combinations: should 

they be tested? Clin. Microbiol. Rev. 1:139–56. 
Eliopoulos GM, Moellering RC (1996). Antimicrobial combinations, In V. 

Lorain [ed.], Antibiotics in laboratory Medicine, 4
th
 ed. The Williams & 

Wilkins Co., Baltimore, Md. pp. 330-396. 
EUCAST, European Committee on Antimicrobial Susceptibility Testing, 

(2012). EUCAST disk diffusion method for antimicrobial susceptibility 
testing, Version 2.1. pp. 1-17. . 

Giertsen E, Scheie AA, Rolla G (1988). Inhibition of plaque formation 
and plaque acidogenicity by zinc and chlorhexidine combinations. 
Scandinavian J. Dental Res. 96:541–50. 

Grytten J, Scheie AA, Giertsen E (1988). Synergistic antibacterial 
effects of copper and hexetidine against Streptococcus 
sobrinus and Streptococcus sanguis. Acta Odontologica Scand. 
46:181–183. 

Gums JG (2002). Assessing the impact of antimicrobial resistance. Am. 
J. Health Syst. Pharm. 59(8Suppl. 3):S4-6. 

Hayami H, Goto T, Kawahara M, Ohi Y (1999). Activities of b-lactams, 
fluoroquinolones,  amikacin, and fosfomycin alone and in combination 
against Pseudomonas aeruginosa isolated from complicated urinary 
tract infections. J. Infect. Chemother. 5:130–138. 

Hugo WB, Russel AD (1993). Pharmaceutical Microbiology. Blackwell 
Scientific Publication, New York. 

Isenberg HD (1992). Synergism testing. Broth microdilution 
checkerboard and broth macrodilution methods. In: Hindler J (ed.), 
Microbiology. ASM Clinical Microbiology procedures handbook. ASM,  

 
 
 
 

Washington DC. 
Jumbe N, Louie A, Leary R, Liu W, Deziel MR, Tam VH, Bachhawat R, 

Freeman C, Kahn JB, Bush K, Dudley MN, Miller MH, Drusano GL 
(2003). Application of a mathematical model to prevent in vivo 
amplification of antibiotic resistant bacterial populations during 
therapy. J. Clin. Investig. 112(2):275-85. 

Kamatou GPP, Viljoen AM, van Vuuren SF, van Zyl RL (2006). In vitro 
evidence of antimicrobial synergy between Salvia chamelaeagnea 
and Leonotis leonurus. South Afr. J. Bot. 72:634-636. 

Kelesidis T, Karageorgopoulos DE, Kelesidis I, Falagas ME (2008). 
Tigecycline for the treatment of multidrug-resistant 
Enterobacteriaceae: a systematic review of the evidence from 

microbiological and clinical studies. J. Antimicrob. Chemother. 
62:895-904. 

Khosravi A, Behzadi A (2006). Evaluation of the antibacterial activity of 
the seed hll of Quercus barantii on some gram-negative bacteria. 
Pak. J. Med. Sci. 22:429-432. 

Levine A, Turner D (2011). Combined azithromycin and metronidazole 
therapy is effective in inducing remission in pediatric Crohn's disease. 
J. Crohn’s Colitis. 5(3):222-226. 

Levinson W, Jawetz E (2002). Medical microbiology and immunology: 
Examination and board review, 7th ed. Lange Medical 
Books/McGraw-Hill, New York. 

Mahady GB (2005). Medicinal plants for the prevention and treatment of 
bacterial infections. Curr. Pharm. Des. 11(19):2405-27. 

Mandal S, Mandal MD, Pal NK (2004). Evaluation of combination effect 
of ciprofloxacin and cefazolin against Salmonella enteric serovar 
typhi isolates by in vitro methods. Calicut Med. J. 2(2):e2. 

Mouton JW, Vinks AA, Punt NC (1997). Pharmacokinetic-
pharmacodynamic modeling of activity of ceftazidime during 
continuous and intermittent infusion. Antimicrob. Agents Chemother. 
41:733-738. 

National Committee for Clinical Laboratory Standards (1997). Methods 
for Antimicrobial Susceptibility Testing for Bacteria That Grow 
Aerobically – Third Edition: Approved Standard M7-A4. NCCLS, 
Villanova, PA. 

Pankuch GA, Jacobs MR, Appelbaum PC (1994). Study of comparative 
antipneumococcal activities of penicillin G, RP 59500, erythromycin, 
sparfloxacin, ciprofloxacin, and vancomycin by using time-kill 
methodology. Antimicrob. Agents Chemother. 38:2065-2072. 

Peters NK, Dixon DM, Holland SM, Fauci AS (2008). The research 
agenda of the National Institute of Allergy and Infectious Diseases for 
Antimicrobial Resistance. J. Infect. Dis. 197(8):1087-1093. 

Petersen PJ, Labthavikul P, Jones CH, Bradford PA (1976). In vitro 
antibacterial activities of tigecycline in combination with other 
antimicrobial agents determined by chequerboard and time-kill kinetic 
analysis. J. Antimicrob. Chemother. 57:573-576. 

Petrosillo N, Ioannidou E, Falagas ME (2008). Colistin monotherapy 
versus combination therapy: evidence from microbiological, animal 
and clinical studies. Clin. Microbiol. Infect. 14:816-827. 

Pulkkinen P, Saranen M, Kaaja R (1993). Metronidazole combined with 
nystatin (vagitories) in the prevention of bacterial vaginosis after initial 
treatment with oral metronidazole. Gynecol. Obstet. Invest. 
36(3):181-184. 

Richard S, Lynn SM, Avery CG (2007). Antimicrobial susceptibility 
testing protocols. CRC Press, Taylor and Francis Group, New York. 

Rojas JJ, Ochoa VJ, Ocampo SA, Munoz JF (2006). Screening for 
antimicrobial activity of ten medicinal plants used in Colombian 
folkloric medicine: A possible alternative in the treatment of non-
nosocomial infections. BMC Complement. Altern. Med. 6:2. 

Rybak MJ, McGrath BJ (1996). Combination antimicrobial therapy for 
bacterial infections: guidelines for the clinician. Drugs 52:390-405. 

Sanchez S, Garcia PJ, Thomas KK, Catlin M, Holmes KK (2004). 
Intravaginal metronidazole gel versus metronidazole plus nystatin 
ovules for bacterial vaginosis: A randomized controlled trial. Am. J. 
Obstet. Gynecol. 191(6):1898-1906. 

Scheetz MH, Qi C, Warren JR, Postelnick MJ, Zembower T, Obias A, 
Noskin GA (2007). In vitro activities of various antimicrobials alone 
and in combination with tigecycline against carbapenem intermediate 
or -resistant Acinetobacter baumannii. Antimicrob. Agents 

Chemother. 51:1621-1626. 
Schwebke JR, Desmond RA (2007). A randomized trial of the duration  



 
 
 
 

of therapy with metronidazole plus or minus azithromycin for 
treatment of symptomatic bacterial vaginosis. Clin. Infect. Dis. 44(2): 
213-219. 

Service RF (1995). Antibiotics that resist resistance. Science 
270(5237):724-727. 

Song W, Woo HJ, Kim JS, Lee KM (2003). In vitro activity of 

betalactams in combination with other antimicrobial agents against 
resistant strains of Pseudomonas aeruginosa. Int. J. Antimicrob. 
Agents 1:8-12. 

Stratton CW (2003). Dead bugs don’t mutate: susceptibility issues in 
theemergence of bacterial resistance. Emerg. Infect. Dis. 9:10-16. 

Tessier F, Quentin C (1997). In vitro activity of fosfomycin combined 
with ceftazidime, imipenem, amikacin, and ciprofloxacin against 
Pseudomonas aeruginosa. Eur. J. Clin. Microbiol. Infect. Dis. 16:159–
162. 

Tocher JH, Edwards DI (1994). Evidence for the direct interaction of 
reduced metronidazole derivatives with DNA bases. Biochem. 
Pharmacol. 48:1089. 

Tocher JH, Edwards DI (1992). The interaction of reduced 
metronidazole with DNA bases and nucleosides. Int. J. Radiat. Oncol. 
Biol. Phys. 22: 661. 

Walsh TR, Howe RA (2002). The prevalence and mechanisms of 
vancomycin resistance in Staphylococcus aureus. Ann. Rev. 
Microbiol. 56:657-675. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Olajuyigbe and Afolayan          1109 
 
 
 
Winkel EG, Van Winkelhoff AJ, Timmerman MF, Van der Velden U, Van 

der Weijden GA (2001). Amoxicillin plus metronidazole in the 
treatment of adult periodontitis patients. A double-blind placebo-
controlled study. J. Clin. Periodontol. 28(4):296-305. 

Wu YL, Scott EM, Po ALW, Tariq VN (1999). Ability of azlocillin and 
tobramycin in combination to delay or prevent resistance 
development in Pseudomonas aeruginosa. J. Antimicrob. Chemother. 
44:389-392. 

Yek EC, Cintan S, Topcuoglu N, Kulekci G, Issever H, Kantarci A 
(2010). Efficacy of amoxicillin and metronidazole combination for the 
management of generalized aggressive periodontitis. J. Periodontol. 
81(7):964-974. 

Ymele-Leki P, Cao S, Sharp J, Lambert KG, McAdam AJ, Husson RN, 
Tamayo G, Clardy J, Watnick PI (2012). A high-throughput screen 
identifies a new natural product with broad-spectrum antibacterial 
activity. PLoS One 7(2):e31307. 

Zy EA, Area A, Aam K (2005). Antimicrobial activity of some medicinal 
plant extracts in Palestine. Pak. J. Med. Sci. 21:187-193. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


