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Abstract: A study was designed to evaluate some antibiotic dual combinations against Escherichia coli in situ. The 11 subtypes of E. coli with multiple drug
resistance were isolated from sewage water. The in situ trial with some dual antibiotic combination against isolated E. coli was conducted, their minimum
inhibitory concentration (MIC) determined and time kill studies were performed. A synergistic effect was obtained by chloramphenicol and gentamycin
combination. Ampicillin combination with ciprofloxacin (FIC index 0.625) or tetracycline (FIC index 0.5) or gentamycin (FIC index 0.75) was synergistic
and antagonistic with chloramphenicol (FIC index 1.5). Similar results in the form of cfu drop were obtained in time kill study.
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Introduction

Escherichia coliis a common intestinal microflora of humans
and animals. Most strains of E. coli serve as an avirulent commensal
in the large bowel of mammals. It is also an important pathogen
which can cause a variety of diseases including diarrhea, urinary
tract infections, bacteraemia, pneumonia and meningitis (Levine,
1984). The diseases caused by E. coli are severe and require
antibiotic therapy for treatment. The increased and indiscriminate
use of antibiotics, especially third and fourth generation
cephalosporins and poor patient compliance has led to the
development of bacterial resistant strains. From the past three
decades the bacterial resistance to f-lactam based antibiotics are
on the steep hike due to production of plasmid mediated extended
spectrum beta lactamase (ESBL). Antibiotic resistance is frequently
observed in Enterobacteriaceae and has worldwide occurrence
(Forssten etal., 2010). Some bacterial strains have become resistant
to all the know drugs (Lister, 2006). The problem of wide scale
resistance of bacteria against antibiotics is severe and need to be
checked by employing effective measures. As a preventive measure
the combined use of two or more antibiotics could be employed for
killing multiple drug resistant bacteria. Treatment with more than one
drug simultaneously can lower the survival rate of bacteria against
resistance stemming from the occurrence of fortuitous mutations. Itis
in this backdrop a study was designed with an objective to test the
efficacy of some antibiotic dual combinations against E. coll.

Materials and Methods

Collection of bacterial isolates : A study was carried out at
Department of Microbiology, S.B.S. (PG) Institute, Dehradun, India.
The sample for the study was collected from sewage water from a

nearby locality. The bacterial types were isolated and characterized
morphologically, physiologically, biochemically and tested for
antibiotic sensitivity against nine antibiotics.

Identification of E. coli isolates: Sewage water samples were
analyzed as per the standard method for total and fecal coliform
counts on eosin methylene blue (EMB) agar plates and incubated
at 37 °Cfor 24 h. The colonies with blue-green color and metallic-
sheen on EMB agar plates were selected and purified by re-
streaking on EMB plates. Plates were incubated at 37 °C for 24 h
and stored for further use. Isolates were Gram stained according
to standard methods and Gram-negative isolates were subjected
to biochemical identification. Escherichia coliMTCC 443 was used
as a positive control in the experiment.

Antibiotics: Nine antibiotics, namely, ampicillin, amikacin,
cephaloridine, doxycycline, colistin, carbenicillin, enrofloxacin,
streptomycin and tetracycline were used in sensitivity testing against
E. colibiovars. Whereas dual combinations of eight antibiotics namely,
ampicillin, chloramphenicol, ciprofloxacin, gentamycin, norfloxacin,
tetracyclin, and trimethoprim were tried in the MIC (mg L") study.
Antibiotic Sensitivity testing : Antibiotic sensitivity profiles of E.
coliisolates were studied against eight different antibiotics by Kirby-
Bauer disc diffusion test. Overnight grown E. coli culture was used
in the study. The antibiotic susceptibility of bacteria was tested in
Mueller-Hinton Agar (MHA). The bacteria were seeded on MHA
plates and eight different antibiotic discs of tetracycline (30 g disc™),
cephaloridine (30 pg disc), amikacin (10ug disc), streptomycin
(25pg disc), carbenicillin (100 g disc”), doxycycline (30 pg disc),
ampicillin (25 pg disc™), enrofloxacin (10 g disc™) and colistin (25
Mg disc?) were placed on the plates and incubated at 37° C for 24 h.
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The zones of inhibition were recorded and
results in terms of sensitivity or resistance were
interpreted. Escherichia coli MTCC 443 was
used as control in all assays. The biovars having
resistance to more than three different antibiotics
were designated multiple drug resistant.
Determination of minimum inhibitory
concentration (MIC): The MIC of eight
antibiotics, alone or in combination, was
determined against E. coliisolates by standard
broth micro-dilution method (Andrews, 2001).
Serial dilution of antibiotic drug or antibiotic drug
combinations was prepared. A series of broth
tubes containing antibiotic concentrations in the
range of 0.25 mg to 4 mg L™ (0.25, 0.5, 1, 2
and 4 mg L") were taken. The standard inocula
were prepared from incubated MHB (HiMedia)
by diluting it with sterile distilled water until the
turbidity matched a 0.5 McFarland standard.
The wells were inoculated with the diluted E.
coli suspension of ~10° cfu mL" strength. The
lowest concentration of drug on plate, which
restricted the bacterial growth of around the plate
wells incubated at 24 h at 37°C, designated its
MIC. Acheckerboard method was used to find
the synergy between two drugs (Fig. 1). Atotal
of 50 uL MHB was transferred to each well of
the micro-dilution plates. The first drug of the
combination was serially diluted along the
ordinate, while the second antibiotic was diluted
along the abscissa. This checkerboard contains
each combination of five dilutions of two
antibiotics with combinations that contained
highest concentration of each antibiotic at
extreme opposite corners.

Time kill study: Time kill study was performed
to test the efficacy of eight antibiotics, namely
amoxicillin, ampicillin, chloramphenicol,
ciprofloxacin, gentamycin, norfloxacin and
tetracyclin on bacterial survival (Pankuch et al.,
1994). A log phase culture was adjusted to
approximately 6 log,  cfu mL™" in Mueller-Hinton
broth (HiMedia), which contained either one
antibiotic or combination of two antibiotics with
no antibiotic as control. Five mL cultures in glass
tubes were incubated in a shaking water bath
at 37°C for up to 24 h and viable bacteria were
counted after 24 h. After vortexing a 0.5 mL
sample was removed from the cultures and
serial ten-fold dilutions were made in cold
phosphate-buffered saline. Bacterial viability
was measured by pour plating 0.5 mL of the
appropriate dilution in nutrient agar in triplicate
and incubating plates for 24 h at 37°C. Bacterial

Efficacy trial of antibiotic combinations against Escherichia coli

counts were expressed as the mean of three plates. The difference between plate
counts was always less than 10%.

Results and Discussion
Identification of E. coli isolates: Of the 121 samples isolated from sewage water of
various sites in Dehradun (Table 1), eleven biovars of E. coli were identified using
biochemical tests. The isolates were named BL3, BL5, BL6, BL11, BL15, BL16, BL21,
BL25, BL32, BL35 and BL39, respectively, as per the location name “Balawala” of the
isolates.
Antimicrobial drug sensitivity testing: All the eleven isolates were resistant to at
least two antibiotics (Table 2). Biovar E. coli BL5 was resistant to maximum (six)
antibiotics whereas BL16 to only two. Five E. coliisolates (BL3, BL15, BL21, BL32
and BL39) were resistant to five antibiotics. Astudy conducted on urinary tract infection
(UTI) patients revealed that there is a high ampicillin resistance rate (55.4%) followed
by gentamicin (45.1%), amikacin (41.4%) and co-trimoxazole (30.5%) (Anandkumar
etal., 2003). In our study E. coliisolates had highest resistance to ampicillin (81.8%)
followed by tetracyclin (81.8%). Aamikacin found moderate resistance (54.5%)
whereas colistin had no resistance against E. coli. The evidence shows that the
proportion of Gram-negative organisms resistant to commonly used antibiotics is
increasing at an alarming rate. Our study demonstrates the similar feature of E. col,
which could be supported by the fact that plasmid bearing extended-spectrum -
lactamase (ESBL) and fosfomycin resistance have been discovered, which can
rapidly spread in Enterobacteriaceae (Zhao et al., 2015).
Determination of MIC : With single antibiotic test maximum antibiotic activity was
shown by ciprofloxacin, norfloxacin and trimethoprim (MIC 0.25 mg L, Table 3). In
combination, minimum doses of ciprofloxacin with trimethoprim, ciprofloxacin with
norfloxacin and trimethoprim with norfloxacin (MIC 0.125 + 0.125 mg L") showed
antibiotic effect whereas combination of amoxicillin with chloramphenicol (MIC 2 + 1 mg
L") and tetracycline with amoxicillin (MIC 1 +2 mg L") required highest dosage. The

Table-1: Morphological and biochemical characteristics of the E. coli biovars
Isolate number BL3 BL5 BL6 BL11 BL15 BL16 BL21 BL25 BL32 BL35 BL39

Morphology rods rods rods rods rods rods rods rods rods rods rods
Gram'sreaction - - - - - - - - - - -
Motility + 0+ o+ o+ 4 - - + + ¥ ¥
Acid production + + + + + + + + + + +
Catalase test + + + + + + + + + + +
H,Sproduction - - - - - - - - - - -
Indole test + + + + + + + + + + +
Methy! red test + + + + + + + + + + +
Oxidase - - - - - - - - - - -
Urea hydrolysis - - - - - - - - - - -
VP test - - - - - - - - - - -
Carbon source

Arabinose + 0+ o+ o+ 4 + + + + + +
Citrate - - - - - - - - R R R
Glucose + 0+ o+ o+ 4 + + + + + +
Glycerol + 0+ o+ o+ 4 + + + + + +
Inositol - - - - - - - - - - -
Mannitol + 0+ o+ o+ o+ + + + + + +
Melibiose + + + + + + + + + + +
Raffinose + o+ - + 4 + - - - -
Rhamnose + 0+ o+ o+ o+ + + + + +
Sorbitol + 0+ o+ o+ 4 + + + + +
Sucrose + o+ - + - + + -

Xylose + 0+ o+ o+ + + -
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Table-2: Sensitivity/resistance of E. coli biovars

Efficacy trial of antibiotic combinations against Escherichia coli

Table-3: The in situ activity of antibiotics against

Antibiotic BL3 BL5 BL6 BL11 BL15 BL16 BL21 BL25 BL32 BL35 BL39 E. collBL
Antibiotic MIC Change in

Ampicillin (A) (10 pg disc™) s r s r r r rr rr r Treatment (mgL")  log cfu mL"
Amikacin (AK) (10 ug disc™) rr s r r S S r r s r Control _ 300
Cephaloridine (30 pg disc™) s r s r s s r s s s s Amoxicillin 4.00 1.86
Doxycycline (30 ug disc™) r-r r s r s s r r r r Ampicillin 1.00 -1.75
Colistin (10 g disc) s s s S s s s S s s s Chloramphenicol ~ 2.00 -1.61
Carbenicillin (10 g disc™) r s r s r s r s s r s Ciprofloxacin 025 -2.52
Enrofoxacin (EX) (10pg disc) s r s s s s r s s s s Gentamycin 0.50 171
Streptomycin () (10pg disc’) r r r s s r s r r s r Norfloxagln 025 255

) - Tetracyclin 200 -1.85
Tetracycline (T) (10ug disc™) r-s r r r S r r r r r Trimethoprim 025 1.88
s = sensitive, r = resistant * Observation of 24 h (inoculum < 6 log cfu mL")
Table-4: The in situ activity of antibiotic combinations against E. coli BL5 have previously been reported (Abu-Basha et al., 2012).
Antibiotic MIC FIC FIC Inference  Changein The interaction of B-lactams and aminoglycosides has
combinations  (mg L") index A:B log cfu mL™ synergistic effect in situ (Cercenado et al., 1995; Nichols and
Chi+ Amo. 100042000 10 10 Indifference 178 Maki, 198.5). The cc.)mbination. o]‘ Iuoroguinqlone.with B-
Chl.+ Cip. 100040125 10 10 Indifference 208 lactam/amikacin provides synergistic antimicrobial activity and
Chl+ Trimetho.  1.000+0125 10 10 Indifference 180 could therefore reduce occurrence of ESBL-producing E.
Chl.+ Nor. 100040125 1.0 1.0 Indifference -2.09 colistrains (Drago et al., 2001). Aminoglycoside based drug,
Chl.+ Ampi. 1.000+1.000 15 05 Antagonist -1.72 gentamicin, causes bacterial mMRNA misreading by binding
Chl.+ Genta. 0500+0.250 075 0.5 Synergistic -1.68 with 30S ribosomal subunit (Knowles et al., 2002). Similar
Cip.+ Amo. 0125+2000 10 10 Indfference ~ -2.24 effect was observed in current study where the effect of
g:g: T'\T(r;etho. 8122 I 8132 1 8 1 8 :2::22:222: gf_j ampicillin combination with gentamicin was synergistic against
Cip.+ Tet. 0.125+1.000 1.0 1.0 Indifference -2.24 ’ ) -
Cip.+ Genta. 0125+0250 10 10 Indifference 215 (Mellado et al., 1991). Chloramphenicol binds with 50S
Trimetho+Amo.  0.425+2.000 10 1.0 Indifference 1.87 ribosomal subunit to cause bacterial mMRNA misreading
Trimetho.+Nor.  0.125+0.125 1.0 1.0 Indifference 227 (Wilson, 2014). In our observation similar results were found
Trimetho.+Ampi.  0.125+0.500 1.0 1.0 Indifference -1.84 where combined MIC of ampicillin and chloramphenicol
Trimetho.+Tet. ~ 0.125+1.000 1.0 1.0 Indifference -1.87 showed antagonism against E. coli BL5. Ampicillin and
Trimetho.+ Genta. 0.125+0.250 10 1.0 Indifference ~ -1.83 ciprofloxacin have been reported to show synergistic
mg:: :mgl 8122:@88 18 18 :zg:g:zggz gfg antibacterial effect against strains of E. coli (Nworu and
Nor.+ Tt 012541000 10 10 Indifforence 295 Esimone, 2007). Similar qbservatlon has been reportedlln
Nor + Genta. 0425+0250 10 10 Indifference 216 the current. study. Synergllsm has allso been repoﬁed wlth
Ampi.+ Amo. 050042000 10 10 Indifference 183 the combinations of clindamycin/erythromycin with
Ampi.+ Tet. 0250+0500 05 1.0 Synergistic 1.82 gentamicin/colimycin against Gram negative bacteria and
Ampi.+ Genta.  0.250+0.250 075 05 Synergistic 1.74 hence their combinations can be used in lower doses (Leng
Tet.+Amo. 1.000+2.000 1.0 1.0 Indifference -1.86 et al., 1975). One report shows antagonism due to
Tet.+ Chl. 1.000+1.000 1.0 1.0 Indifference -1.78 combination of gentamicin with chloramphenicol in situ
Tet.+ Genta. 1000+0.250 1.0 1.0 Indfference -1 (Klastersky and Husson, 1977). A contrasting report shows
Genta.+ Amo. 0.250+2.000 1.0 1.0 Indifference -1.82

Amo. —amoxicillin, Ampi. —ampicillin, Chl. — chloramphenicol, Cip.- ciprofloxacin,
Genta. —gentamycin, Nor. — norfloxacin, Tetra. —tetracyclin, Trimetho. — trimethoprim
* Observation of 24 h (inoculum < 6 log cfu mL")

combination of chloramphenicol with gentamicin (MIC 0.5+ 0.25 mg L),
ampicillin with ciprofloxacin (MIC 0.125 +0.125 mg L"), ampicillin with
tetracycline (MIC 0.25 + 0.5 mg L") and ampicillin with gentamycin (MIC
0.25+0.25 mg L") was synergistic against E. coli BL5 (Table 4).

As per the common belief the synergism results due to bactericidal
drug combination and antagonism due to bacteriostatic drugs (Abu-Basha
etal., 2012). Synergism can also occur due to bacteriostatic-bacteriostatic
or bactericidal-bactericidal drug combinations; synergistic interactions
between the bactericidal penicillin/cephalothin and bacteriostatic tetracycline

synergism due to gentamicin with chloramphenicol against

4.000
= 2000
o0
)
2 1000
w0500
2 0250
= .
R 0125
0.125 0250 0500 1.000 2000 4000

DR UG - B(mgL?)
Fig. 1: The checkerboard method showing synergy of two drugs
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Haemophilus influenzae (Dabernat et al., 1979). In our study,
combination of gentamicin with chloramphenicol yielded synergistic
effect. Antimicrobial combinations can provide broad spectrum
empirical coverage in the treatment of E. coli borne infections.
Neomycin can be combined with ampicillin, penicillin, gramicidin,
bacitracin, polymixin-B and erythromycin for effective expulsion of
coliform infections (Grzybowska et al., 2003).
Time kill studies: Synergistic, antagonistic and indifference activities
were demonstrated with 28 combinations of eight antibiotics.
Bactericidal activity was achieved against E. coli by all the tested
antibiotic combinations (Table 4). Table summarises the results of
time kil studies of different antibiotic combinations for E. coli BL5.
Both ciprofloxacin and independently alone showed good
bactericidal activity (> 2 log,, decrease in cfu mL" at 24 h). The
combination of chloramphenicol with ampicillin was antagonistic to
E. coliBL5 with >1log,  cfu mL" difference, whereas combination of
chloramphenicol with gentamicin, ampicillin with tetracycline and
ampicillin with gentamycin was found synergistic with > 1.5log, mL-
'cfu difference. All the combinations of ciprofloxacin or norfloxacin had
>2log,, cfudifference. Ciprofloxacin in combination with norfloxacin
had second largest cfu drop of 2.55 log,, (largest drop was with
norfloxacin treatment, Table 3) but synergy can not be demonstrated.

The in situ results showed that ampicillin provide synergistic
effect with ciprofloxacin, tetracycline and gentamycin combinations.
The combination of two antibiotics provide extended spectrum
coverage against infections by producing a greater antibacterial
effect. Sometimes combinations of two low potent antibiotics could be
equally effective as one higher potent antibiotic. Although the risk
associated with multiple drug usage in patients could not be denied,
but the lower doses of toxic drugs can reduce concentration related
risk (Leng et al., 1975). The antibiotic combination therapy can help
patients with more than one infection types. The authenticity of results
need to be checked ex-situ.

Acknowledgment

The authors are thankful to Department of Microbiology,
Division of Life Sciences, S.B.S. (PG) Institute of Biomedical Sciences
& Research, Balawala and Dehradun for granting permission to
carry out the research. None of the collaborating authors have any
commercial or other association that might pose a conflict of interest.

References

Abu-Basha, E.A., Gharaibeh, S M. and Thabet, A.M.: In vitro susceptibility
of resistant Escherichia coli field isolates to antimicrobial combinations.
J. Appl. Poult. Res., 21: 595-602 (2012).

Anandkumar, H., Kapur, |. and Dayanand, A.: Increasing prevalence of
antibiotic resistance and multi-drug resistance among uropathogens
J. Comm. Dis., 35: 102-108 (2003).

Andrews, J. M.: Determination of minimum inhibitory concentrations. J.
Antimicrob. Chemoth., 48: 5-16 (2001).

Efficacy trial of antibiotic combinations against Escherichia coli

Cercenado, E., Diaz, M.D., Sanchez-Carrillo, C., Vicente, T. and de Quirés,
J.C.B.: Enhanced activity of the combination of penicillin G and
gentamicin against penicillin-resistant viridans group streptococci.
Antimicrob. Agents Chemother., 39: 2816-2818 (1995).

Dabernat, H.J., Delmas, C., Bauriaud, R. and Lareng, M.B.: Bactericidal
activity of ampicillin, chloramphenicol and gentamicin, alone or in
combinations against susceptible and resistant “Haemophilus
influenzae” (author’s transl). Ann.Microbiol., 130: 469-479 (1979).

Drago, L., De Vecchi, E., Mombelli, B., Nicola, L., Valli, M. and Gismondo,
M. R.: Activity of levofloxacin and ciprofloxacin against urinary
pathogens. J. Antimicrob. Chemother., 48: 37-45 (2001).

Forssten, S.D., Kolho, E., Lauhio, A., Lehtola, L., Mero, S., Oksaharju, A.,
Jalava, J., Tarkka, E., Vaara, M. and Vuopio-Varkila, J.: Emergence
of extended-spectrum beta-lactamase-producing Escherichia coli and
Klebsiella pneumoniae during the years 2000 and 2004 in Helsinki,
Finland. Clinin. Microbiol. Infec., 16: 1158-1161 (2010).

Grzybowska, W., Banaszczyk-Ruce, M. and Tyski, S.: Interaction of
aminoglycosides and the other antibiotic on selected bacterial strains.
Med. Dos. Mikrobiol., 56: 275-285 (2003).

Klastersky, J. and Husson, M.: Bactericidal activity of the combinations of
gentamicin with clindamycin or chloramphenicol against species of
Escherichia coli and Bacteroides fragilis. Antimicrob. Agents
Chemother., 12: 135-138 (1977).

Knowles, D.J., Foloppe, N., Matassova, N.B. and Murchie, A.l.: The
bacterial ribosome, a promising focus for structure-based drug design.
Curr. Opin. Pharmacol., 2: 501-506 (2002).

Leng, B., Meyers, B.R., Hirschman, S.Z. and Keusch, G.T.: Susceptibilities
of gram-negative bacteria to combinations of antimicrobial agents in
vitro. Antimicrob. Agents Chemother., 8: 164-171 (1975).

Levine, M.M.: Escherichia coli infections. In: Germanier, R. (Ed.) Bacterial
Vaccines. Academic Press, London, pp. 187-235 (1984).

Lister, P.D.: The role of pharmacodynamic research in the assessment and
development of new antibacterial drugs. Biochem. Pharmacol., 71:
1057-1065 (2006).

Mellado, M.C., Rodriguez-Contreras, R., Mariscal, A., Luna, J.D.,
Rodriguez, M.D. and Galvez-Vargas, R.: Effect of penicillin and
chloramphenicol on the growth and endotoxin release by N.
meningitidis. Epidemiol. Infect., 106: 283-288 (1991).

Nichols, L. and Maki, D.G.: The emergence of resistance to beta-lactam
antibiotics during treatment of Pseudomonas aeruginosa lower
respiratory tract infections: ils combination therapy the solution?
Chemioterapia, 4: 102-109 (1985).

Nworu, C.S. and Esimone, C.0.: Comparative evaluation of three in vitro
techniques in the interaction of ampicillin and ciprofloxacin against
Staphylococcus aureus and Escherichia coli. Trop. J. Pharm. Res.,
5: 605-611 (2007).

Pankuch, G.A., Jacobs, M.R., and Appelbaum, P.C.: 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. (1994).

Wilson, D.N.: Ribosome-targeting antibiotics and mechanisms of bacterial
resistance. Nat. Rev. Micro., 12: 35-48 (2014).

Zhao, J.Y,, Zhu, Y.Q., Li, Y.N., Mu, X.D., You, L.P,, Xu, C., Qin, P. and
Ma, J.L.: Coexistence of SFO-1 and NDM-1 beta-lactamase genes
and fosfomycin resistance gene fosA3 in an Escherichia coli clinical
isolate. FEMS Microbiol. Lett., 362: 1-7 (2015).

Research in Environment and Life Sciences @l September, 2016



