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Abstract
Background: combinations of drugs has been proposed as an alternative for oxacillin-resistant
staphylococci infections, however, limited information about in vitro combinations are available for
multi-resistant strains. The objective of this study was to describe the interaction of beta-lactams
in combination with vancomycin or amikacin against 26 oxacillin and amikacin-resistant nosocomial
Staphylococcus spp. isolates.

Methods: activity of dicloxacillin plus amikacin, cephalothin plus amikacin, cephalothin plus
vancomycin, imipenem plus vancomycin and vancomycin plus amikacin was evaluated by
checkerboard synergy tests and the fractional inhibitory concentration index (FIC) was calculated.
Results: dicloxacillin plus amikacin, and cephalothin plus amikacin were synergistic or partially
synergistic in 84.6% and 100% respectively. For nearly half of the isolates the mean concentrations
of dicloxacillin, cephalothin and amikacin at which FIC indexes were calculated were achievable
therapeutically. Vancomycin plus amikacin had synergistic effect only against two isolates, and
partially synergistic in 38.6%. For the combinations vancomycin plus cephalothin and vancomycin
plus imipenem the effect was additive in 76.9% and 80.7% respectively.

Conclusion: in this study the checkerboard analysis showed that amikacin in combination with
cephalothin or dicloxacillin was synergistic against most of the resistant strains of S. aureus and
coagulase-negative Staphylococcus. Vancomycin in combination with a beta-lactam (cephalothin or
imipenem) showed additivity. An indifferent effect predominated for the combination vancomycin
plus amikacin. Even though a synergistic effect is expected when using a beta-lactam plus amikacin
combination, it is possible that the effect cannot be clinically achievable. Careful selection of
antimicrobial combinations and initial MICs are mandatory for future evaluations.
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Background
Nosocomial staphylococcal infections are a health prob-
lem in different countries [1,2]. In the United States of
America there has been an increase in methicillin-resistant
Staphylococcus aureus (MRSA) nosocomial infections, from
2.1% to 35% in a 25-year period [3], with similar infor-
mation from other developed countries like Japan and
Canada [4,5]. In Mexico, antimicrobial resistance reports
about the frequency of MRSA and methicillin-resistant
(MR) coagulase-negative staphylococci (CoNS) are few,
with variable percentages between 20% and 60% [6-10].

Glycopeptides are considered the standard treatment for
infections due to MR Staphylococcus spp. strains, some
authors have expressed their concern about in vitro vanco-
mycin MICs and clinical outcomes in patients with MRSA
bacteremia [11], thus other available alternatives are
being considered (linezolid, tigecycline, daptomycin).

In Mexico, and other Latin American countries, vancomy-
cin was introduced in the early 90's and newer antibiotics
are expensive and available only in specialty hospitals.
Different antimicrobial combinations are prescribed regu-
larly; some of them include dicloxacillin or nafcillin plus
amikacin, cephalothin plus amikacin, and vancomycin
plus amikacin; however limited information about "in
vitro" or "in vivo" efficacy for these combinations is availa-
ble, particularly against nosocomial resistant isolates.

The objective of this study was to describe the interaction
of beta-lactams in combination with vancomycin or ami-
kacin against 26 oxacillin and amikacin-resistant nosoco-
mial Staphylococcus spp. isolates.

Methods
Bacteria
94 Staphylococcus isolates obtained from blood and sterile
fluids over a 7-month period from 2001 to 2003 were
stored at -70°C. The organisms were identified by conven-
tional methods (colonial morphology, Gram stain, and
catalase and coagulase tests). Species identification was
performed by using the API Staph system (Biomeriéux,
L'Etole, France). Antibiotic susceptibility was performed
with a broth microdilution method in accordance with
the CLSI [12]. The antimicrobials tested included dicloxa-
cillin (UPS-189009), cephalothin (Sigma Chemical Co,
St. Louis, Mo. USA), imipenem (Merck, Sharp and
Dohme, USA) amikacin (UPS-01950-8) and vancomycin
(UPS 70900-7). Oxacillin (UPS-48100-0) susceptibility
was performed by Mueller-Hinton broth supplemented
with 2% of NaCl. Resistance was corroborated by detect-
ing the mec A gene by PCR, by the method previously
described [13,14]. Reference type strains included for
quality control were: S. aureus ATCC # 29213 and S. aureus
# 43300. For the entire collection oxacillin resistance was

detected in 48.5% and 93.1% respectively for S. aureus
and CoNS.

Twenty six isolates, with resistance to oxacillin and inter-
mediate resistance or resistance to amikacin were selected
for the synergy tests. Strain identity was established by
pulsed-field gel electrophoresis (PFGE) [15], only single,
unrelated strains were included.

Synergy tests
The checkerboard technique was performed [16,17],
including the combinations: dicloxacillin/amikacin,
cephalothin/amikacin, cephalothin/vancomycin, imi-
penem/vancomycin and vancomycin/amikacin. Stock
solutions were prepared according to published standards
[12].

Synergy tests were performed in 96-well microtiter plate
containing two antimicrobial agents in two fold dilutions
dispensed in a checkerboard fashion on the day of the
assay. Each well contained 0.1 mL of individual antimi-
crobial combinations. Suspensions with turbidities equiv-
alent to that of a 0.5 McFarland standard were prepared to
yield a final inoculums of 3 × 105 to 5 × 105 CFU/mL.
MICs were read after overnight incubation at 35°C.
Growth and sterility controls were included in each plate.
Each isolate was tested twice.

Amikacin, dicloxacillin, and cephalothin concentrations
tested were from 0.125 to 1026 mg/L, and for vancomycin
from 0.06 to 8 mg/L.

Synergy tests interpretation
For the first clear well in each row of the microtiter plate
containing both antimicrobial agents, the fractional
inhibitory concentration (FIC) was calculated as follows:
FIC of drug A (FICA) = MIC of drug A in combination/MIC
of drug A alone, and the FIC of drug B (FICB) = MIC of
drug B in combination/MIC of drug B alone. If the MIC of
any agent alone occurred at the lowest or highest concen-
tration tested, the FIC was considered not determinable
and synergy could not be assessed. The suma of both FICs
in each well was used to classify the combination of anti-
microbial agents as synergistic effect when FIC indexes
were ≤ 0.5; partial synergy FIC >0.5 but < 1; additive FIC
= 1.0; indifferent effect when values were >1 and < 4 and
antagonistic when values were ≥ 4.0 [18].

Results and discussion
Resistance in vitro was 88.44% to dicloxacillin, 80.7% to
cephalothin, 69.23% to imipenem, and 100% to ami-
kacin (11.5% intermediate and 88.4% resistant) for the
26 isolates. All isolates were susceptible to vancomycin.
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Results of the checkerboard synergy testing are summa-
rized in table 1. For most of the isolates the combination
cephalothin plus amikacin or dicloxacillin plus amikacin
showed a FIC < 1. When initial MICs were compared with
those registered in the antimicrobial combination, a drop
up to 10–12 dilutions in the checkerboard assays was
found for beta-lactams. For nearly half of the isolates the
mean concentrations of dicloxacillin, cephalothin and
amikacin at which FIC indexes were calculated were
achievable therapeutically. Combinations that included
vancomycin and a beta-lactam had FICs ≥ 1 and 2.

According to the FIC (table 2), dicloxacillin with amikacin
showed synergistic activity against 34.6% and partially
synergistic activity in 50% of the isolates, and additive
activity against the remainder four (15.6%), cephalothin
with amikacin was synergistic against 26.9% and partially
synergistic against the rest (73.07%). For cephalothin plus
vancomycin combination, the effect was additive against
76.9% (20/26), and indifferent for 23.1%, imipenem plus
vancomycin combination showed additivity against
80.7% (21/26) of the isolates and indifference against five
isolates. Finally, vancomycin and amikacin combination
was synergistic only in two isolates and partially synergis-
tic against 38.46%, and indifferent effect was shown
against 53.8% (14/26). None of the combinations
showed an antagonistic effect.

Multirresistant Staphylococcus strains are a common prob-
lem [4,10]. Reports of vancomycin tolerant or resistant
strains have promoted the performance of antimicrobial
interaction assays, using different combinations including
vancomycin. Some studies have demonstrated synergistic
effect for the combination of vancomycin and beta-
lactams [19-21], and there is some evidence supporting its
use in combination with aminoglycosides, in endocarditis
[22,23].

In our study, synergy was evident for dicloxacillin or
cephalothin in combination with amikacin, unfortu-
nately, not in all cases the MICs in combination will be
achieved therapeutically. In contrast with the results by
Rochon-Edouard et al., we did not find a synergistic effect
with the imipenem/vancomycin combination. The FIC
indexes were inversely correlated with the MICs of imi-
penem (32 and 64 mg/L). The strains included in the
present study required very high imipenem initial MICs
(512 mg/L), and lower vancomycin concentrations (1–2
mg/L), therefore, results are poorly comparable. Results
were similar for the vancomycin plus aminoglycoside
combination (indifferent effect). One of the main obsta-
cles to generalize the concept of the usefulness of antimi-
crobial combinations is the diversity of combinations in
published studies [24-26]. In developing countries, the
availability of new drugs, active against resistant strains is
limited due to its cost, combinations of traditional anti-

Table 1: MICs (mg/L) and FIC indexes of the 26 methicillin-resistant Staphylococcus spp.

SPECIES OX DX CEF IMP VAN AK DX/AKa FIC CEF/AKb FIC CEF/VANc FIC IMP/VANd FIC VAN/AKe FIC

S. aureus 32 1 64 256 1 32 0.5/4 0.63 0.5/1 0.037 64/1 2 256/1 2 0.5/8 0.75
S. aureus 16 128 64 8 1 32 8/4 0.18 8/1 0.16 32/0.5 1 4/0.5 1 0.5/8 0.75
S. aureus >32 32 64 8 1 512 8/128 0.5 8/64 0.25 64/1 2 4/0.5 1 1/64 1.12
S. aureus >32 512 256 1 0.5 64 0.125/32 0.5 2/16 0.26 1/0.5 1 0.5/0.25 1 0.125/32 0.5
S. aureus >32 512 64 512 2 128 2/4 0.03 1/64 0.52 64/2 1 256/1 1 0.125/32 0.31
S. aureus 8 32 32 8 2 128 8/32 0.5 4/64 0.62 32/2 2 8/2 2 2/16 1.12
S. aureus 8 2 0.5 8 1 128 1/64 1 0.125/64 0.75 0.25/0.5 1 4/0.5 1 1/64 1.5
S. aureus >32 512 2 256 1 512 0.125/4 0.5 0.5/64 0.75 1/0.5 1 128/0.5 1 1/128 2
S. aureus >32 128 128 8 2 128 0.5/32 0.25 16/64 0.52 1/2 1 4/1 1 0.5/64 0.75
S. aureus >32 512 512 1 2 512 0.125/128 0.5 32/256 0.56 128/1 1 0.5/1 1 0.5/128 0.5

S. epidermidis >32 512 4 256 0.5 32 1/8 0.25 0.125/8 0.28 2/0.25 1 128/0.25 1 0.06/0.125 0.12
S. epidermidis >32 512 256 512 2 512 0.125/512 1 8/128 0.28 0.125/2 1 256/1 1 0.125/256 0.56
S. epidermidis >32 512 32 512 1 128 0.125/64 0.5 0.25/64 0.5 0.125/1 1 256/0.5 1 0.125/64 0.62
S. epidermidis >32 512 128 512 1 512 0.5/128 0.25 0.125/256 0.5 0.25/1 1 256/0.5 1 0.125/512 1.12
S. epidermidis >32 512 256 512 1 128 2/64 0.5 1/64 0.5 128/0.5 1 256/0.5 1 1/16 1.12
S. epidermidis >32 512 4 512 1 128 1/64 0.5 0.125/64 0.53 2/0.5 1 256/0.5 1 1/16 1.12
S. epidermidis >32 8 2 512 1 128 4/64 1 0.125/64 0.56 0.125/1 1 256/0.5 1 0.125/64 0.62
S. epidermidis >32 512 4 512 1 64 0.5/16 0.25 0.25/32 0.56 0.25/1 1 256/0.5 1 0.125/64 1.12
S. haemolyticus >32 512 256 512 0.5 64 128/32 0.5 8/64 0.53 256/0.5 2 256/0.25 1 0.5/64 1.5
S. haemolyticus >32 256 512 512 2 128 1/64 0.5 2/64 0.5 256/1 1 256/1 1 2/16 1.12
S. haemolyticus >32 512 512 512 4 256 2/64 0.25 128/128 0.75 256/2 1 512/4 2 4/16 1.12
S. haemolyticus >32 512 512 512 2 256 2/256 1 16/128 0.53 512/2 2 512/2 2 2/128 1.5

S. hominis >32 128 64 256 4 128 2/64 0.5 16/64 0.75 32/2 1 128/2 1 1/64 0.75
S. hominis >32 256 256 256 4 512 2/256 0.5 16/256 0.56 128/2 1 128/2 1 4/256 1.5
S capitis >32 64 2 512 2 128 1/32 0.25 0.25/32 0.37 1/1 1 256/1 1 1/32 0.75
S. sciuri >32 128 128 8 2 64 1/16 0.25 2/32 0.5 128/2 2 8/2 2 2/8 1.12

MIC in combination for a = dicloxacillin plus amikacin, b = cephalothin plus amikacin, c = cephalothin plus vancomycin, d = imipenem plus vancomycin and e = vancomycin plus 
amikacin.
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microbial agents that exhibit synergy or even additive
activity could be an option.

Conclusion
The best synergistic combination was cephalothin or
dicloxacillin plus amikacin. The vancomycin combina-
tion with cephalothin or imipenem showed additivity.
Vancomycin and amikacin had and indifferent effect. In
vivo synergy and clinical efficacy cannot be predicted, but
information of in vitro assays with resistant strains, could
be useful to propose clinical studies to validate this infor-
mation, most of all, in developing countries with a lim-
ited formulary.
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