Jundishapur J Microbiol. 2012;5(1):341-345. DOI: 10.5812/kowsar.20083645.2374

Microbiology
Jundishapur Journal of

KOWSAR

Journal home page: www.jjmicrobiol.com

A Method for Antibiotic Susceptibility Testing: Applicable and Accurate
Ramezan Ali Ataee 1, 2, Ali Mehrabi-Tavana 2, 3, Seyed Mohammad Javad Hosseini 3, 4 *, Khadijeh Moridi 1, 2, Mahdi Ghorbananli Zadegan 2, 3
1 Therapeutic Microbial Toxin Research Center, Baqiyatallah University of Medical Sciences, Tehran, IR Iran
2 Department of Medical Microbiology, Faculty of Medicine, Baqiyatallah University of Medical Sciences, Tehran, IR Iran

D
I

3 Management Health Research Center, Baqiyatallah University of Medical Sciences, Tehran, IR Iran
4 Molecular Biology Research Center, Baqiyatallah University of Medical Sciences, Tehran, IR Iran

A R T IC LE

I NFO

A B S TRAC T

Article type:
Original Article

S
f

Background: Emerging antibiotic resistance in pathogenic bacteria has driven the development of new assays for routine antibiotic testing.
Objectives: The purpose of this study was to evaluate the effects of different organic solvents
in preparing two-fold decreases in serial penicillin concentration coated onto 96-well plates
to design a method for antibiotic susceptibility testing.
Materials and Methods: Benzyl penicillin was dissolved in each solvent (sterile distilled water,
PBS, diethyl alcohol, ethanol, butanol, chloroform, 2-propanol, and acetonitrile). Serial dilutions of each solution were loaded onto a 96-well microtiter plate and incubated at 37°C for
12 h. Next, 200 µL of sterilized Mueller-Hinton broth was added along with 50 µL of bacterial
suspension at an adjusted concentration equivalent to 0.5 McFarland standards. The prepared plates were incubated at 37ºC for 24 h. Optical density (OD) was measured at 540 nm.
Results: When comparing the ODs of each sample in 96-well microtiter plates with positive
and negative controls, significant antibacterial activity was observed. Most activities ranged
from 50 to 200 units of penicillin in samples that were diluted with distilled water, PBS, or
isobutyl alcohol as a solvent. Analysis of the results suggested that, when using the aforementioned solvents, the minimum inhibitory concentration of penicillin against a sensitive
strain of Staphylococcus aureus was ≥50 units of penicillin.
Conclusions: The results revealed that the accuracy and feasibility of this method can greatly
reduce the waiting period of antibacterial sensitivity tests. Additionally, this method is lowcost and could benefit patients who urgently require proper antibiotic therapy.
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Implication for health policy/practice/research/medical education:
Applying of this antibiotic sensitivity assay in the diagnostic microbiology laboratories is important. Because, precise determination of
MIC and minimum bactericidal concentration can be a valuable guide for physicians and patients will be treated successfully.
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ing is important for public health. Antimicrobial susceptibility information about pathogens may significantly
reduce morbidity and mortality, cost of treatment, and
duration of hospitalization if this information can be
provided to clinicians in a rapid and timely fashion (1).
To determine in vitro antimicrobial susceptibility, various methods are commercially available, and clinical microbiology laboratories choose a manual or instrumentbased method for performing routine antimicrobial
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susceptibility testing (2, 3). The most commonly used
methods include disk diffusion (4-6), broth microdilution (with or without use of an instrument for panel
readings), and rapid automated instrument-based methods (7). The E-test may also be useful for some bacteria (8).
In many countries, the disk diffusion method is the
most commonly used method in clinical laboratories.
This test provides the greatest flexibility and cost-effectiveness; however, the test takes at least 24 h (9, 10) and
there are limitations in its accuracy. Thus, several automated systems are now available that provide rapid antimicrobial susceptibility data (11). These include the Autobacs (General Diagnostics, Warner-Lambert Co., Morris
Plains, NJ), the MS-2 (Abbott Laboratories, Dallas, TX), and
the Auto Microbic system (AMS; Vitek, Inc., Hazelwood,
MO). These systems provide interpretable results (susceptible or resistant) or an approximate or exact minimum inhibitory concentration (MIC) 3–10 h after inoculation. However, the cost of analysis, including materials
and labor, show that these systems are expensive and not
feasible for use in developing countries in which infectious diseases are relatively more common (12). Thus, it is
necessary to develop a relatively simple, rapid, accurate,
and less costly test for performing antimicrobial susceptibility testing to yield precise MICs and interpretation of
bacterial isolate sensitivity within 6–12 h.

µL were prepared. Different concentrations of antibiotic (200, 100, 50, 25, 12.5, and 6.25 unit/well) were then
prepared from the base antibiotic stock solution. Plates
were incubated at 35°C for 24 h for evaporation and finalization of the process of loading the antibiotic into the
plate. Plates were stored in a refrigerator set at 4°C until
required.

3.3. Antibiotic Sensitivity Assay
Prepared plates were removed from the refrigerator
and 200 µL of Mueller-Hinton broth was added to each
well containing antibiotics. As described above, each row
of the plate corresponded to a specific solvent and one
well in each row served as a negative control (blank) and
another as a positive control. The negative control well
or blank did not contain bacterial inoculum, whereas the
positive control well was free from antibiotics. Two bacterial strains were used, one that is sensitive to penicillin
and the other that is resistant to penicillin.
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3.1. Materials and Bacterial Strains

Benzyl penicillin (C16H17N2O4Na) with a potency of more
than 1477 Unit/mg (Sigma, St. Louis, MO), distilled water,
phosphate-buffered saline (PBS, 0.1 mM), diethyl ether
(99.5%), ethanol (96%), isobutyl alcohol, propanol, chloroform, 96-well plates, and Mueller-Hinton broth (Merck, Germany) were purchased. The bacterial standard
strains used in this study were as follows: S. aureus ATCC
25923 (as a quality control strain sensitive to ampicillin)
and S aureus ATCC 43300 (resistant to methicillin and oxacillin), which were kindly provided by Dr. Mohammad
Rahbar (from the Reference Laboratory of Iran).

A

3.2. Preparation of Serial Dilutions
One row of a 96-well microplate was marked for each
solvent. A stock antibiotic solution of benzyl penicillin
(C16H17N2O4Na) with a potency of 1477 Unit/mg (Lot number 023H189) was prepared. Next, a 1mL microtube was
selected for each solvent. Following this step, 400 µL of
the selected solvents was added to each tube, and an adequate amount of benzyl penicillin powder was added.
Thus, stock solutions of antibiotics containing 1 unit/

A McFarland 0.5 turbidity standard was prepared by
adding 99.5 mL of 1% sulfuric acid to 0.5 mL of 1.175% barium chloride solution. This solution was dispensed into
tubes comparable to those used for inoculum preparation. The tubes were sealed and stored under dark conditions at room temperature. The McFarland 0.5 standard
provides turbidity (OD = 7) comparable to that of a bacterial suspension containing 1.5 × 108 colony-forming units
(CFU)/mL or 1.5 × 105 CFU/µL. Turbidity of the prepared
bacterial suspensions was compared by observing the
black lines through the suspension. A 50-µL volume of
this suspension was added to each well to obtain a final
concentration of approximately 50 × 1.5 × 105 CFU/wells.
These bacteria were tested in separate plates. Inoculated
plates were incubated at 37°C, and the optical density
(OD) of each well was measured at 0, 12, 18, and 24 h after initiation of incubation using an ELISA reader device
set at 540 Nanometer. The mean of the OD of different
concentrations of each bacterium and solvent was compared and analyzed using unilateral variance analysis
(ANOVA). In our statistical analyses, α = 0.005 was considered acceptable significant variation and the results
were analyzed using SPSS Ver. 16.
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2. Objectives
The purpose of this study was to develop a rapid, simple, and cost-effective broth microdilution method for
antibiotic susceptibility testing of pathogenic bacteria
such as the methicillin-resistant Staphylococcus aureus.
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3.4. Inoculum Standardization

4. Results
The results of this study revealed that antibiotic sensitivity assays can be performed using this modified
method of manual broth microdilution, which does not
require expensive devices. Loading various antibiotic
concentrations in different rows of a 96-well plate allows
the use of single plates for evaluating the sensitivity of
different antibiotics at the same time. In this study, six
different concentrations of penicillin were prepared in
different solvents. Figure 1 shows the prepared serial dilution in one row of a plate. OD data from measurements
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Figure 1. Example of a Row of a 96-Wells Plate Used for the evaluating Antibiotic Sensitivity Using the broth Microdilution Method

are shown in Figure 2. This figure is divided into six parts,
which is arranged into three columns. Column A shows
sterile distilled water used as a solvent. In column B, benzyl penicillin was dissolved using 1x PBS. Finally, diethyl
alcohol ether was used as a solvent in column C. Each
column is related to a particular solvent and different
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Figure 2. Effect of Penicillin Concentrations Prepared Using Different
Solvents on the Sensitivity and Resistance of S. aureus
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Figure 3. Double Comparison of the Effects of Penicillin Concentrations
Prepared Using Different Solvents on Sensitive and Resistant Bacteria
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antibiotic concentration against sensitive bacteria (upper) and resistance bacteria (lower). Difference in OD
after a 24 h incubation is shown in this figure. Positive
controls of resistant and sensitive bacteria showed active
growth, whereas for sensitive bacteria, different concentrations of penicillin in each solvent decreased bacterial
growth. The amount decrease was, however, not significant. Increasing concentrations of penicillin can repress
the growth of sensitive bacteria. No solvent completely
eliminated the antimicrobial effect of penicillin.
Figure 2 shows the results of the antibiotic susceptibility test from six microtiter plates. Parts A, B, and C represent various concentrations of penicillin (200, 100, 50,
25, 12.5, and 6.25 unit/well) prepared using sterile distilled water, PBS, and diethyl alcohol as solvents, respectively. In this procedure, 50 µL of penicillin-sensitive and
penicillin-resistant S. aureus suspension equivalent to
0.5 McFarland standards were inoculated into the upper
and lower sides of the plate, respectively. Next, 200 µL of
sterile Muller-Hinton broth was added to each well and
the plate was incubated for 24 h. Finally, the OD at 540
Nanometer was measured. The x-axis represents penicillin concentrations and the y-axis indicates the average
absorbance of 24 h cultures. There was no significant variance in the effect of different penicillin concentrations
on the growth rate of resistant bacteria. However, when
PBS was used as a solvent, decreased bacterial growth
was observed. A comparison of different concentrations
of penicillin and their effects on sensitive and resistant
bacteria is shown in Figure 3. Test plates loaded with varying concentrations of penicillin were maintained in a
4°C refrigerator for 6 months. As shown in Figure 3, the
antibacterial activity was not diminished by penicillin.

5. Discussion
Medical intervention to fight infection primarily involves selecting appropriate antibiotics to actively inhibit or kill the causative infectious agent (13, 14). Several different methods are commercially available for
determining the quantitative susceptibility of pathogenic bacteria (15, 16). In developing countries, the disk
diffusion test is still among the most commonly used antimicrobial susceptibility assays. However, the major disadvantages of this method include lack of interpretive
criteria for some organisms and inability to provide pre-
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cise data regarding the level of an organism’s resistance
or susceptibility that can be provided by other MIC methods (17). Recently, these problems have forced scientists
to consider alternative methods. Thus, methods based
on serial dilutions have been developed to overcome
these problems (18). While these methods avoid the
drawbacks of disk diffusion methods, they require other
factors (preparing different concentrations of antibiotics in rows of a 96-well plate and reader devices such as
scanners and plate analyzers), increasing the cost of the
assay (19). Therefore, a number of broth dilution systems
using dried or frozen drug dilutions in microwell plates
are recommended to decrease costs (20, 21). The primary
advantages of these newly developed tests include quantitative data and cost-effectiveness. However, proper
techniques for preparing microwell plates loaded with
different antibiotics and practical training to conduct
the tests are essential.
This study was carried out based on the guidelines of
the Clinical and Laboratory Standards Institute (CLSI),
for dissolving the powder of penicillin in the recommended dilutions (22, 23). The preparation of different
antibiotic concentrations was carried out at room temperature and the plates were dried in a 35°C incubator
for 24 h or in a 4°C refrigerator for 1 week or more. We
tested various solvents for preparing different penicillin
concentrations in a microwell plate and found that PBS
is the best solvent. For comparison, positive control and
blank wells were used to determine the potential activity of penicillin in each well. In this study, penicillin was
selected as the sample antibiotic.
After incubation for 18–24 h, results can be read manually using an ELISA reader. Growth appears as turbidity
or as a deposit of cells at the bottom of a well. Negativegrowth control wells should be read first. If the positive
control wells do not exhibit growth, the results are invalid. To ensure detection of penicillin-resistant staphylococci, results should be interpreted only after 12 h of
incubation. Prepared plates can be stored in a refrigerator at 4°C for more than 6 months without loss of activity
and are used by adding an adequate volume of medium
and bacterial suspension. The advantage of this method
compared with other methods is that it is cost-effective,
feasible, and uses basic instruments. Because of the low
cost, this method may be suitable for antibiotic susceptibility testing worldwide, particularly in developing
countries.
The accuracy and feasibility of this method can greatly
reduce the waiting time involved in standard laboratory
antibacterial sensitivity assays. This method can be utilized without costly devices and specialized manpower
in the clinical laboratory and provides different benefits
to the patients who require proper antibiotic treatment
to control bacterial infections. In the present study, various available solvents were used to prepare penicillin solutions. Each solvent was tested for the effectiveness of
penicillin against a bacterial strain. Solutions of penicillin prepared using distilled water, ethyl alcohol, and PBS

as solvents showed antibacterial activity.
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