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INTRODUCTION

	 Antibiotic resistance in microorganisms is still an 
important health problem worldwide. Becoming 
resistant and capability of transferring resistance 
factors to other bacteria make it difficult to fight 
off diseases and gradually reduce the treatment 
options.1,2

	 Early detection of antibiotic susceptibility profile 
of the isolates obtained from patients, particularly 
from intensive care units, who have life-threating 
manifestations such as meningitidis, bacteriemia 
and sepsis as well as more common and less severe 
infections has critical importance in terms of 
immediate beginning of the appropriate treatment 
and increasing of treatment success. In such cases, 
the success of the treatment would reduce the 
side effects of antibiotic, mortality and treatment 
costs.3-6
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ABSTRACT
Objective: Early detection of antibiotic susceptibility profile of the isolates has critical importance in 
terms of immediate beginning of the appropriate treatment and increasing of treatment success, such 
as meningitis, bacteriemia and sepsis. In the present study, it was aimed to compare the antibiotic 
susceptibility results of Quicolor (Salubris Inc., Massachusetts, USA) and standard disk diffusion method.
Methods: One hundred twenty three isolates were included in this study (80 Enterobacteriaceae, 15 
Staphylococci and 28 nonfermentative Gram-negative bacteria). Antibiotic susceptibility in clinical isolates 
was evaluated using Mueller-Hinton (MH) agar and Quicolor (ES and NF) agar plates.
Results: For Enterobacteriaceae, frequency of total concordance, major error, and minor error between the 
tests were found as 96.8%, 0.8%, and 2.4%, respectively. For Staphylococci, frequency of total concordance, 
major error, and minor error among the tests were found as 95.7%, 3.5%, and 0.8%, respectively. For non 
fermentative bacteria, frequency of total concordance, major error, and minor error among the tests were 
found as 83.9%, 9.6%, and 6.4%, respectively.
Conclusions: Quicolor media provided reliable susceptibility results in enteric bacteria and Staphylococci. 
However, further studies including higher number of nonfermentative bacteria are required to determine 
whether the chromogenic media are appropriate for this group of bacteria.
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	 In routine microbiology laboratory, antibiotic 
susceptibility testing is performed using either disk 
diffusion method or automated systems, and it 
should be expected for the results for approximately 
16-24 hours. Some molecular methods are available 
for determination of the susceptibility profile in a 
shorter period. However, using these methods in 
routine laboratory are not cost-effective, therefore, 
researchers should work on some low-cost methods 
that are also easier to perform. It is reported that 
expecting time has been reduced to 4-6 hours with 
some recent methods in which chromogenic media 
are used.7-9 
	 In the present study, we aimed to compare 
the antibiotic susceptibility results of Quicolor 
(Salubris Inc., Massachusetts, USA) and standard 
disk diffusion method, and to investigate reliability 
of this chromogenic medium.

METHODS

	 This study was approved by the local ethics 
committee. A total of 123 isolates consisting of 
80 Enterobacteriaceae isolates (70 Escherichia 
coli, 5 Klebsiella pneumoniae, 1 Klebsiella oxytoca, 
2 Proteus spp., 1 Morganella morganii, 1 Serratia 
marcescens), 15 Staphylococci (7  Staphylococcus 
aureus, 7 Staphylococcus epidermidis, 1 Staphylococcus 
saprophyticus) and 28 nonfermentative Gram 
negative bacteria (20 Pseudomonas aeruginosa, 8 
Acinetobacter spp.) all of which were obtained from 
various clinical specimens in the microbiology 
laboratory of Kayseri Training and Research 
Hospital were included in the study. Bacterial 
suspensions were adjusted to a density of 0.5 
McFarland standard, and were inoculated onto 
both Mueller Hinton (MH) media (bioMérieux, 

France) and Quicolor (Salubris Inc., Massachusetts, 
USA) chromogenic media, and antibiotic disks 
were placed onto the inoculated media. All media 
were incubated at 350C, MH media for 18-24 hours, 
and Quicolor media for approximately 6-10 hours 
until the color changes at the inhibition zone 
became visible. At the end of the incubation period, 
inhibition zones around the disks on the Salubris 
media were measured and evaluated according 
to the manufacturer’s recommendations (Fig.1), 
and the zone diameters on the MH media were 
evaluated according to the criteria of the Clinical 
and Laboratory Standards Institute (CLSI 2014)
	 The evaluation of the results was completed at the 
end of 6th hour of incubation for enteric bacteria and 
staphylococci, and it was done at 9th or 10th hours 
of incubation for nonfermentative ones. If the test 
results were the same, either susceptible or resistant 
by both tests, it was defined as “concordance”. If 
the result was susceptible or resistant by one test 
and intermediate with the other, it was defined 
as“minor error”. If the result was susceptible by 
one test and resistant by the other it was defined as 
“major error”. E. coli ATCC 25922, S. aureus ATCC 
25923, P. aeruginosa ATCC 27853 were evaluated as 
quality control strains.

RESULTS

	 For Enterobacteriaceae, frequency of total 
concordance, major error, and minor error between 
the tests were found as 96.8%, 0.8%, and 2.4%, 
respectively. For staphylococci, frequency of 
total concordance, major error, and minor error 
between the tests were found as 95.7%, 3.5%, and 
0.8%, respectively. For nonfermentative bacteria, 

Table-I: Concordance rates between Quicolor 
and standard disk diffusion methods 

for Enterobacteriaceae (n=80).
Antibiotics	 Minor	 Major	 Total	 Concordance
	 error	 error	 error	      n (%)
	 n (% )	 n (% )	 n (%)	

Ampicillin	 3 (3.7%)		  3 (3.7%)	 77 (96.3%)
Amoxicillin/	 8 (10.0%)	 1 (1.2%)	 9 (11.2%)	 71 (88.8%)
  clavulanate
Cefuroxim	 1 (1.2%)		  1 (1.2%)	 79 (98.2%)
  axetil
Cefepim	 2 (2.5%)	 1 (1.2%)	 3 (3.7%)	 77 (96.3%)
Gentamicin	 1(1.2%)	 3 (3.7%)	 4 (5.0%)	 76 (95.0%)
Amikasin				    80 (100%)
Ciprofloxasin				   80 (100%)
Meropenem				    80 (100%)
Total	 15 (2.4%)	 5 (0. 8%)	 20 (3.2%)	 620 (96.8%)Fig.1: A sample for Quicolor media.
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frequency of total concordance, major error, and 
minor error between the tests were found as 83.9%, 
9.6%, and 6.4%, respectively. In the enteric bacteria 
group, the highest minor error frequency was found 
in eight isolates (10%) for amoxicillin/clavulanate, 
the highest major error rate was found in three 
isolates (3.7%) for gentamicin. In nonfermentative 
group, the highest minor error frequency was found 
in five isolates (17.8%) for cefoperazone/sulbactam, 
the highest major error was observed in four isolates 
(14.2%) for amikacin (Table-I, II, and III).

DISCUSSION

	 Recently, rapid antimicrobial susceptibility meth-
ods have been used with a capability of providing 
results in 4-12 hours in microbiology laboratories. 
These methods have higher cost than standard disk 
diffusion method, but they are cheaper than molec-
ular tests.10,11 Chromogenic Quicolor disk diffusion 
medium is considered as an inexpensive method 
that can be preferred to be used for rapid suscep-
tibility results particularly in critical patients with 
meningitis, bacteremia, or sepsis.7,12

	 In the present study, it was observed that Quicolor 
test results were provided in a period shorter than 
10 hours, and less than six hours for enteric bacteria 
and staphylococci. These periods mean that the 
susceptibility results can be provided at the same 
day, and it can be considered to contribute early 
beginning of the appropriate treatment. However, 
some discrepancies were found between the 
results of the two methods. The total concordance 
of 95% shows that the chromogenic media can 
be reliable for enteric bacteria and staphylococci. 
However, total concordance was found about 
80% for nonfermentative bacteria that include P. 
aeruginosa and A. baumannii both of which are very 

common causative agents of nosocomial infections 
particularly in intensive care units. Besides this, for 
nonfermentatives, major error rate was found about 
10%, and this makes us consider that chromogenic 
media are not reliable enough for this group of 
bacteria.
	 Ercis et al.13 investigated the reliability of 
Quicolor media in detection of extended-spectrum 
beta-lactamase (ESBL) production of bacteria using 
disks and strips containing various antimicrobial 
combinations with disk diffusion and Etest methods, 
and they reported that the results provided at the 
end of a 4-6 hours of incubation showed a total 
concordance of 97%.
	 Kocagöz et al.14 compared presence of ESBL in 
184 Salmonella isolates using double-disk synergy 
method with Quicolor and MH media, and they 
reported positivity in six isolates and that the both 
methods showed complete concordance with each 
other.
	 Kocagöz et al.15 reported the total concordance as 
97.6% in all isolates, 96.7% in enteric bacteria, 96.8% 
in staphylococci, and 94.2% in norfermentative 
bacteria in their study conducted for comparison 
of reliability of Quicolor media with a total of 
177 isolates. They also reported very low major 
error rates between 0.6-1.7%. The concordance 
rates of Kocagöz et al.14 are very close to our data 
in enteric bacteria and staphylococci groups. 
However, our concordance rate was lower, and 
our major error rate was higher than their rates in 
nonfermentative group. These  discrepancies can 
be due to our lower number of isolates. Moreover, 
due to lack of molecular methods determining the 
clonal relationship amongst the isolates in both 

Rapid antibacterial susceptibility testing

Table-III: Concordance rates between Quicolor
and standard disk diffusion methods
for nonfermentative bacteria (n=28).

Antibiotics	 Minor	 Major	 Total	 Concordance
	 error	 error	 error	      n (%)
	 n (% )	 n (% )	 n (%)	

Cefoperazone	5 (17.8%)	 2 (7.1%)	 7 (24.9%)	 21 (75.1%)
  /sulbactam
Imipenem	 2 (7.1%)	 2 (7.1%)	 4 (14.2%)	 24 (86.8%)
Ceftazidim	 2 (7.1%)	 3 (10.7%)	 5 (17.8%)	 23 (82.2%)
Cefepim	 2 (7.1%)	 3 (10.7%)	 5 (17.8%)	 23 (82.2%)
Gentamicin		  3 (10.7%)	 3 (10.7%)	 25 (89.3%)
Netilmycin				    28 (100%)
Amikacin		  4 (14.2%)	 4 (14.2%)	 24 (86.8%)
Ciprofloxacin		 3 (10.7%)	 3 (10.7%)	 25 (89.3%)
Meropenem	 3 (10.7%)	 1 (3.5%)	 4 (14.2%)	 24 (86.8%)
Total	 14 (6.4%)	 21 (9.6%)	 35 (16.1%)	217(83.9%)

Table-II: Concordance rates between Quicolor
 and standard disk diffusion methods 

for staphylococci (n=15).
Antibiotics	 Minor	 Major	 Total	 Concordance
	 error	 error	 error	      n (%)
	 n (% )	 n (% )	 n (%)	

Cefoxitin		  1(6.6%)	 1(6.6%)	 14 (94.3%)
Eritromycin				    15 (100%)
Clindamycin				    15 (100%)
Ciprofloxasin				   15 (100%)
Gentamicin		  1(6.6%)	 1(6.6%)	 14 (94.3%)
Amikacin	 1 (6.6%)		  1(6.6%)	 14 (94.3%)
Vancomycin		  1(6.6%)	 1(6.6%)	 14 (94.3%)
Teicoplanin		  1(6.6%)	 1(6.6%)	 14 (94.3%)
Total	 1 (0.8%)	 4 (3.5%)	 5 (4.3%)	 115 (95.7%)
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studies, epidemic clones might be included in the 
tests, and this condition, particularly the number 
of probable epidemic clones, might have affected 
the concordance frequency between the studies. 
For instance, in a study including a multi-resistant 
clone consisting of most of the isolates, the resistance 
rate would be found higher as it was, and this clone 
would found as resistant using all the methods, 
and concordance rate between methods would be 
calculated in a high rate. Including high number 
of isolates in the studies lack of determination of 
clonal relatedness can reduce this probability in 
very low rates. 
	 Coban et al.16 aimed to determine susceptibility 
break points for methicillin resistance in 
Staphylococcus aureus using Quicolor media, and 
they reported that these media provided reliable 
results within 4-9 hours.
	 Reporting the susceptibility results one day 
earlier can provide the beginning of the appropriate 
treatment for the patients, so it will contribute 
to reducing the side effects, to preventing from 
probable harmful impacts, to decrease mortality 
rate, to shorten the time of hospital stay, and to slow 
down the spreading of antimicrobial resistance. 
These positive effects will cause reduction of 
hospital costs, and will cause the low cost difference 
between the chromogenic and standard methods to 
turn into profit.14-16

	 In conclusion, our data showed that chromogenic 
Quicolor media provided reliable susceptibility 
results in enteric bacteria and staphylococci. 
However, the results were not in a convincing level 
of reliability in norfermentative group. We consider 
that further studies including higher number of 
nonfermentative bacteria are required to determine 
whether the chromogenic media are appropriate for 
this group of bacteria.

Source of funding: None to declare.

Conflict of interest: None to declare.

REFERENCES
1.	 Bilman FB, Can F, Colakoglu S, Dolapci I, Demirbilek M, 

Kaya M, et al. The performance of two different chromogenic 
media for the diagnosis of extended spectrum beta-lactamase 
producing strains. Mikrobiyol Bul. 2010;44(1):105-110.

2.	 Ciftci IH, Asik G, Er H, Karakece E. Rapid detection of 
resistance in Staphylococcus aureus by using Quicolor 
ES. World J Microbiol Biotechnol. 2014;30(2):715-718. 
doi: 10.1007/s11274-013-1474-2.

3.	 Barenfanger J, Drake C, Kacich G. Clinical and financial 
benefits of rapid bacterial identification and antimicrobial 
susceptibility testing. J Clin Microbiol. 1999;37(5):1415-1418.

4.	 Schifman R, Pindur A, Bryan JA. Laboratory practices for 
reporting bacterial susceptibility tests that affect antibiotic 
therapy. Arch Pathol Lab Med. 1997;121(11):1168-1170. 

5.	 Tunney MM, Ramage G, Field TR, Moriarty TF, 
Storey DG. Rapid colorimetric assay for antimicrobial 
susceptibility testing of Pseudomonas aeruginosa. Antimicrob 
Agents Chemother. 2004;48(5):1879-1881. doi: 10.1128/
AAC.48.5.1879-1881.2004.

6.	 Kanemitsu K, Kunishima H, Inden K, Hatta M, Saga T, 
Ueno K, et al. Assessment of RAISUS, a novel system for 
identification and antimicrobial susceptibility testing for 
enterococci. Diagn Microbiol Infect Dis. 2005;53(1):23-27. 
doi: 10.1016/j.diagmicrobio.2005.04.008

7.	 Irajian G, Ranjbar R, Moghadas AJ. Detection of extended 
spectrum beta lactamases producing Salmonella spp. and 
multidrug resistance pattern. Iranian J Pathol. 2009;4:128-132.

8.	 Granato PA. Impact of same-day tests versus traditional 
overnight testing. Diagn Microbiol Infect Dis. 1993;16(3):237-
243. doi: 10.1016/0732-8893(93)90116-O

9.	 Doern G, Vautour R, Gaudet M, Levy B. Clinical impact 
of rapid in vitro susceptibility testing and bacterial 
identification. J Clin Microbiol. 1994;32(7):1757-1762. 

10.	 Ribeiro J, Vieira FD, King T, D’Arezzo JB, Boyce JM. 
Misclassification of susceptible strains of Staphylococcus 
aureus as methicillin-resistant S. aureus by a rapid 
automated susceptibility testing system. J Clin Microbiol. 
1999;37(5):1619-1620.

11.	 Ling TKW, Tam PC, Liu ZK, Cheng AFB. Evaluation of 
VITEK 2 Rapid Identification and Susceptibility Testing 
System against Gram-Negative Clinical Isolates. J Clin 
Microbiol. 2001;39(8):2964-2966.

12.	 Sener S, Acuner IC, Bek Y, Durupinar B. Colorimetric-
plate method for rapid disk diffusion susceptibility testing 
of Escherichia coli. J Clin Microbiol 2011;49(3):1124-1127. 
doi: 10.1128/JCM.02104-10

13.	 Ercis S, Sancak B, Kocagöz T, Kocagöz S, Hascelik 
G, Bolmström A. Rapid 4 to 6 hour detection of 
extended-spectrum beta-lactamases in a routine 
laboratory. Scand J Infect Dis. 2007;39(9):781-785. doi: 
10.1080/00365540701367751

14.	 Kocagöz S, Budak F, Gür D. Evaluation of a chromogenic 
medium for rapid detection of extended spectrum beta-
lactamase producing Salmonella spp. Indian J Med Res. 
2006;124(4):443-446. 

15.	 Kocagöz T, Ercis S, Darka Ö, Salmanzadeh-Ahrabi S, 
Kocagöz S, Hascelik G. Quicolor: a novel system for 
rapid antibacterial susceptibility testing. Ann Microbiol. 
2007;57(1):131-135.

16.	 Coban AY, Demirpek U, Yildirim T, Cayci YT, Kocagoz T, 
Durupinar B. Rapid detection of methicillin resistance in 
Staphylococcus aureus isolates; evaluation of colorimetric 
Quicolor ES agar and determination of breakpoint inhibition 
zone diameters of cefoxitin. World J Microbiol Biotech. 
2011;27(8):1901–1904. doi: 10.1007/s11274-011-0649-y.

Authors Contributions:

GY: Designed the protocol, performed the procedures, 
and prepared the final manuscript. ZM: Critically 
reviewed the manuscript for final publication. 
FMS: was involved in clinical management of the 
tests. BDE, EB and DS: Contributed in manuscript 
writing.

Gulhan Yagmur et al.


