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ABSTRACT de dos cepas de coleccion que presentan una sensibilidad co-

Introduction. Rapid determination of the antibiotic sus-
ceptibility test in bacteria remains a challenge for Clinical Mi-
crobiology laboratories.

Methods. An improvement in the colorimetric antimi-
crobial susceptibility testing performed with resazurin in en-
terococci and staphylococci has been carried out. The design
of method was performed using two collection strains, which
have a known susceptibility. This procedure was then validated
against standard commercial methods on 15 strains of staphy-
lococci and 15 strains of enterococci from patients.

Results. The essential agreement between the colorimet-
ric method and commercial methods (E-test, MicroScan and
VITEK2) was 1000%.

Conclusion. Resazurin allows us to obtain a reliable an-
tibiotic susceptibility test in staphylococci and enterococci in
less than two hours.
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Un procedimiento de dos horas para
determinar la sensibilidad de estaficolococos
y enterococos a los antibioticos en dos horas
mediante un método colorimétrico

RESUMEN

Introduccion. La realizaciéon de un antibiograma rapido
sigue siendo un reto para los laboratorios de Microbiologia Cli-
nica.

Métodos. Se ha realizado una mejora en el antibiograma

colorimétrico realizado mediante resazurina en estafilococos y
enterococos. El disefo del método se realizd mediante el uso
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nocida. Este procedimiento se validd posteriormente frente a
los métodos comerciales mediante el procesamiento de 15 ce-
pas de estafilococos y 15 de enterococos aisladas de pacientes.

Resultados. Se ha obtenido un 100% de concordancia
entre la sensibilidad obtenida mediante resazurina y la obte-
nida mediante los métodos comerciales (E-test, MicroScan and
VITEK2).

Conclusion. Mediante el uso de resazurina es posible ob-
tener un antibiograma en estafilococos y enterococos en me-
nos de dos horas de forma fiable.

Palabras clave: resazurina; antibiograma rapido; bacteriologia

INTRODUCTION

In clinical microbiology laboratories, the most widely used
methods to obtain antibiotic susceptibility tests (AST) are based
on the observation of bacterial growth when the bacteria, pre-
viously isolated in culture plates, are incubated in the presence
of the antibiotic being tested. Within these methods, disc dif-
fusion and antimicrobial gradient methods (e.g. E-test strips)
require a time of 17-24 hours to yield a result’. Also, broth
microdilution has been used in various automated equipment;
among which there is the VITEK2® (biomérieux, Marcy I'Etoile,
France) and the Phoenix® (BD Biosciences, Franklin Lakes, NJ,
USA) systems that provide the fastest results with an average
time of nine hours?

All the aforementioned methodologies have two draw-
backs. Ideally, results should be obtained faster, since early ad-
ministration of an appropriate antibiotic for the treatment of
bacterial infections improves patients' outcome, lowering hos-
pitalization costs®. Besides, the values of minimum inhibitory
concentration (MIC) or the inhibition zone diameter provided
are not reproducible*®. In order to overcome these difficulties,
various methodologies, such as flow cytometry, molecular
detection techniques, bioluminescence, chemiluminescence,
nephelometry, microarrays or colourimetric methods have
been introduced in clinical microbiology laboratories. Within
colourimetric methods, resazurin is a well-known and easy-
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to handle probe for determining cell viability®. Resazurin is an
oxidised form of a redox indicator that is blue in colour and
non-fluorescent. When incubated with non-viable cells, it is
not reduced and maintains its blue colour. On the other hand,
when incubated with viable cells, which contain reductants
substances, such as NADPH or NADH, resazurin is reduced to
resorufin that is red and fluorescent. This colour change can be
detected using both fluorescence and optical density measur-
ing instruments, or with the naked eye’. When this feature of
resazurin was applied to AST, the time required to achieve re-
sults ranged from four to 24 hours’'. In order to optimize this
procedure, the aim of the present work is to perform a faster
AST from gram-positive bacteria obtained in culture plates us-
ing resazurin.

MATERIAL AND METHODS

Experimental design of the antimicrobial suscepti-
bility test. Standard antimicrobial powder of vancomycin,
oxacillin, amikacin, ciprofloxacin and ampicillin were obtained
from Sigma-Aldrich (St. Louis, MO, USA). Stock solutions were
prepared according to the protocol proposed by the EUCAST™,
sterilized by filtration using a MILLEX GS 0.22 um membrane
filter (EMD® Millipore Corporation, Billerica, MA, USA) and
stored at -80°C. Further dilutions of antibiotic were carried out
before use.

Resazurin powder (Sigma-Aldrich, St. Louis, MO, USA)
was dissolved in distilled water at a concentration of 0.1%
and sterilised by filtration using a MILLEX GS 0.22 pm mem-
brane filter (EMD® Millipore Corporation, Billerica, MA,
USA). Finally, the dissolution was stored in darkness at +4°C
until use.

The influence of both bacterial inoculum and resazurin
concentration on the time required to obtain red colour
was studied using the strains Enterococcus faecalis ATCC
29212 and Staphylococcus aureus ATCC 29213. From col-
onies of these strains, a 3-McFarland-standard bacterial
suspension was prepared. Adequate aliquots of these sus-
pensions were added into tubes containing 3 ml of cati-
on-adjusted Mueller-Hinton broth (CAMHB) (Difco, Sparks,
MD, USA) with 0.0002% or 0.0003% resazurin in order to
achieve bacterial concentrations of 10% 10° 105 10’ and
108 CFU/ml. In addition, a bacteria-free tube was used as
a negative control tube. Tubes were incubated in a water
bath at 35°C for three hours. During this time, two meth-
ods of lecture were applied after every fifteen minutes of
incubation. In the first one, the colour of the medium was
read visually; growth in each tube was indicated by a colour
change from blue to red. In the second one, measurements
of optical density at both 570 and 600 nm were performed
(Smart Spec™ Plus, Bio-Rad, Hercules, CA, USA) and the
percentage of the reduced form of resazurin was calculated
in accordance with the manufacturer's technical insert'? by
applying the next equation:

€ Ae HEudi At
(£rod )J\I-A"Zc—{sﬂd )J‘z.A]ﬁC

Percent reduced form of resazurin

where

A,:570 nm, A,:600 nm
(e,)A,: 117216
(e,JA,: 80586
(E1eg)A:155677
(€eg)\,:14652

AL, t: observed optical density reading for test tube.
Al t: observed optical density reading for test tube.
AL,c: observed optical density for negative control tube.
A\, c: observed optical density for negative control tube.

In order to set up the experimental conditions of the AST,
the strain E. faecalis ATCC 29212 was tested against ampicil-
lin, vancomycin and ciprofloxacin, and S. aureus ATCC 29213
was tested against amikacin, vancomycin, oxacillin, and cip-
rofloxacin. All antibiotics were studied at EUCAST breakpoints
concentrations of sensitivity and resistance'. Moreover, each
strain was evaluated at three bacterial concentrations: 108, 107
and 108 CFU/mI. These bacterial concentrations were achieved
in the same way as described previously. The medium used to
perform the AST was 3 ml of CAMHB with 0.0003% resazurin
and antibiotic. For oxacillin, the medium was supplemented
with 2% NaCl. In addition, control tubes without antibiotics
were included in all experiments and bacteria-free tube was
used as negative control tube. Tubes were incubated in a water
bath at 35°C for three hours. Finally, tubes were measured in
the same way as described previously and a new procedure for
determining of the susceptibility of staphylococci and entero-
cocci to antibiotics was proposed.

Validation procedure. The procedure was validated with
30 clinical strains isolated at University Clinic Hospital of Val-
ladolid (Spain), which were identified from colonies obtained
in culture plates using MALDI-TOF (Bruker Daltonik GmbH,
Bremen, Germany). In brief, 15 enterococci (10 Enterococcus
faecalis and 5 Enterococcus faecium) were tested against van-
comycin, ampicillin and ciprofloxacin, and 15 staphylococci
(5 Staphylococcus aureus, 5 Staphylococcus epidermidis, 3
Staphylococcus hominis, 1 Staphylococcus lugdunensis and 1
Staphylococcus haemolyticus) were tested against amikacin,
vancomycin, oxacillin, and ciprofloxacin. All antibiotics were
studied at EUCAST breakpoints concentrations of susceptibility.

The results of susceptibility obtained from colonies grown
in culture plates by means of the commercial methods VITEK2
(oioMérieux, Marcy I'Etoile, France), MicroScan (Siemens, Tarry-
town, NY, USA) and E-test (bioMérieux, Marcy I'Etoile, France),
applying the criteria published by the EUCAST, were considered
as the gold standard. Finally, results obtained by resazurin were
compared to the gold standard according to FDA criteria'™;
agreements and disagreements among the susceptibility val-
ues obtained were classified as agreements, very major errors
(false susceptibility), major errors (false resistance), or minor
errors (susceptible/resistant versus intermediate susceptibility).
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RESULTS

Results obtained from collection strains. When the
strains E. faecalis ATCC 29212 and S. aureus ATCC 29213 were
incubated without antibiotic, inoculums of 10*and 10° CFU/ml
were not able to produce the colour change from blue to red
after three hours of incubation. On the other hand, inoculums
of 10%, 107 and 108 CFU/ml of these strains required a determined
period of time to produce the colour red. Specifically, bacterial
concentrations of 10° CFU/m! produced the colour change dur-
ing the third hour of incubation, bacterial concentrations of 107
CFU/ml produced it during the second hour of incubation, and
bacterial concentrations of 108 CFU/ml produced it during the
first hour of incubation. Moreover, these times were the same
with both resazurin concentrations tested, but the intensity of
red colour obtained with 0.0003% resazurin was visually more
intense than the obtained with 0.0002% resazurin. When the
colour red was appreciated visually, the percentage of the re-

duced form of resazurin was higher than 17%, irrespective of
the resazurin concentration tested.

When we performed the AST using the collection strains,
inoculums of 10° CFU/ml provided the colour change during
the third hour of incubation and the results obtained during
this period of time are shown in table 1. With these conditions,
all AST were correctly obtained because the strains E. faeca-
lis ATCC 29212, S. aureus ATCC 29213, which are susceptible
to the antibiotic being incubated, were not able to produce
the colour change. Inoculums of 107 CFU/ml of the collection
strains provided the colour change from blue to red during
the second hour of incubation and the results obtained dur-
ing this period of time are shown in table 2. Also, with these
conditions, all AST were correctly obtained for the same reason
aforementioned. Inoculums of 108 CFU/m! of the collection
strains provided the colour change of the medium during the
first hour of incubation and the results obtained during this

Table 1 Percentage of the reduced form of resazurin obtained from collection strains with an inoculum of
10° CFU/ml
Incubation time (minutes)
Strain tested  Antibiotic tested 135 150 165 180 Susceptibility by resazurin
WA S R WA S R WA S R WA S R
' Ampicillin 9.61 3.7 2.88 13.44 6.38 5.89 20.25 1.21 1.86 34.01 10.33 9195 Susceptible
E'zfg;i‘;”s Vancomyein 1064 273 177 1515 587 468 2447 826 952 3920 1189 1137 Susceptible
Ciprofloxacin 7.40 3.64 3N 12.91 5.82 6.47 21.23 8.76 8.34 36.87 10.19 10.45 Susceptible
Amikacin 1.42 551 4.44 9.48 6.20 6.31 15.92 1.69 9.25 2422 9.63 9.14 Susceptible
S, aureus Vancomycin 6.92 4.32 471 8.10 5.82 6.15 14.72 8.76 7.30 23.98 10.73 10.90 Susceptible
29213 Oxacillin 628 472 353 1047 653 529 1467 835 995 2306 1012 962 Susceptible
Ciprofloxacin 8.89 4.06 417 9.23 5.85 6.58 13.30 1.28 712 25.71 1276 1219 Susceptible

WA: tube without antibiotic; S: tube with antibiotic at breakpoint concentration of susceptibility; R: tube with antibiotic at breakpoint concentration of resistance

Table 2 Percentage of the reduced form of resazurin obtained from collection strains with an inoculum of
10’ CFU/ml
Incubation time (minutes)
Strain tested  Antibiotic tested 75 90 105 120 Susceptibility by resazurin
WA S R WA S R WA S R WA S R
Ampicillin 19.73 5.12 592 35.04 893 9.85 45,52 11.13 11.33 5530 14.51 14.37 Susceptible
E. faecalis . i
29212 Vancomycin 20.68 4.34 4.60 38.77 9.58 9.95 47.49 9.05 9.71 58.01 15.25 15.19 Susceptible
Ciprofloxacin 20.85 5.70 5.48 36.38 8.61 8.78 43.19 10.11 9.25 57.40 13.73 12.82 Susceptible
Amikacin 1.34 6.54 7.63 10.22 8.65 8.76 2281 12.15 12.84 3197 12.13 11.54 Susceptible
S. aureus Vancomycin 6.25 6.01 6.23 12.73 10.92 10.86  24.90 11.08 1295  31.72 13.72 12.38 Susceptible
29213 Oxacillin 746 627 632 1366 968 1153 2333 1054 903 3528 1004 999 Susceptible
Ciprofloxacin 1.32 121 6.12 11.53 9.30 9.99 2437 12.57 12.88 4093 13.31 13.13 Susceptible
WA: tube without antibiotic; S: tube with antibiotic at breakpoint concentration of susceptibility; R: tube with antibiotic at breakpoint concentration of resistance
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Table 3 Percentage of the reduced form of resazurin obtained from collection strains with an inoculum of
10° CFU/ml
Incubation time (minutes)
Strain tested  Antibiotic tested 15 30 45 60 Susceptibility by
resazurin
WA S R WA S R WA S R WA S R
‘ Ampicillin 799 8.36 142 14.25 14.13 15.39 28.41 26.55 23.81 41.03 30.61 33.59 Resistant
E zfg;‘;hs Vancomycin 623 927 988 1375 1437 1321 3055 2534 2712  42.07 3338 3811 Resistant
Ciprofloxacin 7.68 7.85 7.54 12.19 14.20 14.97 33.29 34.37 30.51 47.43 45.09 44.65 Resistant
Amikacin 544 652 621 907 1287 1196 1430 1355 1471 2686  29.17 3282 Resistant
S, aureus Vancomycin 5.32 5.18 71.26 9.94 9.80 10.36 15.15 1213 15.07 27.92 27.16 31.79 Resistant
29213 Oxacillin 747 682 554 1003 1059 1228 1462 1477 1183 2912 2452 2757 Resistant
Ciprofloxacin 6.75 7.66 7.25 9.34 1018 11.95 15.46 1327 1552 30.02 3294 3376 Resistant

WA: tube without antibiotic; S: tube with antibiotic at breakpoint concentration of susceptibility; R: tube with antibiotic at breakpoint concentration of resistance

period of time are shown in table 3. With these conditions, all
collection strains tested provided an incorrect AST because all
susceptible strains to the antibiotics being incubated were able
to produce colour change. In all these cases, when the colour
red was appreciated visually, the percentage of the reduced
form of resazurin was also higher than 17%.

On the basis of the results obtained from collection
strains, the variables of the AST proposed were defined as fol-
lows: inoculum of 107 CFU/mI of staphylococci and enterococ-
ci, two hours of incubation and 0.0003% resazurin.

Results obtained from clinical strains. For validation
of the proposed AST against commercial methods, 15 clinical
strains of staphylococci and 15 of enterococci were processed.
The results of the AST performed by commercial methods
(VITEK2, MicroScan and E-test) from colonies obtained in cul-
ture plates showed 100% concordance among them. Results
obtained from clinical strains of staphylococci and enterococci
are shown in tables 4 and 5 respectively. Applying the pro-
posed method, all AST were correctly obtained. As in all oth-
er such previous cases, when the colour red was appreciated
visually, the percentage of the reduced form of resazurin was
also higher than 179%.

DISCUSSION

Recently, there has been an increased effort to develop
rapid and low-cost methods for AST. One method that meets is
resazurin. In addition, solutions of resazurin can be easily pre-
pared and, according manufacturer's manual'?, can be stored
at room temperature in the darkness for a year without los-
ing optical properties, thus requiring only a small amount of
storage space. Moreover, the results obtained with resazurin
can be interpreted easily, by naked eye or using a fluorometer
or spectrophotometer. For these reasons, resazurin could be
extensively used. On the other hand, molecular methods are
expensive and require technical equipment, and so they can be
used only in developed centres®.

Resazurin concentrations of 0.0002% and 0.0003% were
selected because absorbance values obtained during the ex-
periments were within the linearity range of the spectropho-
tometer. For the same bacterial inoculum incubated without
antibiotic, resazurin concentration values did not alter the
time needed for the bacteria to produce the colour change,
which means that the value of resazurin concentration did not
produce differences in the time required to produce the col-
our change. However, we decided to use resazurin at 0.0003%
because the intensity of the colour red produced was more in-
tense than that produced with 0.00020%.

E. faecalis ATCC 29212 and S. aureus ATCC 29213 strains
were used in the experimental design of the AST because they
have a known antibiotic susceptibility and are commonly used
in quality control of susceptibility testing. These strains, which
are susceptible to the antibiotics tested, produced a colour
change from blue to red when it were incubated with anti-
biotic at inoculums higher than 107 CFU/ml. Therefore, and an
incorrect AST was obtained since growth in each tube was in-
dicated by a colour change from blue to red (table 3). Thus, the
maximum inoculum of these strains that provided a reliable
AST was 107 CFU/ml and, as consequence, results could be ob-
tained in less than hours. Concentrations lower than 107 CFU/
ml of these strains also provided a reliable AST, but the time
needed to obtain results was more than two hours (table 1).

The proposed AST was validated with 30 clinical strains
of staphylococci and enterococci using inoculums of 107 CFU/
ml. Applying our method, a 100% concordance between the
results of susceptibility obtained by resazurin and by the com-
mercial methods (VITEK2, MicroScan and E-test) was obtained
in less than two hours (tables 4 and 5). Our results were the
same to that previously reported in enterococci tested against
vancomycin and in S. aureus tested against vancomycin, ox-
acillin and cefoxitin®'°. However, in these cases, the time re-
quired to obtain results ranged from four to six hours. This was
because bacteria were incubated with antibiotic for several
hours, later resazurin was added, and one hour or two hours
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Table 4 Percentage of the reduced form of resazurin obtained from 15 clinical strains of staphylococci
Bacteria Susceptibility Incubation time (minutes) -
(number of Antibiotic tested by commercial methods 75 90 105 120 Susceptlbll!ty
strain) (E-test MIC: mg/L) WA 5 R WA § R WA 5 R WA § R by resazurin
Amikacin Susceptible (0.06) 10.59 512 6.49 19.19 9.54 9.36 31.38 12.17 1026 39.33 13.71 12.80 Susceptible
Vancomycin Susceptible (1) 15.62 7.34 6.85 2411 1049 1021 3990 1353 1371 5077 1623 1518 Susceptible
S aureis ) Oxacillin Susceptible (0.5) 13.13 8.40 7.35 21.85 10.18 11855 3393 1244 1183 4118 1536 1637 Susceptible
Ciprofloxacin Susceptible(0.008) 1084  6.83 7.21 1994 933 1018 2846 1193 1080 3846 1287 1349 Susceptible
Amikacin Susceptible (1) 8.61 6.83 5.71 14.63 11.16 10.70  21.69 13.60 1235  33.05 15.95 14.22 Susceptible
Vancomycin Susceptible(2) 7.7 7.26 6.78 1547 1081 1163 2411 1372 1218 3581 1422 1595 Susceptible
S Oxacillin Resistant (>256) 9.45 578 6.27 11.20 12.27 11.29 1947 2088 2237 3154 2908 3321 Resistant
Ciprofloxacin Resistant (4) 8.56 1.55 7.99 13.58 13.92 14.37 18.75 1946 2029  27.74 2516  26.78 Resistant
Amikacin Susceptible (1) 3.19 3.13 4.63 9.24 10.81 9.95 15.52 12.39 1254 23.10 13.55 14.03 Susceptible
Vancomycin Susceptible(1) 4.69 4.74 5.23 8.17 8.34 8.50 12.77 9.57 9.65 2079 1389  11.94 Susceptible
S aureus 3 Oxacillin Resistant (8) 5.37 5.15 5.19 8.31 1060  9.38 1213 1121 1281 2207 1946  19.59 Resistant
Ciprofloxacin Susceptible (0.015) 6.03 427 6.30 10.56 7.88 8.91 13.73 12.97 11.28  21.11 17.57 16.14 Susceptible
Amikacin Susceptible (2) 477 495 461 8.80 7.66 6.16 1581 1033 1174 2449 1093 1226 Susceptible
Vancomycin Susceptible (1) 5.52 421 6.34 942 1.77 743 13.29 10.85 9.99 20.02 12.36 12.75 Susceptible
Y Oxacillin Susceptible (0.32) 6.25 194 5.56 10.76 9.45 9.32 16.11 12.91 11.83 2442 14.51 15.33 Susceptible
Ciprofloxacin Susceptible(0.06) 4.89 5.10 524 9.13 5.53 402 1264 728 655 1923 936  10.68 Susceptible
Amikacin Susceptible (0.015) 6.19 6.34 6.97 10.25 8.15 7.89 15.47 12.77 1179 21.22 1444 1412 Susceptible
Vancomycin Susceptible (0.5) 7.64 6.19 537 1186  7.22 1.7 1648 1409 1328 2466 1589 1341 Susceptible
S Oxacillin Susceptible(0.32) 8.19 7.83 7.21 12.68 10.99 9.95 15.26 12.43 1225 2234 1329 14.31 Susceptible
Ciprofloxacin Susceptible (1) 6.49 3.71 3.44 9.37 4.53 5.12 1374 926 9.92 1927 1311 1285 Susceptible
Amikacin Susceptible(1) 7.40 527 731 12.59 10.11 10.25 16.17 12.78 14.36 21.81 14.93 15.54 Susceptible
S, epidermidis Vancomycin Susceptible (1) 7.16 6.59 6.93 11.01 1148 8.39 15.95 8.10 1091 2028 1133 1279 Susceptible
(6) Oxacillin Resistant (8) 699 538 413 954 777 768 1242 1039 955 1923 1285 1241 Resistant
Ciprofloxacin Susceptible(0.015) 511 4.69 3.48 8.29 5.25 5.88 11.93 6.42 7.18 18.91 9.79 10.83 Susceptible
Amikacin Susceptible (0.06) 9.74 7.12 7.25 13.61 9.99 10.03 19.32 10.89 1015 2276 13.24 14.24 Susceptible
S. epidermidis Vancomycin Susceptible (0.5) 8.67 6.14 7.78 12.34 8.56 8.93 2080 1241 1171 2835 1566  14.16 Susceptible
) Oxacillin Susceptible(0.25) 8.22 5.87 6.22 13.79 7.33 6.78 19.15 9.57 9.23 2584 1233 13.58 Susceptible
Ciprofloxacin Susceptible (0.06) 9.63 476 5.83 13.37 6.93 7.19 19.10 12.32 11.81 20.39 13.12 13.79 Susceptible
Amikacin Susceptible(1) 5.70 443 439 10.24 6.54 1.32 14.66 9.57 9.33 2024 1219 12.02 Susceptible
S, epidermidis Vancomycin Susceptible (2) 6.31 691 452 9.77 8.27 816 1572 1080 1116 2201 1490 1511 Susceptible
(8) Oxacillin Resistant (>256) 6.65 718 577 11.54 1062 10.77 14.59 15.68 1432 2135 2266  20.59 Resistant
Ciprofloxacin Susceptible(1) 5.83 346 394 1072 733 742 1611 872 998 2568 1213 1441 Susceptible
Amikacin Susceptible (0.12) 4.76 3N 4.59 9.32 6.81 5.53 13.82 10.55 9.27 20.76 11.29 13.38 Susceptible
S. epidermidis Vancomycin Susceptible(1) 5.18 5.52 5.32 10.55 8.19 9.15 1565 1221 1176  21.64 1488 1547 Susceptible
€) Oxacillin Resistant (16) 321 4.63 6.25 9.78 9.53 9.48 14.81 13.37 14.51 20.17 20.64 20.25 Resistant
Ciprofloxacin Susceptible (0.03) 6.55 5.34 5.87 9.02 8.76 9.86 1335 1061 1065 2015 1333  14.66 Susceptible
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Table 4 Percentage of the reduced form of resazurin obtained from 15 clinical strains of staphylococci (cont.)
Bacteria Susceptibility Incubation time (minutes) -
(number of Antibiotic tested by commercial methods 75 90 105 120 Suscept|b|l!ty
strain) (E-test MIC: mg/L) WA S R WA S R WA § R WA S R by resazurin
Amikacin Susceptible (1) 534 3.29 394 9.43 5.34 5.27 14.49 8.45 8.13 22.59 14.61 14.17 Susceptible
S. epidermidis Vancomycin Susceptible (2) 6.72 5.39 6.41 10.29 7.23 8.40 1544 10.27 9.57 2082 1217 1328 Susceptible
(10) Oxacillin Resistant (>256) 518 5.42 5.63 10.89 10.71 11.38 14.13 1334 1380 2373 2142 2033 Resistant
Ciprofloxacin Susceptible (0.24) 7.94 6.74 591 1232 836 8.67 1628 1292 1241 2530 1593 1419 Susceptible
Amikacin Susceptible (0.5) 439 5.58 5.21 10.47 9.82 8.38 16.12 12.47 13.11 25.17 14.88 15.84 Susceptible
S. hominis Vancomycin Susceptible (1) 574 6.23 3.86 936 1047 904 1583 1335 1339 2484 1572 1573 Susceptible
(11) Oxacillin Resistant (32) 5.16 1.82 1.31 10.50 11.29 11.85 15.54 12.64 1288 2605 2595  26.46 Resistant
Ciprofloxacin Susceptible (1) 6.22 419 3.99 9.28 1051 1060 1691 1539 1523 2318 2250 2124 Susceptible
Amikacin Susceptible (1) 9.31 1.52 6.27 1591 9.23 9.49 24.77 11.32 11.82 30.22 14.96 15.17 Susceptible
S. hominis Vancomycin Susceptible (2) 11.04 7.19 6.62 1476 10.19 9.57 2232 1249 1242 3156 1613 1624 Susceptible
(12) Oxacillin Susceptible(0.125) 1073 643 784 1412 990 801 2366 1472 1315 3278 1527 1452 Susceptible
Ciprofloxacin Susceptible (0.008) 10.68 8.55 8.51 15.47 10.38 1025  22.72 12.21 1294  31.63 15.36 15.66 Susceptible
Amikacin Susceptible (0.5) 414 428 510 885 6.3 634 1253 927 1019 2045 1354 1331 Susceptible
S. hominis Vancomycin Susceptible (1) 3.36 3.69 4.72 9.26 7.26 8.93 1315 1094 977 1919 1421 1315 Susceptible
(13) Oxacillin Resistant (>256) 4.95 535 5.44 8.68 8.42 8.63 12.68 12.26 13.81 2164 2278 2063 Resistant
Ciprofloxacin Resistant (>32) 4.73 6.12 498 9.75 8.33 9.75 15.18 14.79 13.63 20.95 21.39 20.42 Resistant
Amikacin Susceptible (0.06) 1.7 8.94 7.20 19.41 10.09 1046  29.66 1294 1129 3828 15.63 15.64 Susceptible
S. lugdunensis Vancomycin Susceptible (0.5) 14.16 7.1 7.3 2255 975 1070 3031  13.11 1387 3937 1614 1537 Susceptible
(14) Oxacillin Susceptible (0.32) 15.50 8.04 9.24 20.27 11.81 1132 3327 13.23 1224 4167 14.31 14.51 Susceptible
Ciprofloxacin Susceptible(0.06) 1334 664 683 2171 953 924 3278 1144 1311 4007 1462 1574 Susceptible
Amikacin Susceptible (1) 5.49 453 4.26 11.83 5.16 8.95 16.45 897 11.81 22.13 14.57 14.63 Susceptible
S. haemolyticus Vancomycin Susceptible (0.5) 6.62 4.16 5.86 9.94 7.62 71.87 1528 1084 1238 2486 1539 1648 Susceptible
(15) Oxacillin Susceptible (0.125) 5.10 5.86 6.38 10.11 8.31 8.39 16.36 13.77 12.76 2442 16.21 15.13 Susceptible
Ciprofloxacin Susceptible (0.24) 6.75 5.48 5.63 10.25 8.95 9.28 1676 1314 1394 2574 1570 1589 Susceptible

WA: tube without antibiotic; S: tube with antibiotic at breakpoint concentration of susceptibility; R: tube with antibiotic at breakpoint concentration of resistance

later after adding resazurin, results could be interpreted. In
this study, in order to reduce the time required to perform the
AST, bacteria, resazurin and antibiotic were incubated togeth-
er. This procedure allowed us to obtain reliable results in less
than two hours in staphylococci and enterococci.

In both AST performed using collection and clinical strains,
when a colour change from blue to red was observe the per-
centage of the reduced form of resazurin was, in all cases,
higher than 17% (tables 1-5). By testing more strains, we think
that it could be possible to define a criterion of susceptibili-
ty using the optical density readings. This fact might facilitate
the automation of the assay for routine use in clinical micro-
biology laboratories because the AST could be interpreted by a
spectrophotometer.

In addition, resazurin is a potential alternative method for

performing a fast and reliable AST for other microorganisms. In
the case of Mycobacterium tuberculosis, it is possible to obtain
results with an incubation of, at least, eight days''8. In yeasts,
results can be achieved with an incubation up to 48 hours'®-2
Finally, resazurin, in a period of time ranged from 24 to 53
hours, allows determining the cytotoxicity of different drugs
against parasites, such as Leishmania spp. and Trypanosoma
cruzi =2,

Since MALDI-TOF has revolutionized clinical microbiol-
ogy laboratories due to the fact that bacterial identification
can be obtained in some minutes?, resazurin could be used
in commercial panels with a large inoculum of staphylococci,
enterococci to provide a faster AST without the need to intro-
duce another methodology in the laboratory. Moreover, given
that the change from blue (no growth) to red (growth) is ob-
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Table 5 Percentage of the reduced form of resazurin obtained from 15 clinical strains of enterococci

Incubation time (minutes)

Bacteria Susceptibility L
o . Susceptibility
(number of Antibiotic tested by commercial methods 75 90 105 120 .
. by resazurin
Straln] (E'test MIC: mglL) WA S R WA S R WA S R WA S R
Ampicillin Susceptible (0.5) 15.12 6.17 7.38 2187 1055 1138 3479 1315 1271 4541 1528 1577 Susceptible
E. faecali
‘ﬁ)m ® " Vancomycin Susceptible (1) 1531 780 713 2273 1091 926 3120 1206 1242 4098 1693 1547  Susceptivle
Ciprofloxacin Susceptible (2) 1515 527 642 2224 9.3 982 3042 1387 1329 4235 1434 1522 Susceptible
Ampicillin Susceptible (2) 13.21 7.43 6.19 19.19 11.84 10.49 29.11 13.18 1268  37.79 13.66 13.28 Susceptible
E. faecalis : . .
0 Vancomycin Susceptible (2) 12.10 6.46 6.62 18.88 9.77 9.70 27.87 12.61 10.62 35.58 15.91 14.12 Susceptible
Ciprofloxacin Resistant (>32) 14.95 13.24 14.72 20.17 21.93 2064 2833 28.32 2859 3796 3919 3427 Resistant
Ampicillin Susceptible (1) 19.48 6.44 6.81 29.63 10.23 9.79 38.39 .21 11.51 43.19 15.20 14.51 Susceptible
E. faecali
‘E;“' 5 Vancomyein Susceptible (05) 1871 626 568 2944 897 958 4119 1372 1386 5028 1689 1413 Susceptible
Ciprofloxacin Susceptible (1) 21.90 5.70 793 28.14 9.80 9.39 40.62 12.82 13.43 52.14 15.93 15.66 Susceptible
Ampicillin Resistant (>256) 12.43 8.63 8.37 2269 2154 2096 3148 3074 3211 4333 4027  39.26 Resistant
E. faecalis : . .
@ Vancomycin Susceptible (2) 11.54 7.59 6.31 20.06 10.68 1045  29.56 12.83 14.27 37.69 15.64 15.78 Susceptible
Ciprofloxacin Resistant (>32) 11.75 1070 1047 2191 22.11 2293 3067 2939 2684 3881 37.31 38.31 Resistant
Ampicillin Susceptible (2) 18.95 5.34 5.10 2428 1.25 1.02 35.18 12.58 1118 47.26 15.73 1471 Susceptible
E. faecalis . . .
6 : Vancomycin Susceptible (2) 1927 329 429 2511 5.14 576 3383 1244 994 4341 1484  13.05 Susceptible
Ciprofloxacin Susceptible (0.06) 18.96 4.12 3.12 27.74 7.85 6.88 341 10.82 1073 4549 13.62 13.48 Susceptible
Ampicillin Susceptible (1) 5.04 341 328 1251 655 775 1993 1019 1097 3384 1529 1563 Susceptible
E. faecali
‘z;]m % Vancomycin Susceptible (2) 611 436 471 1119 668 822 2084 1113 1273 3432 1568 1416  Susceptible
Ciprofloxacin Susceptible (2) 587 545 383 1365 844 781 2130 928 922 3453 1542 1431 Susceptible
Ampicillin Susceptible (1) 12.59 4.48 5.62 20.16 1.94 6.34 31.65 12.72 11.39 40.80 15.59 14.40 Susceptible
E. faecalis . . :
0) : Vancomycin Susceptible (0.5) 1256 375 397 2037 639 6.12 3226 1254 1218 4574 1438 1598 Susceptible
Ciprofloxacin Susceptible (1) 1288  5.11 464 1984 747 723 3032 1117 1059 3936 1489 1317 Susceptible
Ampicillin Resistant (16) 19.16 20.51 19.94 29.27 31.26 30.87 40.26 41.12 41.62 53.88 50.47 52.12 Resistant
E. faecali
‘Z;lw ® Vancomycin Susceptible (2) 2048 442 437 2812 731 855 4357 1148 1079 5655 1478 1529 Susceptible
Ciprofloxacin Resistant (>32) 18.84 19.18 1928 3155 2812 2826 4440 4023 3982 51.47 49,51 51.66 Resistant
Ampicillin Susceptible(1) 534 573 5.85 11.76 8.42 8.40 19.78 10.92 11.58  32.75 15.92 14.53 Susceptible
E. faecalis . . .
o) Vancomycin Susceptible (1) 4.79 4.50 3.13 12.33 8.67 7.48 20.94 12.11 12.93 29.28 14.49 15.46 Susceptible
Ciprofloxacin Susceptible (1) 6.32 5.13 4.80 1069 9.29 6.57 1812 1127 914 3032 1677 1423 Susceptible
Ampicillin Susceptible (2) 12.97 8.71 5.17 20.28 10.97 9.24 31.38 12.16 11.98 4268 16.12 14.79 Susceptible
E. faecalis . . .
(10) : Vancomycin Susceptible(2) 13.73 6.93 7.85 2062 1134 9.5 3072 1248 1221 4543 1528 1536 Susceptible
Ciprofloxacin Susceptible(0.5) 13.22 8.39 892 21.59 10.74 11.84 3647 11.53 1255 4929 13.86 13.27 Susceptible
Ampicillin Resistant (>256) 20.82 20.68  21.17 32.27 3326 3331 4429 4094  40.89 5213 49.77 47.15 Resistant
E. faecium . . A
(1) Vancomycin Susceptible(2) 2245 5.27 529 32.58 8.75 7.19 45.64 9.11 11.29 57.41 13.63 13.71 Susceptible
Ciprofloxacin Susceptible (2) 2026 559 442 3374 799 752 4057 1284 1074 5018 1595 1223 Susceptible
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Table 5 Percentage of the reduced form of resazurin obtained from 15 clinical strains of enterococci (cont.)
Bl Susceptibility Incubation time (minutes) —
(number of Antibiotic tested by commercial methods 75 90 105 120 P .y
: by resazurin
strain) (E-test MIC: mg/L) WA 5 R WA S R WA 5 R WA S R
Ampicillin Resistant (>256) 11.88 10.36 1216 2098 19.83 19.83  32.88 3043 2928 4416  39.33 41.34 Resistant
E. faecium . . .
" 2]' ) Vancomycin Susceptible (2) 1278 533 710 1926 819 846 3127 1181 1210 4084 1428 1511  Susceptible
Ciprofloxacin Susceptible (1) 10.27 6.41 4.35 22.03 8.64 9.28 30.14 12.59 13.64 4358 15.13 15.67 Susceptible
Ampicillin Resistant (>256) 1919 1826 1893 2934 2867 2715 3812 3515 3649 4776 4834 4824 Resistant
E. faecium . . i
1) Vancomycin Susceptible (1) 2032 647 554 3226  9.86 872 3688 1241 1226 4695 1472 1648 Susceptible
Ciprofloxacin Susceptible (1) 2297 435 433 3357 729 10.16 4014 1167 1175 5028 1576  15.71 Susceptible
Ampicillin Susceptible (0.5) 11.43 8.83 1.87 19.26 10.45 10.64 2881 12.72 13.19 35.81 15.84 16.65 Susceptible
E. faecium . . .
(1) Vancomycin Susceptible (2) 1299 1027 1122 1883 1217 1258 2942 1313 1464 3843 1621 1518 Susceptible
Ciprofloxacin Susceptible (1) 1055  9.34 923 2252 1159 1244 3228 1346 1382 4011 1644 1638 Susceptible
Ampicillin Susceptible (1) 11.63 6.28 1.22 22.58 10.30 9.71 3327 13.12 11.63 40.35 14.18 15.63 Susceptible
E. faecium . . .
(15) Vancomycin Susceptible (1) 1177 563 748 2003 829 862 3484 1246 1282 4471 1523 1352 Susceptible
Ciprofloxacin Susceptible (0.06) 12.31 1.47 7.59 25.72 10.88 9.16 33.93 11.39 1225 4211 13.42 15.38 Susceptible

WA: tube without antibiotic; S: tube with antibiotic at breakpoint concentration of susceptibility; R: tube with antibiotic at breakpoint concentration of resistance

vious, even for wells with reduced or smalls rates of growth,
resazurin could overcome problems frequently encountered in
conventional broth microdilution tests, such as inoculums sed-
imentation or very scant or transparent growth, which occur
with some species of bacteria’.
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