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Abstract

Background: Nocardia species are ubiquitous in natural environments and can cause nocardiosis. In the present
study, the use of Resazurin salt and Spectrophotometry were proposed as alternative methods to reduce subjectivity
in the interpretation of susceptibility results to antimicrobials by the broth microdilution method for Nocardia spp.

Results: The susceptibility of Nocardia spp. isolates to Amikacin, Ciprofloxacin, Minocycline and Trimethoprim-Sul-
famethoxazole was evaluated by Minimum Inhibitory Concentration (MIC) determinations by the broth microdilution
method. To verify cellular growth, the colour-changing dye Resazurin was applied, the Optical Densities were meas-
ured on a spectrophotometer, and both were compared to Clinical and Laboratory Standards Institute (CLSI) Gold
Standard method (visual MIC determination). Percentages of essential and categorical agreements and interpretative
categorical errors were calculated within each method (intra-reading) and between them (inter-reading). The Gold
Standard visual reading demonstrated 100% of essential and categorical intra-reading agreements for Amikacin, and
there was no error when compared with the alternative methods. For Ciprofloxacin, the comparison between the
Gold Standard and the Spectrophotometric reading showed 91.5% of essential agreement. In the categorical intra-
reading analysis for Minocycline, there were 88.1 and 91.7% in the Gold Standard and in the Spectrophotometric read-
ings, respectively, and 86.4% of concordance between them. High rates of categorical agreement were also observed
on the Trimethoprim-Sulfamethoxazole analyses, with 93.7% for the Gold Standard, 84.9% for the Resazurin readings,
and 80.5% between them.

Conclusions: The alternative methods with Resazurin and Spectrophotometric readings showed high agreement
rates with the Gold Standard.
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Background

The genus Nocardia sp. is a large group of gram-positive
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also includes Mycobacterium, Corynebacterium, Gordona
and Tsukamurella [1, 2].

Several species of Nocardia can cause disease in
humans, with a wide spectrum of clinical manifestations.
In immunocompetent individuals, nocardiosis commonly
occurs after traumatic inoculation of the microorgan-
ism, while the respiratory tract is often the initial site of
infection in the immunocompromised [3]. Despite being
potentially fatal as an opportunistic disease, the preva-
lence of nocardiosis is unknown in most countries, as it is
not compulsorily notified. Additionally, the identification
of Nocardia is challenging. These bacteria grow in spe-
cific media for mycobacteria and form partially acid-fast
beaded branching filaments, similarly to mycobacteria,
which frequently results in Nocardia being mistaken for
Mycobacterium [4].

The identification of the species is necessary for an ade-
quate treatment, but its effectiveness may depend on the
antimicrobial susceptibility profile, widely diverse among
Nocardia spp. Since nocardiosis can be fatal in the
absence of treatment and there were reports of Nocar-
dia resistance to sulfonamides, the susceptibility testing
becomes even more important. In addition, there are
new antibiotic agents that could be even more effective
than the usual sulfonamide treatment [5, 6].

The Clinical and Laboratory Standards Institute (CLSI)
currently recommends the Broth Microdilution (BMD)
method to determine the Minimum Inhibitory Concen-
trations (MIC) of antimicrobial agents to establish the
susceptibility of Nocardia spp. isolates [7]. However,
Brown-Elliott et al. [8] already addressed the subjectivity
in the visualization and interpretation of BMD method
results. As an effort to reduce this bias, some reports
applied the Resazurin, a blue reagent that changes to pink
when reduced to resorufin because of the growth of cul-
tured cells, such as bacteria and fungi [9-11]. Likewise,
spectrophotometric readings of Optical Densities (OD)
were also used to diminish subjective interpretation of
BMD method results [12—14].

In the present study, the application of Resazurin and
OD readings were investigated as alternative methods
that could reduce subjectivity in the interpretation of
susceptibility to antimicrobials testing on Nocardia spp.
by broth microdilution assay.

Results

The Nocardia spp. isolates were evaluated in this study
by the BMD method, and the use of Resazurin salt (visu-
ally determined MIC with Resazurin) and the OD read-
ing (spectrophotometric determined MIC by ODs) were
evaluated as alternative methods of result reading in
comparison with the Gold Standard visual reading (CLSI
recommended method with visually determined MIC).
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The susceptibility profile of the evaluated Nocardia
isolates, with respective modal MIC and ranges for
Amikacin (AMK), Ciprofloxacin (CIP), Minocycline
(MIN), and Trimethoprim-Sulfamethoxazole (TMP-
SMX) by BMD method are presented on Table 1. Fif-
teen isolates were analyzed and most were susceptible
to the evaluated antimicrobial drugs; four and ten iso-
lates were resistant to MIN and to CIP, respectively.

The percentages of Essential (MIC values) and Cat-
egorical (susceptibility classification) Agreements were
calculated for intra- (same reading method, independ-
ent assays) and inter-reading (different reading meth-
ods, same assay) comparisons, considering +1 two-fold
dilution for concordant results. The Pearson Corre-
lation Coefficients (Pearson’s r) and respective 95%
Confidence Intervals (95% CI) were determined on the
inter-reading methods comparisons of MIC values. The
Pearson’s r-values range from - 1 to + 1: values from 0
to + 1 indicate a positive correlation, from 0 to - 1 indi-
cate a negative correlation, and 0.0 indicates no cor-
relation at all. P-values of <0.05 indicate a significant
correlation (Table 2).

The percentages of Essential Agreement (EA) for the
three drugs on both intra- and inter-reading compari-
sons were higher than 80.0%, and there were positive and
significant correlations between the Gold Standard and
both alternative methods, Resazurin and OD readings
(P <0.0001 for all comparisons). The EA percentages for
CIP assays between the Gold Standard and the Resazurin
readings, and between the Gold Standard and the OD
readings were 90.7 and 89.4%, respectively. For the AMK
assays, all three reading methods showed 100% of Cat-
egorical Agreement (CA) in both intra- and inter-reading
comparisons (Table 2).

For the CA, discrepancies of classification were calcu-
lated as percentages of errors defined as: Minor error, an
intermediate result in the alternative assay and a resist-
ant or susceptible result in the Gold Standard method, or
vice-versa; Major error, a susceptible result in the Gold
Standard method, but resistant in the alternative assay
(false resistance); and Very Major error, a resistant result
in the Gold Standard method, but susceptible in the
alternative assay (false susceptible). Acceptable error lev-
els were <10% for Minor, < 3.0% for Major, and <1.5%
for Very Major errors [14].

There were no categorical errors on the results of
AMK. For CIP, on the other hand, 0.85% of Very Major
errors were observed between the Gold Standard and the
Resazurin readings, and 1.52% of Major errors between
the Gold Standard and the OD readings. For the MIN
assays, there were no Very Major and Major errors in the
inter-reading comparisons, and the percentage of Minor
errors ranged from 12.3 to 14.4% (Table 2).
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Table.1 Reading methods results of MIC and susceptibility from broth microdilution assays for Nocardia spp. isolates
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Isolates Drugs Visual Readings OD Readings
Gold Standard With Resazurin
Modal MIC (range)  ?Susc.(%) Modal MIC (range)  2Susc.(%) Modal MIC (range)  ?Susc. (%)
N. brasiliensis-83 AMK 0.5 (0.5-2.0) 100.0 0.5 (0.5-1.0) 100.0 1.0 (0.5-1.0) 100.0
cIp 0.12(0.12) 100.0 0.12(0.12) 100.0 0.12(0.12) 100.0
MIN 8.0 (4.0-16.0) 0.0 4.0 (4.0-8.0) 0.0 4.0(2.0-8.0) 0.0
TMP-SMX .5(0.12-2.0) 100.0 .0(0.25-8.0) 375 0.25 (0.12-0.5) 100.0
N. brasiliensis-95 AMK .5(0.5-1.0) 100.0 0(0.5-2.0) 100.0 1.0 (0.5-1.0) 100.0
cIp 0 (4.0 0.0 0 (4.0 0.0 4.0 (2.0-4.0) 0.0
MIN 1.0(0.25-1.0) 100.0 0.5(0.25-2) 90.0 1.0 (0.5-1.0) 100.0
TMP-SMX  0.12 (<0.12-0.5) 100.0 0.12(0.12-2) 100.0 0.12 (<0.12-2.0) 100.0
N. brasiliensis-129 AMK 1.0 (0.5-1.0) 100.0 2.0 (2.0-4.0) 100.0 1.0 (1.0-2.0) 100.0
cip 40 (4.0) 0.0 40 (4.0) 0.0 4.0 (2.0-4.0) 0.0
MIN 0.5 (0.25-1.0) 100.0 1.0 (0.25-1.0) 100.0 0.5 (0.25-1.0) 100.0
TMP-SMX  0.25 (0.12-0.5) 100.0 0.25(0.25-1.0) 100.0 0.25(0.25-1.0) 100.0
N. brasiliensis-514 AMK 0.5 (0.5-1.0) 100.0 0.5 (0.5-1.0) 100.0 0.5(0.5-4.0) 100.0
ClP 0.12(0.12) 100.0 0.12(0.12) 100.0 0.12(0.12) 100.0
MIN 40 (4.0-16.0) 0.0 8.0 (4.0-8.0) 0.0 4.0 (2.0-8.0) 0.0
TMP-SMX .0(0.25-8.0) 62.5 .0(2.0-32.0) 14.3 0.12(0.12-8.0) 87.5
N. brasiliensis-519 AMK .5(0.5) 100.0 .5(0.5-1.0) 100.0 1.0 (0.5-1.0) 100.0
cip 0(1.0-2.0) 50.0 .0 (1.0-2. O) 714 20(2.0) 0.0
MIN 0.5 (0.06-1.0) 100.0 1.0 (0.12-2.0) 80.0 0.25 (0.06-0.25) 100.0
TMP-SMX  0.12(0.12-0.25) 100.0 0.12(0.12-1.0) 100.0 0.12(0.12-0.25) 100.0
N. brasiliensis-608 AMK 2.0(0.5-2.0) 100.0 2.0(0.5-2.0) 100.0 20(2.0) 100.0
cIp 4.0(0.12-32.0) 222 4.0 (2.0-4.0) 0.0 4.0(0.12-4.0) 333
MIN 0.06 (0.06-0.12) 100.0 0.06 (0.06-0.5) 100.0 0.06 (0.06-0.12) 100.0
TMP-SMX 1.0 (0.25-1.0) 100.0 0.5 (0.12-1.0) 100.0 0.25 (0.12-025) 100.0
N. brasiliensis-775 AMK 0.5 (0.5-1.0) 100.0 .5 (0.5-1.0) 100.0 1.0 (0.5-1.0) 100.0
cp 4.0 (4.0) 0.0 0(4.0) 0.0 4.0 (4.0) 0.0
MIN 0.06 (0.06-0.5) 100.0 .0(0.06-1.0) 100.0 0.06 (0.06-0.25) 100.0
TMP-SMX 1.0 (0.12-1.0) 100.0 0(0.25-4.0) 66.7 0.25(0.25-1.0) 100.0
N. brasiliensis-865 AMK 1.0 (0.5-2.0) 100.0 0(1.0-2.0) 100.0 0.5 (0.5-2.0) 100.0
cIp 4.0(0.25-8.0) 11.1 4.0 (2.0-4.0) 0.0 4.0 (2.0-4.0) 0.0
MIN 0.5 (0.5-1.0) 100.0 0.12(0.06-0.12) 100.0 1.0 (0.5-1.0) 100.0
TMP-SMX  0.12(0.12-0.25) 100.0 0.12(0.12) 100.0 0.12(0.12-0.25) 100.0
N. farcinica-935 AMK 0.5 (0.5-1.0) 100.0 1.0 (0.5-2.0) 100.0 0.5 (0.5-1.0) 100.0
cIp 64.0 (32.0-64.0) 0.0 64.0 (32.0-64.0) 0.0 16.0 (16.0-32.0) 0.0
MIN 0.12 (0.06-1.0) 100.0 0.06 (0.06-2.0) 916 0.06 (0.06-0.12) 100.0
TMP-SMX 1.0 (0.25-4.0) 833 4.0 (0.25-8.0) 41.6 0.25 (0.25-1.0) 100.0
N. otitidiscaviarum-779 ~ AMK 0.5 (0.5-1.0) 100.0 0.5 (0.5-1.0) 100.0 0.5 (0.5-1.0) 100.0
cIp 4.0 (4.0-64.0) 0.0 8.0 (8.0-16.0) 0.0 8.0 (1.0-4.0) 333
MIN 0.06 (0.06-0.25) 100.0 0.06 (0.06-1.0) 100.0 0.06 (0.06-0.25) 100.0
TMP-SMX 0.5 (0.25-0.5) 100.0 0.5 (0.25-8.0) 62.5 0.5(0.12-1.0) 100.0
N. asteroides-788 AMK .5(0.5-1.0) 100.0 0(0.5-2.0) 100.0 0.5(0.5) 100.0
clp 5(0.25-2.0) 100.0 0.5 (0.5-2.0) 100.0 0.25(0.25-1.0) 100.0
MIN .0(2.0-4.0) 0.0 0(4.0-8.0) 0.0 2.0 (2.0-4.0) 0.0
TMP-SMX 0(0.25-4.0) 75.0 0(0.25-32.0) 50 0.25 (0.12-0.5) 100.0
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Table.1 (continued)
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Isolates Drugs Visual Readings OD Readings
Gold Standard With Resazurin
Modal MIC (range)  ?Susc.(%) Modal MIC (range)  2Susc.(%) Modal MIC (range)  ?Susc. (%)

N. otitidiscaviarum-937  AMK 0.5 (0.5-1.0) 100.0 0.5-1.0(1.0) 100.0 0.5(0.5-1.0) 100.0
cp 2.0(1.0-2.0) 222 2.0 (2.0-4.0) 0.0 2.0(0.25-2.0) 286
MIN 0.06 (0.06-0.12) 100.0 0.06 (0.06-1.0) 100.0 0.06 (0.06-0.25) 100.0
TMP-SMX 1.0 (0.25-1.0) 100.0 1.0 (0.25-2.0) 100.0 0.25 (0.12-0.5) 100.0

N. beijingensis-1180 AMK 0.5 (0.5-1.0) 100.0 0.5(0.5-1.0) 100.0 0.5(0.5) 100.0
clp 2.0 (2.0-4.0) 0.0 4.0 (2.0-4.0) 0.0 2.0 (2.0-8.0) 0.0
MIN 1.0 (0.5-2.0) 60.0 1.0 (1.0-2.0) 90.0 2.0 (1.0-4.0) 30.0
TMP-SMX  0.12 (0.12-0.25) 100.0 0.12 (0.12-0.25) 100.0 0.12(0.12-1.0) 100.0

N. beijingensis-1181 AMK 0.5 (0.5-1.0) 100.0 0.5 (0.5-1.0) 100.0 0.5 (0.5-1.0) 100.0
cp 4.0(1.0-4.0) 9.1 4.0 (0.12-8.0) 20.0 4.0 (2.0-4.0) 0.0
MIN 1.0 (0.5-2.0) 60.0 1.0 (0.5-2.0) 66.6 2.0(1.0-4.0) 20.0
TMP-SMX  0.12 (0.12-0.25) 100.0 0.12 (0.12-0.25) 100.0 0.12 (0.12-0.5) 100.0

N. farcinica-2901 AMK 1.0 (1.0-2.0) 100.0 2.0 (2.0-4.0) 100.0 1.0(1.0) 100.0
cip 0.25 (0.25) 100.0 0.5 (0.25-4.0) 85.7 0.25 (0.25) 100.0
MIN 2.0(2.0) 0.0 2.0(2.0) 0.0 2.0(1.0-2.0) 50.0
TMP-SMX 8.0 (4.0-8.0) 0.0 16.0 (16.0) 0.0 1.0 (0.5-1.0) 100.0

2 Percentage of Susceptibility

The Disk Diffusion test is recommended by the CLSI  Discussion

[7] to confirm MIC results from Nocardia spp. isolates
with breakpoints at the limit between antimicrobial
susceptibility and resistance, for there is no classifica-
tion of intermediate resistance for TMP-SMX. Forty-
four assays were performed with Nocardia spp. isolates
and all were susceptible to this drug. In addition, the
inter-reading comparison between the Gold Stand-
ard and the Disk Diffusion tests showed 97.7% of Cat-
egorical Agreement, and 2.27% of Very Major errors
(Table 3).

For TMP-SMX, the Essential Agreements, the Pear-
son’s r-values with 95% CI, the Categorical Agree-
ments and Errors were calculated for the intra- and
inter-reading methods comparisons considering =+1
and 2 two-fold dilutions for concordant results. The
percentages of EA on both intra- and inter-reading
comparisons increased when 2 two-fold dilutions
were considered, nevertheless, the Pearson’s r-values
were significant on all comparisons (P <0.0001). The
inter-reading comparison between the Gold Stand-
ard and the OD readings showed 91.7% of CA with
+1 two-fold and 93.9% with £2 two-fold dilutions.
Despite of CA being greater than 90%, the percentage
of Very Major errors for £1 two-fold and £ 2 two-fold
dilutions were 8.33 and 6.06%, respectively (Table 3).

The broth microdilution test determines the MIC of
an antimicrobial agent, however, the interpretation of
results is still challenging for isolates of Nocardia spp.
The results are visually determined, and therefore, sub-
jective and more prone to errors by laboratory techni-
cians [15].

If there is doubt about the MIC results of TMP-SMX
by the broth microdilution method, CLSI recommends
the Disk Diffusion test to be performed [7]. In fact, we
found difficult to determine the susceptibility classifica-
tion of the N. brasiliensis-514 isolate by the broth micro-
dilution method, with MICs varying between susceptible
and resistant ranges. Hence, the Disk Diffusion test was
employed and it was easy to read and to determine this
isolate as susceptible for TMP-SMX.

The Resazurin readings in this study determined the
MIC after 72h of incubation, and resulted on the resist-
ance to CIP of N. otitidiscaviarum and N. beijingen-
sis, as well as the susceptibility to AMK and TMP-SMX
of all isolates. These data are similar to that previously
reported on Nocardia spp. isolates and the use of Alamar
Blue [16], which is a commercial dye solution of Resa-
zurin [17]. We also showed high percentages of Cat-
egorical Agreement between the Gold Standard and the
Resazurin readings (71.7-100%), corroborating with the
statement from Zhao et al. that the test is cheap and reli-
able and its application in Nocardia sp. could improve
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Table 2 Agreements (%) on comparisons within and between reading methods for BMD of Nocardia spp. isolates
Drugs Agreement Gold Standard Resazurin oD
AMK Essential Intra-reading 984 97.6 98.3
%Inter-reading —_— 90.8 99.2
2bpearson'’s r (95% Cl) —_— 0.50 (0.36-0.63) 0.92 (0.88-0.94)
Categorical Intra-reading 100.0 100.0 100.0
*Inter-reading — 100.0 100.0
“Errors: Very Major —_— 0.0 0.0
Major — 0.0 0.0
Minor —_— ‘na. ‘na.
cIp Essential Intra-reading 91.7 944 934
?Inter-reading —_— 90.7 894
2bpearson’s r (95% Cl) e 0.69 (0.58-0.77) 0.82 (0.76-0.87)
Categorical Intra-reading 82.7 88.1 779
’Inter-reading —_ 737 75.0
?Errors: Very Major —_— 0.85 379
Major E— 4.24 152
Minor e 212 19.7
MIN Essential Intra-reading 87.2 788 915
%Inter-reading —_— 80.0 93.8
abpearson’s r (95% Cl) e 0.90 (0.86-0.92) 0.90 (0.87-0.93)
Categorical Intra 88.0 89.8 91.5
*Inter —_— 85.6 87.7
2Errors: Very Major —_— 0.0 0.0
Major E— 0.0 0.0
Minor E— 144 123
2 Compared with the Gold Standard
b P <0.0001 for all comparisons
“Not applicable
Table.3 Agreements within and between susceptibility assays of Nocardia spp. isolates with TMP-SMX
Agreement ?Broth Microdilution Method Disk Diffusion
Gold Standard Resazurin oD
+1 +2 +1 +2 +1 +2
Essential
Intra-reading 82.0 97.0 73.1 88.5 81.8 93.9 %na.
PInter-reading o o 71.7 89.8 75.0 88.6 Ina.
bPearson’s r — — 050 042 036 044 Ina.
(95% CI) (0.36-0.62) (0.26-0.55) (0.20-0.45) (0.30-0.57)
Categorical
Intra-reading 955 88.5 86.2 86.2 99.2 97.0 100.0
PInter-reading — — 81.1 913 91.7 939 97.7
bVery Major Errors — e 0.0 0.0 8.33 6.06 227
bMajor Errors —_— e 189 8.66 0.0 0.0 0.0

2 BMD method concordant results considering £1 or & 2 two-fold dilutions

b Compared with the Gold Standard BMD method
€P <0.0001 for all comparisons

9 Not applicable
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the international standardization of susceptibility testing
methods [16].

The comparisons between the Gold Standard and
the OD readings showed high percentages of Essential
(75.0-99.2%) and Categorical (75.0-100%) Agreements.
Similarly, Meletiadis et al. demonstrated that the Euro-
pean Committee on Antimicrobial Susceptibility Testing
(EUCAST) spectrophotometric MIC determination for
antifungal susceptibility testing with Aspergillus spp. iso-
lates was in excellent Essential (92-97%) and Categorical
(93-99%) Agreements with the visual MIC determina-
tion [14].

To the best of our knowledge, there are no studies using
Spectrophotometry (OD readings) for Nocardia spp., but
our results demonstrate its applicability for these bacte-
ria, as it is currently used for fungal agents.

EUCAST, unlike CLSI, does not have a specific rec-
ommendation or defined breakpoints for Nocardia sp.,
however, their documents are free of charge and easily
accessible to clinical laboratories for other microorgan-
isms. CLSI documents, on the other hand, are only avail-
able through a costly payment, which can restrict their
access and hinder their use by emerging countries. We
showed that the use of Resazurin and Spectrophotometry
could help defining a novel document and breakpoints
for Nocardia spp. isolates.

The small number of Nocardia spp. isolates and evalu-
ated drugs were the main limitations of this study. Nev-
ertheless, the results herein disclosed the promising use
of Resazurin and OD readings in future investigations on
antimicrobial susceptibility of Nocardia spp. isolates.

Conclusions
Our data suggest that Resazurin and Spectrophotom-
etry are efficient, reproducible and easy-to-use alterna-
tive methods for determining the susceptibility profile of
Nocardia spp.

Methods

Nocardia spp. isolates and ATCC strain

Nocardia spp. isolates from the Collection of Cultures of
the Laboratory of Medical Research in Mycology (LIM53)
were included in this study (n =15; Table 1). Eight iso-
lates were identified in a previous study [4] and the
other seven Nocardia beijingensis(N. beijingensis)-1180
(MW348983), N. beijingensis-1181 (MW 348984),
Nocardia brasiliensis(N. brasiliensis)-95 (MW348931),
N. brasiliensis-129 (MW348933), N. brasiliensis-519
(MW348935), Nocardia farcinica(N. farcinica)-788
(MW 348936), and N. farcinica-2901 (MW348955) were
identified by Gram and Ziehl Neelsen staining methods,
morphological characteristics and molecular sequencing.
A 606bp fragment of the 165 rRNA gene was amplified
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with the primers Nocl (5-GCTTAACACATGCAAGTC
G-3') and Noc2 (5'-GAATTCCAGTCTCCCCTG-3'),
and sequenced as previously described [18]. The species
was confirmed by comparing them against type strain
sequences with the BLAST algorithm v.2.2.10 (http://
www.ncbi.nlm.nih.gov/BLAST). Similarity values of
>98.0% for 16S rRNA were deemed to indicate the same
species.

CLSI-recommended quality control ranges for Ami-
kacin (AMK), Ciprofloxacin (CIP), Minocycline (MIN)
and Trimethoprim-Sulfamethoxazole (TMP-SMX) were
performed by using a strain of Staphylococcus aureus (S.
aureus ATCC 29213) [7]. Nocardia spp. isolates were cul-
tured on Tryptone Soy Agar (TSA; Kasvi, Italy) at 35°C
for 7 days and the ATCC strain was also cultured on TSA
at 35°C for 24 h.

Resazurin solution

The 0.01% Resazurin solution was prepared by dissolving
the powder dye (Sigma-Aldrich, Munich, Germany) in
1x PBS, pH7.2 (Life Technologies, Carlsbad, CA, USA).
After complete dissolution, the solution was sterilized by
a 0.22 um membrane filtration, stored at 4°C, protected
from light, and used within 3 days.

Antimicrobial solutions

The antimicrobial solutions were prepared as recom-
mended by the CLSI document M100-524 [19]. Briefly,
each antimicrobial agent (all from Sigma-Aldrich,
Munich, Germany) was dissolved and diluted sepa-
rately: AMK and MIN were dissolved and diluted in
water; CIP was dissolved in Hydrochloric Acid 0.1N
and diluted in water; TMP was dissolved in Lactic Acid
0.05M and diluted in warm water; and SMX was dis-
solved in Sodium Hydroxide 2.5M and diluted in water.
The drugs were two-fold serially diluted in CAMHB in
96-well microplates (100 puL/well; flat-bottomed cell cul-
ture microplates from Corning, Durham, NC, USA) at
the following concentration ranges: 0.5-256.0mg/L for
AMK, 0.12-64.0mg/L for CIP, 0.06—32.0mg/L for MIN,
and 0.12-64.0/2.37-1216.0mg/L for TMP-SMX. The
microplates were frozen at — 80°C until use.

Antimicrobial susceptibility test

The MICs were determined by the BMD method, accord-
ing to CLSI document M24 for Nocardia [7]. Briefly,
inoculum suspensions for each Nocardia isolate were
prepared by dissolving the bacterial content with saline
and glass microbeads (Sigma Aldrich, Munich, Ger-
many), vortexing vigorously and then allowing it to pre-
cipitate for 10 to 15min. The concentration was adjusted
by dilution on Cation-Adjusted Mueller-Hinton Broth
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(CAMHB; Becton Dickinson and Company, Sparks, MD,
USA).

Medium control wells had 200uL/well of drug-free
CAMHB, and inoculum control wells had 100 puL/well of
drug-free CAMHB and 100pL/well of bacterial inocu-
lum. All the other wells were inoculated with 100 pL/well
of bacterial inoculum on microplates with antimicrobial
solutions, previously prepared. Microplates were incu-
bated in a moist chamber at 35°C.

Following incubation of 24h, 20 uL/well of 0.01% ster-
ile resazurin solution were added to all wells and micro-
plates were re-incubated for 48 h for colour development.
A change in colour from blue to pink indicated bacterial
growth.

The ATCC strain inoculum suspension was prepared
as described for Nocardia isolates, except for the incuba-
tion period. After incubation for 17h, 20 uL/well of 0.01%
sterile resazurin solution were added to all wells and the
microplates were re-incubated for more 3h for colour
development.

Following the stablished incubation periods for the
ATCC strain (17 and 20h) and for Nocardia isolates (48
and 72h), the microplates were evaluated by the Gold
Standard visual reading without any dye, the visual read-
ing with Resazurin, or by OD readings without any dye,
at 560nm in the Versa Max Microplate Reader spectro-
photometer (Molecular Devices, Sunnyvale, CA, USA).

Quality control

Growth in medium control wells indicated contamina-
tion or absence of growth in inoculum control wells
indicated unviability of the isolate, and the correspond-
ing assay was discarded. At least two wells were matched
among the triplicates for a valid result.

Disk diffusion test

The Disk Diffusion test was performed with the isolates
suspensions, prepared as described on M24 CLSI docu-
ment for Nocardia [7], and plated on 90-mm-diameter
Mueller-Hinton agar plates (DME, Aracatuba, SP, Bra-
zil). Antimicrobial disks of TMP-SMX (25.0pg; Sensi-
disc, DME, Aracatuba, SP, Brazil) were then placed on
the agar, and the plates were incubated at 35°C for 3 to
5days. Interpretive categories of Disk Diffusion results
for Nocardia spp. isolates were based on the M24 CLSI
document: a zone of >35mm indicated susceptibility,
and a zone of <15mm indicated resistance.

Analysis

For the visual interpretation of the results, the MIC well
was determined by its comparison with medium and
inoculum drug-free control wells. The MIC well was the
one with the lowest drug concentration that prevented
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the bacterial growth and the colour change within the
incubation period, being similar to the medium control
well (no visible growth and blue with Resazurin). The
inoculum with drug and the inoculum control drug-free
wells should show visible growth and should be pink with
resorufin. For the spectrophotometric readings, the per-
centages of bacterial growth were calculated with the fol-
lowing eq. [20]: bacterial growth percentage (%)= (OD
from the inoculum with drug well - the OD from the
medium control well) / (OD from the inoculum control
drug-free well - OD the OD from the medium control
well) x 100. The MIC well was the one with the lowest
drug concentration with <10% of bacterial growth [14].

The Pearson Correlation Coefficients (Pearson’s r) and
respective 95% Confidence Intervals (95% CI) were deter-
mined by the Prism 5.01 statistical software (GraphPad,
San Diego, CA, USA).
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