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Background & objectives: Methicillin resistant Staphylococcus aureus (MRSA) remains a major cause of 
health care-associated infections. Rapid detection of MRSA facilitates the early initiation of appropriate 
treatment and infection control. Hence, the present study was undertaken to standardize and evaluate 
the performance of rapid colorimetric nitrate reductase assay (NRA) for determining methicillin 
resistance in S.aureus. 
Methods: A total of 160 clinical isolates of S. aureus, (80 each of methicillin susceptible and methicillin 
resistant) were included in the study. Minimum inhibitory concentration (MIC) was determined by NRA 
and reference broth micro dilution (BMD) methods. Results of NRA were compared with BMD and 
analyzed.
Results: For MRSA, the MIC values ranged from 4 to ≥ 16 μg/ml and for MSSA, ≤ 0.5 to 2 μg/ml. 
Category and essential agreement for NRA as compared with BMD were found to be 99.4 and 89.7 per 
cent, respectively. No minor or major discrepancy was observed. A single resistant isolate showed very 
major discrepancy.
Interpretation & conclusions: Colorimetric NRA being an inexpensive test requiring no special equipment 
can be employed as an alternative method for rapid detection of MRSA in resource limited settings.
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 Methicillin resistant Staphylococcus aureus 
(MRSA) is known to be a major cause of healthcare-
associated infections and also community-acquired 
infections despite the availability of effective preventive 
and therapeutic strategies. Methicillin resistance in S. 
aureus is mediated by the production of PBP2a protein, 
an altered penicillin-binding protein with lower affinity 
for beta-lactam antibiotics than PBP2, which is encoded 
by the mecA gene1. Though several methods for MRSA 

detection have been developed, these are either slow 
or not sufficiently sensitive or specific2. Cefoxitin disc 
diffusion and oxacillin screen agar are the currently 
recommended phenotypic methods by the Clinical 
and Laboratory Standards Institute (CLSI), where the 
results are available only after 24 h3. Although this 
may not have serious impact on patient management in 
most cases, yet such a delay may worsen the outcome 
in life-threatening infections like sepsis, endocarditis, 



meningitis, osteomyelitis, and catheter-related 
infections. In such situations, rapid identification of 
MRSA is of paramount importance. The two rapid tests 
which are widely employed in developed countries, are 
PCR for mecA gene4 and latex agglutination test for 
PBP2a4, but these are not affordable in most resource 
limited laboratories.

 Determining the minimum inhibitory concentration 
(MIC) values by the reference broth micro dilution 
(BMD) method is inexpensive but laborious and time 
consuming. The colorimetric nitrate reductase assay 
(NRA) combines the rapidity of PCR and low cost 
of BMD5. NRA is a biochemical test based on the 
reduction of nitrate to nitrite by viable bacteria and a 
colour change produced by the addition of a reagent. 
NRA has been extensively evaluated in the past for the 
drug susceptibility in Mycobacterium tuberculosis6. 
In addition to NRA, other colorimetric tests like XTT 
[2, 3-bis-(2-methoxy-4-nitro-5-sulphophenyl)-2H-
tetrazolium-J-carboxanilide] assay, which is based on 
the reduction of a tetrazolium salt has been developed 
and evaluated for rapid antimicrobial susceptibility 
testing in Pseudomonas aeruginosa7. The present 
study was carried out to standardize and evaluate the 
performance of NRA in comparison with BMD and 
PCR to detect the methicillin resistance among clinical 
isolates of S. aureus.

Material & Methods

 The study was carried out in the department of 
Microbiology, Jawaharlal Insititute of Postgraduate 
Medical Education and Research (JIPMER), 
Puducherry, India, for a period of two months (March 
and April, 2013) after obtaining approval from the 
Institute Research and Human Ethics committees.

Bacterial isolates: For standardization of NRA, 
American Tissue Culture Collection (ATCC) 
Staphylococcus aureus 29213 (methicillin susceptible) 
and ATCC S. aureus 43300 (methicillin resistant) were 
included. A total of 160 clinical isolates of S. aureus [80 
each of methicillin sensitive (MS) SA and MRSA] were 
included for evaluation. These isolates were obtained 
from blood (total=29; MRSA- 12; MSSA -17), pus and 
exudates (total=108; MRSA -61; MSSA-47), CSF and 
other sterile body fluids (total =12; MRSA-3; MSSA-
9), tracheal aspirate (total =11; MRSA-4; MSSA-7).

Detection and confirmation of MRSA: Methicillin 
resistance among clinical isolates of S. aureus was 
detected using oxacillin screen agar (6 µg/ml) and 
cefoxitin (30 µg) disc diffusion according to CLSI 

recommendations3. MIC values of oxacillin were also 
determined by the broth microdilution method according 
to CLSI recommendations3. Oxacillin was tested in 
concentrations of 8 to 0.25 µg/ml. Breakpoints of MICs 
for susceptibility and resistance were defined by CLSI, 
as ≤2 µg/ml and ≥4 µg/ml, respectively.  To confirm 
methicillin resistance in MRSA isolates, PCR for mecA 
gene (310 bp) was carried out using primers8, forward 
5’-TAGAAATGACTGAACGTCCGATAA-3’ and 
reverse 5’-CCAATTCCACATTGTTTCGGTCTAA-3’ 
and amplification conditions as follows: initial 
denaturation at 94°C for 4 min; 30 cycles of denaturation 
at 94°C for 45 sec, annealing at 50°C for 45 sec, 
extension at 72°C for one min and final extension step 
at 72°C for three minutes8.

Performance of NRA: The assay was performed 
with some modifications of the CLSI recommended 
broth microdilution method5 using U- bottomed 96-
well microtitre plates. The bacterial suspension was 
prepared from overnight culture in cation-adjusted 
Mueller-Hinton (M-H) broth with 1,000 µg/ml 
potassium nitrate and 4 per cent NaCl. After adjusting 
to 0.5 McFarland turbidity standard, 50 µl of bacterial 
suspension was added to each well containing 50 µl of 
antibiotic solution, including control (antibiotic-free) 
well such that the final oxacillin concentration ranged 
from 8 to 0.25 µg/ml. Microtitre plates were covered and 
incubated at 35°C. Fifty micro litres of freshly prepared 
Griess reagent [2 units of 0.1% N-(1-naphthyl) ethylene 
diamine and 2 units of 0.2 per cent sulphanilamide in 
distilled water and 1 unit of 50 per cent hydrochloric 
acid, Hi-Media, Mumbai] was added into control wells 
at the fifth hour of incubation. After the addition of 
Griess reagent, if a violet- purple colour change was 
seen in the control well, it was considered that sufficient 
bacterial growth has occurred. The reagent was then 
added to the other wells and the colour change, if any 
was noted. The MIC was defined as the lowest drug 
concentration without colour change. In each batch of 
test, growth control well and sterility control well were 
included to check the microbial growth and the sterility 
of microtitre plate, respectively. In addition, ATCC S. 
aureus 29213 (methicillin susceptible) and ATCC S. 
aureus 43300 (methicillin resistant) were included for 
quality control5.

Test for reproducibility: The test was carried out in 
triplicate, with the ATCC strains and 60 test isolates 
of S. aureus (30 of each MSSA and MRSA), on 
three different days. To remove observer bias, the 
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investigator performing and interpreting the NRA 
results was blinded to the identity of the methicillin 
susceptibility status of the test isolates.

 Results were analyzed according to FDA (Food 
and Drug Administration) criteria9. Minor, major, 
and very major discrepancy rates and category and 
essential agreement rates were determined. In addition, 
sensitivity, specificity, positive and negative predictive 
values of NRA for the detection of MRSA were 
calculated.

Results

 All 80 MSSA isolates were susceptible to cefoxitin 
by disc diffusion and oxacillin by oxacillin screen agar 
and all MRSA isolates were resistant to both. There 
was 100 per cent concordance in the results of the two 
phenotypic tests (oxacillin screen agar and cefoxitin 
disc diffusion) for the identification of MSSA and 
MRSA. All 80 MRSA isolates were positive for mecA 
gene by PCR.

 Results of NRA when tested with ATCC S. aureus 
29213 (methicillin susceptible) and ATCC S. aureus 
43300 (methicillin resistant) were comparable with 
those of reference BMD method. Although one of the 
triplicates of the susceptible isolate showed one well 
difference, final interpretation remained unchanged.

 On checking for reproducibility with the 60 test 
isolates, identical MIC values were obtained in 12 
isolates by NRA and in 19 by reference BMD method. 
The remaining isolates showed the same MIC reading 
on at least two occasions.

 Table I shows the distribution of MICs determined 
by colorimetric NRA and BMD method for the test 
isolates. For MRSA, the MIC values ranged from 4 to 
≥16 µg/ml and for MSSA, ≤ 0.5 to 2 µg/ml. Of the 160 
test isolates, five (2 – MRSA, 3 – MSSA) did not show 
colour change at the end of the fifth hour and hence 
could not be included for evaluation.

 Category and essential agreement for NRA were 
found to be 99.4 and 89.7 per cent, respectively, in 
comparison with the reference method. No minor and 
major discrepancy was observed. However, one of 
the 78 resistant isolates (1.28%) showed very major 
discrepancy as depicted in Table II.

 Sensitivity, specificity, positive and negative 
predictive values of NRA for the detection of MRSA 
were found to be 98.7, 100, 100 and 98.7 per cent 
respectively.

Discussion

 Colorimetric NRA based on the ability of bacteria 
to reduce nitrates to nitrites is a rapid, inexpensive 

Table II. FDA criteria for discrepancies and agreement between BMD and NRA for oxacillin susceptibility of S. aureus
Test performed and drug tested No. (%) with discrepancies* No. (%) with agreement

NRA

Oxacillin

Minor

0 (0)

Major

(0)

Very major

1 (1.28)

Category**

149 (99.4)

Essential***

139 (89.7)
*Discrepancies:
(a)  Minor discrepancy - The reference category result is resistant (R) or sensitive (S) and the new device result is intermediate (I); or 

the reference result is I and the new device result is R or S.
(b)  Major discrepancy - The reference category result is S and the new device result is R.
(c) Very major discrepancy- The reference category result is R and the new device result is S
** Category agreement -Agreement of interpretive results between a new device under evaluation and a standard reference method.
*** Essential agreement - Agreement within plus or minus, one two-fold dilution of the new device under evaluation with the reference 

method
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Table I. Distribution of minimum inhibitory concentration (MICs) of oxacillin determined by nitrate reductase assay (NRA) and broth 
microdilution (BMD) (Total no. of isolates = 155)

MIC values of the MRSA isolates (μg/ml)
(n=78)

MIC values of the MSSA isolates (μg/ml)
(n=77)

Tests performed ≥ 16 8 4 2 1 ≤ 0.5

NRA 35 31 12 21 31 25

BMD 38 27 13 26 32 19



method which is easy to perform. Coban et al2, used 
this method for the detection of methicillin and 
vancomycin resistance among isolates of S. aureus5. 
In their study, there was an absolute agreement of 
100 per cent and essential agreement of 91.6 per cent 
between NRA and BMD, although no minor, major or 
very major discrepancies were observed for oxacillin. 
Results of our study showed a broad agreement with 
those of Coban et al5, except for the slightly lower 
essential agreement and occurrence of very major 
discrepancy with a single isolate. According to the 
guidelines issued by FDA9, essential agreement should 
be 95.33 per cent, when the number of isolates tested 
is 150. In our study, the essential agreement was 89.67 
per cent, which is less than the recommended level.

 Any test which is used to determine antibiotic 
susceptibility of organisms cannot afford to misidentify 
a resistant isolate as a sensitive one. This constitutes a 
very major discrepancy according to FDA criteria and 
has serious clinical implications. In the present study 
there was such an error with a single isolate. One 
possible reason for this error could be the very small 
difference in the MIC values of oxacillin for sensitive 
vs. resistant isolates (2 and 4 µg/ml, respectively), 
which completely changes the interpretation even with 
a single well difference in the test. Whether this would 
severely limit the usefulness of NRA remains to be 
seen.

 Acuner and Eroglu10 commented that the study 
results reported by Coban et al5, were unacceptable 
as the reproducibility of NRA was not established.To 
address this lacuna, we carried out the test in triplicate 
for 30 isolates, where 12 and 19 isolates showed 
identical MIC value by NRA and BMD, respectively. 
Although the reproducibility of NRA was slightly lower 
than the reference method, it should not completely 
negate the value of this assay, as the reproducibility of 
even the reference method was not 100 per cent.

 The only problem faced while carrying out this 
test was that not all the isolates showed colour change 
in antibiotic-free well, at the end of the fifth hour. In 
routine practice, there may be some isolates which are 
slow-growers, for which this test is not applicable. In 
our study, we encountered five such isolates which 
could not be included for evaluation. 

 Other colorimetric tests like resazurin microplate 
assay (REMA) and alamar blue are also employed 
for the rapid detection of antimicrobial resistance11,12. 
Advantage of NRA when compared with REMA is that 

the results are obtained in five hours with the former, 
whereas in the latter, results are obtained after six 
hours5,12. To make NRA more user-friendly and to put 
it into routine use, the breakpoint susceptibility testing 
alone can be carried out instead of determining the 
entire range of MIC values, which was illustrated in a 
recent report by Coban et al13.

 Rapid antimicrobial susceptibility has also been 
determined by automated systems such as BD Phoenix 
and Vitek 2 in clinical microbiology laboratories14. 
Unfortunately, like PCR for mecA gene and latex 
agglutination test (LAT) for PBP2a, these are also 
expensive and can be used only in well-equipped 
laboratories. In such a scenario, NRA can be an 
alternative method, as it does not require any expensive 
reagents or equipment. NRA can also be employed for 
any other bacteria- antibiotic combination, provided the 
organisms are capable of reducing nitrates to nitrites.

 To conclude, colorimetric NRA is easy to perform 
and saves time in the detection of MRSA, as the 
identification of S. aureus and the status of their 
methicillin susceptibility can be determined on the 
same day, which helps the clinician to start appropriate 
antibiotic therapy. Testing a large number of clinical 
isolates of S. aureus and MRSA for oxacillin resistance 
in different laboratories will help to further validate 
this assay. 
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