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Objectives: To perform a multicentre study evaluating the performance of the direct nitrate reductase assay (NRA)
for the detection of multidrug-resistant (MDR) and extensively drug-resistant (XDR) tuberculosis in sputum samples.

Methods: The study was conducted in six laboratories performing tuberculosis diagnosis that were located in six dif-
ferent countries. The NRA was performed directly on sputum samples in parallel with the reference method used at
each site. Detection of resistance was performed for rifampicin, isoniazid, ofloxacin and kanamycin.

Results: Excellent agreement was obtained for all drugs tested at the majority of sites. The accuracy was 93.7%–
100% for rifampicin, 88.2%–100% for isoniazid, 94.6%–100% for ofloxacin and 100% for kanamycin. The majority
of NRA results were available at day 21 for sites 1, 2 and 5. Site 3 had a turnaround time of 13.9 days, at site 4 it was
18.4 days and at site 6 it was 16.2 days. The contamination rate ranged between 2.5% and 12%.

Conclusions: Rapid detection of drug resistance by the direct NRA on sputum smear-positive samples was accurate
and easy to implement in clinical diagnostic laboratories, making it a good alternative for rapid screening for MDR and
XDR tuberculosis.
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Introduction
The increasing incidence of multidrug-resistant (MDR) and exten-
sively drug-resistant (XDR) tuberculosis (TB) highlights the need
for rapid, affordable and accurate methods for testing susceptibil-
ity to first- and second-line anti-TB drugs. XDR Mycobacterium tu-
berculosis strains, by being resistant to several second-line drugs
in addition to rifampicin and isoniazid, are a new threat to the ef-
fective control of the disease.1 The current methods for drug sus-
ceptibility testing of M. tuberculosis are either slow or costly.
Löwenstein–Jensen (LJ) medium is still the most commonly
used and inexpensive solid medium for drug resistance detection
in many clinical laboratories. Unfortunately, conventional drug
susceptibility testing methods based on LJ medium are time con-
suming, taking up to 6 weeks to give results.2,3 This is mainly due
to the slow growth of M. tuberculosis. In order to reduce this turn-
around time, commercial broth-based systems and molecular
tests have been developed.4 – 7 Nevertheless, these systems are

still too expensive or have logistical problems preventing their
broad adoption in low-income countries with a significant number
of drug-resistant cases.

The nitrate reductase assay (NRA) is a rapid, low-cost, pheno-
typic method performed on solid media and based on the metabol-
ic activity of M. tuberculosis;8 it has been endorsed by the WHO for
the rapid detection of MDR-TB.9 The aim of this study was to evalu-
ate in a multicentre study the feasibility of using the NRA for the
simultaneous detection of MDR- and XDR-TB through the detection
of resistance to isoniazid, rifampicin, ofloxacin and kanamycin dir-
ectly from sputum samples.

Methods

Study design and setting
This prospective study was carried out in six laboratories situated in six differ-
ent countries: Department of Microbiology, All India Institute of Medical
Sciences, New Delhi, India; Department of Pathology, Combined Military
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Hospital, Dera Ismail Khan, Pakistan; Laboratorio de Referencia del Programa
de Control de Tuberculosis, Hospital Dr Antonio Cetrángolo, Buenos Aires, Ar-
gentina; Clinical Microbiology Laboratory, Chest Diseases Hospital, Samsun,
Turkey; Institut Pasteur de Madagascar, Antananarivo, Madagascar; and
Laboratoire de Référence des Mycobactéries, Cotonou, Benin. The participat-
ing laboratories were randomly numbered from 1 to 6 for the purpose of this
publication. The inclusion criteria were cough for .3 weeks, age .12 years,
suspected pulmonary TB, and suspected treatment failure, suspected
relapse or treatment default. Only those samples that were positive by
Ziehl–Neelsen smear microscopy were included in the study. A total of 265
smear-positive (≥1+) sputum samples were collected prospectively at the
six sites from January 2012 to October 2012. All participating laboratories
had experience with the NRA or were previously trained.

Sputum samples
Smear microscopy was performed directly on all sputum samples. Those
that were smear positive were selected and decontaminated by the
sodium hydroxide–N-acetyl-L-cysteine method.2 Samples were then con-
centrated by centrifugation at 3200 g for 20 min. The supernatant was dis-
carded, and the remaining sediment was resuspended in 3 mL of sterile
distilled water and used to inoculate, in parallel, either LJ medium or the
Bactec MGIT 960 Mycobacterial Detection System (as the reference
method) for indirect drug susceptibility testing, and NRA tubes containing
antibiotics for direct testing.

LJ proportion method
The proportion method was performed on LJ medium according to the
standard procedure, with the recommended critical concentrations of
40 mg/L rifampicin, 0.2 mg/L isoniazid, 2 mg/L ofloxacin and 30 mg/L
kanamycin. LJ tubes were incubated at 378C and read at 28 and 42 days.3

MGIT 960 system
Testing using the MGIT 960 system was performed according to the manu-
facturer’s instructions, with 1 mg/L rifampicin and 0.1 mg/L isoniazid. For
the second-line drugs, 2 mg/L ofloxacin and 2.5 mg/L kanamycin were
tested according to Martin et al.10

NRA
The LJ–NRA medium was prepared in-house and the method was carried out
aspreviouslydescribed11 witha minormodification in readingtimepoints.LJ–
NRA tubes contained 1 g/L potassium nitrate (KNO3) and critical concentra-
tions of 40.0 mg/L rifampicin, 0.2 mg/L isoniazid, 2.0 mg/L ofloxacin and
30 mg/L kanamycin. An additional LJ–NRA tube without drugs contained
0.5 g/L para-aminobenzoic acid (PNB) to identify the M. tuberculosis complex
and three LJ–NRA drug-free tubes served as a growth control. Drug- and
PNB-containing tubes were inoculated with 0.2 mL of the concentrated and
decontaminated sputum, while growth controls were inoculated with
0.2 mL of a 1:10 dilution of the same sample. After 10 days of incubation
at 378C, the NRA was developed by adding 0.5 mL of freshly prepared Griess
reagent consisting of 1 part 50% (v/v) hydrochloric acid, 2 parts 0.2% (w/v)
sulfanilamide and 2 parts 0.1% (w/v) N-(1-naphthyl)ethylenediamine dihy-
drochloride to one of the growth controls. If any pink colour appeared, the
Griess reagent was added to all drug-containing tubes. If there was no
colour change, the remaining tubes were reincubated and the procedure
repeated at days 14 and 28. An isolate was considered resistant if any
colour change was observed in the drug-containing tube. If the control was
negative at day 28, the NRA was considered invalid. All tests were performed
blinded. Identification of the M. tuberculosis complex was made by reading
the PNB-containing tube. If no colour change occurred, it was considered to
be M. tuberculosis complex.

Statistical analysis
MedCalc statistical software version 12.3.0.0 (Mariakerke, Belgium) was
used to calculate the statistical measures of sensitivity, specificity, accur-
acy, positive predictive value (PPV) and negative predictive value (NPV) of
the direct NRA using the LJ proportion method or the MGIT 960 system as
the reference test. The time to positivity (TTP) of the NRA was also recorded.

Results
Forall drugs, excellent agreement wasobtained between the direct
NRA and the gold standard method used at each site – either the LJ
proportion method or the MGIT 960 system. The sole exception was
ofloxacin at one site. Table 1 shows for each site the number of

Table 1. Susceptibility results for the direct NRA compared with the MGIT 960 system or LJ proportion method for each site

Site Direct NRA

MGIT 960 system or LJ proportion method

rifampicin isoniazid ofloxacin kanamycin

R S R S R S R S

1 R 18 3 20 1 11 0 7 0
S 0 31 0 31 0 41 0 45

2 R 12 0 15 0 1 0 1 0
S 1 37 2 33 0 49 0 49

3 R 4 0 9 0 2 0 5 0
S 0 53 0 48 0 55 0 52

4 R 0 0 6 0 2 1 0 0
S 0 52 2 44 1 48 0 52

5 R 3 0 4 1 0 0 0 0
S 1 12 1 11 0 17 0 17

6 R 2 0 2 0 0 2 0 0
S 0 35 0 35 0 35 0 37

R, resistant; S, susceptible.
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resistant and susceptible samples detected by the NRA compared
with results obtained by the reference method used at the site.

For rifampicin, only site 1 had false resistant results and two
sites (site 2 and site 5) had one false susceptible result each. Site
5 had a sample contaminated for rifampicin and was discarded
for the analysis. For isoniazid, two sites (site 1 and 5) had one
false resistant result each, while sites 2 and 4 had two false suscep-
tible and site 5 one false susceptible result.

Forofloxacin, site 4 had one false resistant and one false suscep-
tible result. Because of the very low number of strains resistant
to ofloxacin by the NRA, the sensitivity was lower for this drug.
Site 6 found two samples resistant to ofloxacin by the NRA;
however, the proportion method found those samples to be sus-
ceptible. For kanamycin, all results were concordant at all sites.
Site 4 did not find any samples resistant to either rifampicin or
kanamycin during the study period. Similarly, site 5 did not have
any ofloxacin- or kanamycin-resistant samples.

Based on these results, Table 2 shows the specificity, sensitivity,
PPV, NPV and accuracy of the NRA method for all sites. For rifampi-
cin the accuracy ranged between 93.7% and 100%, for isoniazid
the accuracy ranged between 88.2% and 100%, for ofloxacin the
accuracy ranged between 94.6% and 100%, and for kanamycin
the accuracy was 100%. The majority of NRA results were available
at day 21 for sites 1, 2 and 5, with an average of 72% positivity at
day 21, 12% at day 14 and 16% at day 28. Site 3 had a TTP of
13.9 days, at site 6 it was 16.2 days and at site 4 it was
18.4 days. For site 3, out of 61 consecutive samples, 2 did not
yield growth and another 2 were identified as non-tuberculous
mycobacteria (Mycobacterium avium). The contamination rate
was between 2.5% and 12% for the NRA.

Discussion
We performed the first multicentre prospective evaluation to assess
the performance of the direct NRA assay for the detection of MDR
and XDR-TB. The assay was easy to implement in the field setting,
showed low or acceptable contamination levels and a shorter turn-
around time than the proportion method on LJ medium, and a
similar TTP compared with the MGIT 960 system. The direct NRA
showed overall good sensitivity and specificity for the four drugs
tested. Furthermore, incorporating PNB in the assay allowed very
simple identification of the M. tuberculosis complex.

Although considered as the gold standard, it is well known that
drug susceptibility testing performed on LJ medium or

Middlebrook agar by the proportion method is very slow, requiring
3–6 weeks to produce results. The development of affordable
and rapid drug susceptibility testing methods for low-resource
countries is then a continuing priority. The NRA described here
has the advantage of a shorter TTP (10–14 days) compared
with the conventional proportion method. The NRA is based on
the detection of nitrate reduction as an indicator of growth, and
the results are therefore obtained before any macroscopic
growth can be visually detected.

A number of studies have reported the usefulness of the NRA
for determining susceptibility or resistance to rifampicin and iso-
niazid, the two most important drugs for the treatment of TB, and
has shown high sensitivity and specificity.12 – 14 The NRA also has
the potential to be used for the detection of resistance to second-
line drugs. In 2005, our group reported the first evaluation of the
NRA for the detection of ofloxacin resistance and found complete
concordance with the proportion method.15 Rosales et al.16 eval-
uated the NRA for the rapid detection of resistance to ofloxacin
and kanamycin in Honduras. They found good specificity for
both drugs, but lower sensitivity for detecting resistance to kana-
mycin. They also showed how the NRA could easily be adapted to
the local conditions of a diagnostic laboratory that was already
using the proportion method on LJ medium. More recently, Visa-
lakshi et al.17 evaluated the NRA for rapid detection of resistance
to kanamycin, ethambutol, ofloxacin, cycloserine and para-
aminosalicylic acid. They obtained sensitivity that ranged
between 86.4% and 100%, and specificity ranging between
98.4% and 100%.

In the present study, the sensitivity and specificity for detect-
ing resistance to rifampicin and isoniazid were excellent and
.94% for the second-line drugs. This is the first multicentre
study that confirms that the direct NRA can also be used to
screen XDR-TB. This study was limited by the relatively small
number of XDR-TB cases found. The NRA has been adapted for
the direct detection of MDR-TB using smear-positive sputum
samples in a number of countries such as Peru, Argentina,
Benin, Brazil, India, Nigeria and Pakistan.16,18 – 23 The main advan-
tage of the direct NRA is its much shorter turnaround time. Also,
the simplicity and cost-effectiveness of the test is suitable for
large-scale surveillance studies in resource-limited settings.
It furthermore offers the advantage of using solid media,
which minimizes cross-contamination and biohazard risks.
Additional studies of direct NRA testing for second-line drugs
are warranted.

Table 2. Sensitivity, specificity, PPV, NPV and accuracy of the direct NRA for each drug tested at each study site

Site

Rifampicin (%) Isoniazid (%) Ofloxacin (%) Kanamycin (%)

sens spec PPV NPV A sens spec PPV NPV A sens spec PPV NPV A sens spec PPV NPV A

1 100 91.1 85.7 100 94.2 100 96.8 95.2 100 98.0 100 100 100 100 100 100 100 100 100 100
2 92.3 100 100 97.3 98.0 88.2 100 100 94.2 96.0 100 100 100 100 100 100 100 100 100 100
3 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
4 NA 100 NA NA 100 75 100 100 95.6 96.2 66.7 98 66.6 97.9 96.2 NA 100 NA 100 100
5 75 100 100 92.3 93.7 80 91.6 80 91.6 88.2 NA 100 NA 100 100 NA 100 NA 100 100
6 100 100 100 100 100 100 100 100 100 100 NA 94.6 NA 100 94.6 NA 100 NA 100 100

sens, sensitivity; spec, specificity; A, accuracy; NA, not applicable.
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Our study was limited by the low number of drug-resistant
samples found in the different countries. Nevertheless, the direct
NRA can be used as a rapid and low-cost screening method to
detect drug resistance.

In conclusion, rapid detection of drug resistance by the direct
NRA on sputum smear-positive samples was accurate and easy
to implement in clinical diagnostic laboratories, making it a good
option for rapid screening for MDR- and XDR-TB.
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4 Bemer P, Palicova F, Rüsch-Gerdes S et al. Multicenter evaluation of fully
automated BACTEC Mycobacteria Growth Indicator Tube 960 system for
susceptibility testing of Mycobacterium tuberculosis. J Clin Microbiol 2002;
40: 150–4.

5 Angeby KA, Werngren J, Toro JC et al. Evaluation of the BacT/ALERT 3D
system for recovery and drug susceptibility testing of Mycobacterium
tuberculosis. Clin Microbiol Infect 2003; 9: 1148–52.

6 Rossau R, Traore H, De Beenhouwer H et al. Evaluation of the INNO-LiPA
Rif. TB assay, a reverse hybridization assay for the simultaneous detection
of Mycobacterium tuberculosis complex and its resistance to rifampin.
Antimicrob Agents Chemother 1997; 41: 2093–8.

7 Kontsevaya I, Mironova S, Nikolayevskyy V et al. Evaluation of two
molecular assays for rapid detection of Mycobacterium tuberculosis
resistance to fluoroquinolones in high-tuberculosis and -multidrug-
resistance settings. J Clin Microbiol 2011; 49: 2832–7.

8 Angeby KA, Klintz L, Hoffner SE. Rapid and inexpensive drug susceptibility
testing of Mycobacterium tuberculosis with a nitrate reductase assay. J Clin
Microbiol 2002; 40: 553–5.

9 WHO. Strategic and Technical Advisory Group for Tuberculosis (STAG-TB).
Report of the Ninth Meeting. http://www.who.int/tb/advisory_bodies/
stag_tb_report_2009.pdf (4 June 2013, date last accessed).

10 Martin A, von Groll A, Fissette K et al. Rapid detection of Mycobacterium
tuberculosis resistance to second-line drugs by use of the manual
mycobacterium growth indicator tube system. J Clin Microbiol 2008; 12:
3952–6.

11 Martin A, Montoro E, Lemus D et al. Multicenter evaluation of the nitrate
reductase assay for drug resistance detection of Mycobacterium
tuberculosis. J Microbiol Methods 2005; 63: 145–50.

12 Lemus D, Montoro E, Echemendı́a M et al. Nitrate reductase assay for
detection of drug resistance in Mycobacterium tuberculosis: simple and
inexpensive method for low-resource laboratories. J Med Microbiol 2006;
55: 861–3.

13 Martin A, Portaels F, Palomino JC. Colorimetric redox-indicator methods for
the rapid detection of multidrug resistance in Mycobacterium tuberculosis: a
systematic review and meta-analysis. J Antimicrob Chemother 2007; 59:
175–83.

14 Shin SS, Asencios L, Yagui M et al. Impact of rapid drug susceptibility
testing for tuberculosis: program experience in Lima, Peru. Int J Tuberc
Lung Dis 2012; 16: 1538–43.

15 Martin A, Palomino JC, Portaels F. Rapid detection of ofloxacin
resistance in Mycobacterium tuberculosis by two low-cost colorimetric
methods: resazurin and nitrate reductase assays. J Clin Microbiol 2005;
43: 1612–6.

16 Rosales S, Pineda-Garcı́a L, Andino N et al. Evaluation of the nitrate
reductase assay for rapid detection of extensively drug-resistant tuberculosis.
Int J Tuberc Lung Dis 2009; 13: 1542–9.

17 Visalakshi P, Arora J, Behera D. Evaluation of nitrate reductase assay for
rapid detection of resistance to second-line drugs in Mycobacterium
tuberculosis in a tertiary care hospital. Diagn Microbiol Infect Dis 2010; 68:
236–40.

18 Satti L, Ikram A, PalominoJCet al. Fieldevaluation of the direct detection
of multidrug resistant Mycobacterium tuberculosis by nitrate reductase
assay on 7H11 agar. Tuberculosis (Edinb) 2013; 93: 308–11.

19 Solis LA, Shin SS, Han LL et al. Validation of a rapid method for detection
of M. tuberculosis resistance to isoniazid and rifampin in Lima, Peru. Int J
Tuberc Lung Dis 2005; 9: 760–4.

20 Musa HR, Ambroggi M, Souto A et al. Drug susceptibility testing of
Mycobacterium tuberculosis by a nitrate reductase assay applied directly
on microscopy-positive sputum samples. J Clin Microbiol 2005; 43:
3159–61.

21 Mishra B, Muralidharan S, Srinivasa H. Directdrug susceptibility testing of
Mycobacterium tuberculosis to primary anti-tubercular drugs by nitrate
reductase assay. Indian J Pathol Microbiol 2009; 52: 343–4.

22 Affolabi D, Odoun M, Martin A et al. Evaluation of direct detection of
Mycobacterium tuberculosis rifampin resistance by a nitrate reductase
assay applied to sputum samples in Cotonou, Benin. J Clin Microbiol 2007;
45: 2123–5.

23 Shikama ML, Ferro e Silva R, Villela G et al. Multicentre study of nitrate
reductase assay for rapid detection of rifampicin-resistant M. tuberculosis.
Int J Tuberc Lung Dis 2009; 13: 377–80.

Martin et al.

4 of 4

 at B
iom

edical L
ibrary G

ent on Septem
ber 6, 2013

http://jac.oxfordjournals.org/
D

ow
nloaded from

 

http://www.who.int/tb/advisory_bodies/stag_tb_report_2009.pdf
http://www.who.int/tb/advisory_bodies/stag_tb_report_2009.pdf
http://www.who.int/tb/advisory_bodies/stag_tb_report_2009.pdf
http://www.who.int/tb/advisory_bodies/stag_tb_report_2009.pdf
http://jac.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


