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Abstract. Tuberculosis (TB), a chronic bacterial disease caused by Mycobacterium tuberculosis, commonly affects
the lung but can also affect other parts of the body (extrapulmonary tuberculosis, EPT). A rapid diagnosis is essential
to initiate a specific and effective treatment. Although mycobacterial culture remains the gold standard for EPT di-
agnosis, molecular tools are attracting increasing interest. GeneXpert MTB/RIF, a rapid automated diagnostic test,
allows the detection of Mycobacterium tuberculosis as well as mutations in the hot-spot region of the rpoB gene asso-
ciated with Rifampicin resistance. The present study was performed to evaluate the performance of the GeneXpert
MTB/RIF test for the diagnosis of EPT compared to the standard method. This prospective study was conducted
on 304 clinical samples collected from 192 patients attending the Laboratory of Mycobacteria and Tuberculosis
of Pasteur Institute of Morocco, between 2016 and 2017. Out of the 304 samples, 113 were pleural fluids decontami-
nated using the Petroff method and 191 were biopsies (78 lymph nodes and 113 pleural biopsies) decontaminated
using the Lowenstein method. Mycobacterium tuberculosis detection and identification were performed on all sam-
ples using smear microscopy, Lowenstein—Jensen medium culture and the GeneXpert MTB/RIF test. Our results
showed that 54.5 (103/189) were men and 45.5% (86/189) were women. The age of patients ranged from 2—78 years
and the majority of patients was in the age group 25—45 years. Extrapulmonary samples were derived from lymph
nodes, pleural fluids and pleural tissues, with a percentage of 25.66, 37.17 and 37.17%, respectively. Interestingly,
the sensitivity of the GeneXpert was 51.4 for all samples and 83.3% for lymph nodes. In conclusion, the present study
revealed that the performance of the GeneXpert test depends highly on the type of sample, with a high sensitivity
observed for lymph nodes. Additionally, we clearly showed that the GeneXpert MTB/RIF test presents limitations
in the diagnosis of pleural TB. Thus, we recommend the coupled use of the GeneXpert MTB/RIF and the conven-
tional techniques for EPT diagnosis.
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2022, T. 12, Ne 1 GeneXpert MTB/RIF test for ETD in Morocco

ODPDEKTUBHOCTb GeneXpert MTB/RIF B AMATHOCTUKE BHEJIETOYHOIO TYBEPKYJIE3A
B MAPOKKO

Aaitnyc A.'2, Momen I'.''2, Bearntu A.!, Bennanu K.3, Jlamaaman A.2, Illeruyun @.2, Meccayau M.2, Biaaren M.},
Mycanm 1.!, Kparmu M.2, Diap Meccayau M. /1.2
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Pesiome. Tybepkynes (Th), xpoHudeckoe GakTepuajibHOe 3a00JeBaHue, BbI3biBaeMoe Mycobacterium tuberculosis,
OOBIYHO TTOpakaeT JIeTKUe, HO TaKXe MOXKeT 3aTparuBaTh W Ipyrve aHaTOMUYeckue 001acTu (BHEJIETOYHBIN TY-
oepkyaes, BJIT). g Hauana cneuudpuyeckoro 3(p@eKTUBHOTrO JiedeHWsT HEOOXOAUMO TTPOBeAeHE OBICTPOIt Auar-
HOCTUKU. XOTS KyJbTUBMPOBAHUE MUKOOAKTEPUil OCTaeTCS 30JOThIM cTaHAapToM s auarHocTuku BJIT, Bce
0O0JbLIMI UHTEPEC BbI3bIBAIOT MosiekyasipHble MeTonbl. GeneXpert MTB/RIF — ObicTpblit aBTOMATU3MPOBAHHBII
IHMaTHOCTUYECKUI TeCT, KOTOPBIH MO3BOJsSICT 00HapYXKUBaTh M. tuberculosis, a TaKKe MYTallMM B «TOPSTYEM yUyacT-
Ke» TeHa rpoB, cBsi3aHHBIE C YCTOMUMBOCTBIO K pudaMnuiinHy. HacTtosiee nccienoBaHye ObIIO BBITIOJHEHO IS
oneHkM 3pdekTuBHOCTU TecTa GeneXpert MTB/RIF mis nuarHocTMKY BHEJIETOYHOTO TyOepKyie3a B CpaBHCHUH
CO CTaHIAPTHBIM METOIOM. [laHHOE ITPOCIIEKTUBHOE MCCeI0BaHNE ObLIO TTpoBeneHo Ha 304 KTMHUYECKMX 00pa3-
11aX, COOpaHHBIX ¥ 192 MallMeHTOB, MOCeIIaBIINX Ja00paTOPUI0 MUKOOaKTeprit 1 TyOepKyne3a MHctuTyTa [Tactepa
B Mapoxko B iepuof ¢ 2016 o 2017 rr. M3 304 o6pasiios 113 coctabisiia nieBpaibHast XK UIKOCTh, OUMIIEHHAS C UC-
nosb3oBaHueM Metofa [leTpoBa, a 191 obpasen; buoncuu (78 numdbarrndyeckux y3708 u 113 Guoncuii nieBpsbl), A€KOH-
TaMUHUPOBAHHBIE ¢ MCMOJb30BaHUEM MeToaa JlepeliHiuTeiitHa. OOHapyxXeHue U uaeHTuukauuo Mycobacterium
tuberculosis TPOBOAMIIN JIJIsT BCEX 00pa3IlOB C MCIOJb30BAaHUEM MUKPOCKOMMM Ma3Ka, KYJbTUBUPOBAHUS Ha Cpe-
ne Jlesenmreitna—HMencena n tecta GeneXpert MTB/RIF. Hauu pe3yiasrarsl okasanu, uto 54,5% (103/189) co-
CTaBJISLIM MYXXYUHBI 1 45,5% (86/189) — keHInMHBI. Bo3pacT manimeHTOB cOCTaBJIsLI OT 2 10 78 JieT, OOJIbIIMHCTBO
MauMeHTOB OBIJIM B BO3PACTHOI rpyrme oT 25 10 45 net. BHenerounsle 00pa3ibl ObIIM B3THl U3 TUM@aTHUECKUX
y3JI0B, MJIEBPAJIbHOM XXUAKOCTH U MJIEBPAJIbHBIX TKaHEH ¢ TPOLIEHTHBIM CoOOTHOMmeHneM 25,66, 37,17 u 37,17% coot-
BeTcTBeHHO. MHTEpecHO, uTo uyBcTBUTEABbHOCTh GeneXpert coctaBuia 51,4% s Bcex 06pasuoB u 83,3% mist 1um-
(armyeckux y3nmoB. Takum o6pa3oM, HacToOsIIEe UCCIEAOBaHNE TOKa3ao0, 4To 3¢ deKTUBHOCTD Tecta GeneXpert
3HAUYMTEIHHO 3aBUCHUT OT TUIIA 00pa3Iia, IIPH 3TOM BBICOKAsI YyBCTBUTEIHHOCTD HAOMIOMACTCS IS TUMGbaTUIECKHIX
y3710B. Kpome Toro, Msl mokasanu, 94to TecT GeneXpert MTB/RIF numeet orpannueHms B IMaTHOCTHKE IJIEBPaTIbHO-
ro Tyoepkyse3a. Mbl pekoMeHyeM coBMecTHOe ucnonb3oBanne GeneXpert MTB/RIF u TpanuiimoHHBIX METOIOB
JUTS TUaTHOCTUKY BHEJIETOUHOTO TyOepKyJesa.

Karoueeuie caoea: grnenecounsiii mydepikynes, 0aueobayuirapusiii mybepkynes, GeneXpert, duaenocmuka, 4ygcmeumenbHoCcme.

Introduction

Tuberculosis (TB) remains a serious global health
problem and is one of the leading causes of death
worldwide [21]. In Morocco, 30,897 TB cases were
declared in 2017, with an estimated prevalence of 88
cases per 100,000 inhabitants [10]. The most com-
mon site of infection with Mycobacterium tubercu-
losis (MTB) worldwide is the lung, although dis-
semination can occur to any part of the body, re-
sulting in extrapulmonary tuberculosis (EPT) [18].
Worldwide, EPT accounted for 15% of the 7 million
TB incident cases notified in 2018, with proportions
ranging from 8% in the World Organization Health
(WHO) Western Pacific Region to 24% in the
Eastern Mediterranean Region (EMR) [25]. Among
the EMR countries, Tunisia has the highest pro-
portion of EPT cases (60%) [1]. In Morocco, EPT
accounts for 46% of all TB cases, with lymph node
EPT being the most common localization followed
by pleural EPT [1, 7, 10]. Due to the paucibacillary
nature of the non-respiratory specimens, diagnosis
of EPT remains challenging. Therefore, molecular

tools using nucleic acid amplification methods has
been recommended by the WHO for rapid diagnosis
of TB infection [9, 22].

Among these molecular technologies, GeneXpert
MTB/RIF, a rapid technology developed by Ceiphed
(Sunnyvale, CA, USA) is the only fully automat-
ed cartridge based real time PCR, implementing
molecular beacon technology which can detect
MTB complex DNA and Rifampicin (RIF) resist-
ance in less than two hours [17]. Although the use
of GeneXpert MTB/RIF is not recommended for the
diagnosis of TB with all non-respiratory specimens,
this test have been used by WHO for the diagnosis
of EPT since 2013 [24]. GeneXpert MTB/RIF has
been validated in several studies using an excessively
small sample size of EPT, resulting in a large differ-
ent range of sensitivities and specificities. This dif-
ference may also be due to the studied patient popu-
lation, processing methods as well as the composite
reference standard (CRS) [17].

In this field, the present study was designed
to evaluate the performance of the Xpert MTB/
RIF assay for the detection of M. tuberculosis com-
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plex (MTBC) and RIF resistance in lymph node,
pleural fluids and pleural biopsy using a large simple
size. We also compared the diagnostic performance
of GeneXpert MTB/RIF with that of conventional
culture, CRS and patient’s clinical findings.

Materials and methods

This study was conducted in the laboratory
of mycobacteria and tuberculosis of Pasteur Institute
of Morocco. The clinical samples were collected from
192 patients with suspicion of EPT based on clinical
criteria and EPT positive patients in post-therapeutic
follow-up. The collected specimens consisted of 191
biopsies (pleural biopsy [n = 113], lymph nodes [n =
78]) and 113 pleural fluids. For suspected pleural TB
patients, two specimens were collected (biopsy and
pleural fluid).

Laboratory processing of specimens. Decontamina-
tion and concentration of clinical specimens is an im-
portant and critical step in the isolation of mycobac-
teria. The modified Petroff method was used for the
decontamination of pleural fluids. Briefly, the sam-
ple was homogenized for 15 min in a shaker using an
equal volume of NaOH (4%). After centrifugation at
3000g for 20 min, the deposit was neutralized with
20 mL of sterile distilled water. After another cen-
trifugation, the sediment was inoculated in solid me-
dia (Lowenstein—Jensen) and the smear and Xpert
MTB/RIF were performed [23].

Lymph nodes and pleural biopsies were decon-
taminated using the Lowenstein method. The sam-
ples were cut into small pieces with a sterile scalpel
or scissors and homogenized in a sterile porcelain
mortar using 5 mL of sterile distilled water. Four mL
of sulfuric acid H,SO, 4% were then added and incu-
bated at room temperature for 10 minutes. The sam-
ple was neutralized with 3.5 mL of NaOH (6%) and
the solution was then put in a centrifuge tube with
a screw cap after adding 20 mL of sterile distilled wa-
ter. After centrifugation at 3000g for 20 min, the sedi-
ment was inoculated in LJ, the smear and GeneXpert
were made.

Smears microscopy. Smears microscopy was used
to detect Acid-Fast Bacilli (AFB) by the convention-
al Ziehl—Neelsen method. A semi quantitative grad-
ing system was used to report the number of AFB ob-
served in the stained smear of each sample. When no
AFB was seen after examining 300 fields, the smear
was annotated “no AFB seen”.

Solid media (Lowenstein—Jensen). To isolate and
semi quantify growth of Mycobacteria, for each spe-
cimen two Lowenstein—Jensen (LJ) medium were
inoculated with 0.2 mL of the decontaminated sedi-
ment and incubated at 37°C for 60 days. The isolates
were then identified using colony morphology, pig-
mentation, niacin test and nitrate reductase tests.

GeneXpert MTB/RIF assay. The GeneXpert test
was performed as previously described [23]. The tech-

nique covers an area of 81 base pairs of the rpoB
gene, between the codon 507 and 533, which encodes
for the B subunit of RNA polymerase. Five molecu-
lar beacon type genetic probes were used with a dif-
ferent fluorophore. Briefly, the GeneXpert reagent
was added in a 2:1 ratio to the decontaminated and
concentrated specimen. The sample container was
mixed twice during 15 min incubation period at room
temperature. Finally, 2 mL of the treated sample was
transferred into the GeneXpert cartridge, loaded into
the GeneXpert device and the automatically generated
results were read after 2 hours.

Statistical analysis. The results were analyzed us-
ing the Excel software 2016 and VassarStats (http://
vassarstats.net/clinl.html). Sensitivity and specific-
ity of GeneXpert MTB/RIF regarding type of sam-
ple (pleural fluid, pleural tissue for suspect pleural
TB, and lymph nodes for suspect lymphadenitis TB)
were calculated. GeneXpert MTB/RIF diagnostic
accuracy was calculated in comparison to LJ culture,
which is the reference standard for EPTB. Therefore,
in this study we evaluate the use of GeneXpert MTB/
RIF using a CRS composed of smear microscopy,
culture (LJ) and clinical findings. Any patient that
was positive for any one component of the CRS was
considered TB cases. Contaminated cultures and in-
determinate results (Error, Invalid, No result) were
excluded and not retested.

The gold standard for the diagnosis of TB pleuritic
remains the detection of MTB in pleural fluid and/or
pleural biopsy specimens, either by microscopy and/
or culture. We used two types of sample for the di-
agnosis of pleural TB, if culture from pleural tissue
or fluid was positive for MTB, the patient was con-
sidered positive for TB. The GeneXpert MTB/RIF
result should be considered as bacteriological confir-
mation of TB if the sample was collected from a pa-
tient who was not recently receiving treatment with
anti-TB drugs [6].

Results

Between 2016 and 2017, 192 patients were in-
cluded and a total of 304 extrapulmonary samples
were processed for GeneXpert. All samples were also
processed for smears microscopy and culture in solid
media. Among the 192 studied patients, 78 (40.62%)
were patients with lymph node TB and the remaining
114 (59.37%) were patients with pleural TB. The iso-
lates were then identified using colony morphology,
pigmentation, niacin test and nitrate reductase tests,
which confirmed that all isolates are M. tuberculosis.

The demographic and clinical characteristics
of 192 patients enrolled in this study are reported
in table 1 showing that 103 were men and 86 were
women (sex ratio: 1.20). The mean age of patients
was 28 years with extreme ages of 2 and 78 years
old. Interestingly, our results showed that 67 (35.4%)
patients were young adults (15—25 years old) and
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39.15% (74/189) were between 25 and 45 years old.
Extrapulmonary samples were collected from lymph
nodes, pleural fluids, and pleural tissues, with a per-
centage of 25.66%, 37.17% and 37.17%, respectively.
For 3/304 (0,9%) samples the results of GeneXpert
were inconclusive, and these samples were exclud-
ed from further analysis. Overall, 50 out of the 301
studied specimens (16.61%) were positive for MTBc
by culture and 35 (11.63%) by the GeneXpert assay.
Using the GeneXpert assay, the highest positivity rate
was observed with lymp node specimens (33.33%),
while the highest positivity rate was observed with
pleural tissues (25,66%) by culture (Table 1). Our
data further show that out of the 75 lymph nodes,
5 (6.6%) were AFB positive by conventional smear
microscopy and 11 (14.6%) were positive for MTB by
culture. Of 75 lymph nodes tested by GeneXpert, 25
(33.3%) were positive for TB (Fig.).

Among 113 pleural tissues studied, 3 (2.6%) were
smears microscopy positive, 10 (8.8%) were posi-
tive for mycobacteria by culture and 4 (3.5%) were
GeneXpert test positive (Fig.).

Of 113 pleural fluids tested, conventional culture
showed the highest positivity rate (25.6%), followed
by the GeneXpert assay, which was found positive
in 6 pleural fluid specimens (5.3%), while only 3
pleural fluid specimens (2.6%) were positive by con-
ventional smear (Fig.).

The GeneXpert test also provides a semi-quanti-
tative report of the number of DNA copies detected
in the sample. As expected it was “very low” or “low”,
in the large majority (97.14%) of the samples that
scored positive.

Based on the two reference standard (CRS and
culture), TB diagnosis was confirmed in 68 patients
(36%), 30 patients (40%) had a lymphadenitis TB and
38 (33.3%) had a pleural TB.

The sensitivity, specificity, positive and negative
predictive values (PPV and NPV respectively) of the
GeneXpert MTB/RIF test and smear microscopy
are detailed in Table 3.

Comparison with the culture method. The Gene-
Xpert assay showed the sensitivity and the specific-
ity of 18% [95% CI, 9—-32%]| and 89.6% [95% ClI,
85—-93%], respectively. The sensitivity of smear ex-
amination compared to culture was 16% [95% ClI,
7-29%] and the specificity was 98.8% [95% CI,
96—99%]. As presented in Table 2, our data show
that the performance of the GeneXpert test var-
ies according to the nature of the sample. In fact,
the sensitivity of the GeneXpert test was in de-
creasing order of 60% [95% CI, 27—86%] for lymph
nodes, 10.3% [95% CI, 2—28%] for tissue pleural and
0% [95% CI1, 0—34%] for pleural fluids.

Comparison with the Composite Reference Standard
(CRS). The comparison of the sensitivity of the
GeneXpert and the smear microscopy shows an
overall sensitivity of 51.4% [95% CI, 39—63%] and
16.18% [95% CI1, 8—27%], respectively, when com-

Table 1. Demographic and clinical characteristics
of patients included in the study and results
of the technics

Characteristics | n | %
Age, years
2-15 27 14.3
15-25 67 35.4
25-45 74 39.2
45-60 12 6.3
>60 9 4.8
Gender
Male 103 54.5
Female 86 45.5
Specimen type

Lymph node 75 24.9
Pleural tissue 113 375
Pleural fluid 113 375
Smear result

Positive 1 3.7
Negative 290 96.3

Culture result
Positive 50 16.6
Negative 251 83.4
GeneXpert result

Positive 35 11.6
Negative 266 88.4

pared to the CRS. The performance of the GeneXpert
test depended on the type of sample, the test sensitiv-
ity rate was highest for lymph nodes (83%) [95% Cl,
64—93%], followed by pleural biopsy (15.8%) [95% CI,
6—32%] and pleural fluid (10.5%) [95% CI, 3—25%].

Discussion

Because of the paucibacillary nature of the non-
respiratory specimens, diagnosis of EPT remains
challenging and associated with low sensitivity to con-
ventional methods; smears microscopy and culture.

35

30 - 29

2
25 >

20 A

Number of samples

Pleural tissues Pleural fluids

SAMPLES

|:| Culture - Xpert

Figure. Showing distribution of samples according
to the positivity of smears microscopy, culture and
Xpert test

Lymph nodes

. Smear microscopy
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Table 2. Performance of the GeneXpert MTB/RIF test with respect to different sample types compared

to culture and CRS

Soecimen Culture as areference standard CRS as areference standard
ptype Sensitivity % | Specificity % | PPV% | NPV % | Sensitivity % | Specificity % | PPV % NPV %
(95% ClI) (95%Cl) | (95%Cl) | (95%Cl)| (95% Cl) (95% CI) (95% Cl) | (95% CI)
60 70.3 24 91.8 83 100 100 90
Lymphnode | 7 gq) (57-80) | (10-45) | (79-97) | (64-93) (90-100) | (83-100) | (77-96)
. 10.3 96.4 50 75.7 15.8 100 100 70
Pleuraltissue |, 5g, (89-99) | (13-86) | (66-83) |  (6-32) (94-100) | (52-100) | (60-78)
Pleural fluid 0 96.1 0 90 10.5 100 100 68.8
(0-34) (89-98) (0-60) (83-95) (3-25) (93-100) (39.5-100) | (59-77)
Table 3. Performance of GeneXpert MTB/RIF and smear microscopy compared to culture and CRS
Culture as a reference standard CRS as areference standard
Technics Sensitivity % | Specificity % | PPV % NPV % | Sensitivity % | Specificity %| PPV % NPV %
(95% Cl) (95% Cl) (95% Cl) | (95% Cl) (95% Cl) (95% Cl) (95% Cl) | (95% Cl)
Smear 16 98.8 727 85.5 16.1 100 100 67.9
microscopy (7-29) (96-99) (39-92) | (80-89) (8-27) (96-100) (67-100) | (60-74)
GeneXpert 18 89.6 257 84.5 51.4 100 100 78.5
MTB/RIF (9-32) (85-92) (13-43) (79-88) (39-63) (96-100) (87-100) (71-84)
Table 4. Performance of GeneXpert MTB/RIF and smear microscopy compared to culture and CRS
Culture as a reference standard CRS as areference standard
Technics Sensitivity % | Specificity % | PPV % NPV % | Sensitivity % | Specificity % | PPV % NPV %
(95% Cl) (95% Cl) (95% Cl) | (95% Cl) (95% Cl) (95% Cl) (95% Cl) | (95% Cl)
Smear 16 98.8 727 85.5 16.1 100 100 67.9
microscopy (7-29) (96-99) (39-92) | (80-89) (8-27) (96-100) (67-100) | (60-74)

Negative results in smear microscopy and/or cul-
ture cannot therefore exclude the presence of TB [16],
while positive smear examination cannot distinguish
between non-tuberculosis mycobcateria and MTB.
In addition, culture which is the gold standard for TB
diagnosis, takes 2—8 weeks to get the results, impacting
therefore negatively the time to treatment decision [11].
Therefore, molecular techniques play an important
role in rapid diagnosis of some EPT forms, although
the sensitivity is poor for some of them [8]. GeneXpert
is one such useful and rapid tool for the diagnosis
of EPT and detection of RIF resistance.

In our study, 14.6% (11/76) lymph node biopsies
were found positive for TB by culture. According
to previous studies, TB positivity rates of lymph node
biopsies by culture varied from 10,3% to 45%. A posi-
tivity rate of 10.3% was reported in a study conducted
in Morocco [1], 10.8% in Tunisia [13] and 45% in South
Africa [26]. Furthermore, our results on TB detec-
tion by culture from pleural biopsies and pleural fluids
show a positivity rate of 25.6% and 8.8%, respectively.
This is quite similar to what was found in a study con-
ducted by Du et al. [3] who reported a value of 31.7%
for pleural biopsies and 17,4% for pleural fluids.

Ourfindings onthe performance of the GeneXpert
test compared to CRS (51,4%) correlate with study
conducted by Moure et al., who reported a value
of 58% [15] and study conducted by Rakotoarivelo et
al. in Antananarivo, the capital city of Madagascar,
who reported a value of 65% [20]. When GeneXpert

MTB/RIF was compared to culture for the detection
of resistance to RIF, we found a much lower sensitiv-
ity (18%) than other studies that report a high sensi-
tivity ranging from 79% to 82% [20, 22, 27].

Our data also showed a higher sensitivity of the
GeneXpert MTB/RIF assay in the diagnosis of lym-
phadenitis TB from lymph nodes (83%). These re-
sults are consistent with those of previous studies
conducted in Tunisia by Ghariani et al. [5] who re-
ported a value of 87,5%.

In the present study, the lowest GeneXpert sen-
sitivity was observed for the diagnosis of pleural
TB, which was quite similar to the study conducted
in Spain by Porcel et al. [19], reporting a value of 15%
and the study conducted in South Africa by Friedrich
et al. [4], who reported a value of 25%. This low sen-
sitivity of GeneXpert for the diagnosis of pleural TB,
could be due to a very low number of bacteria or
the presence of an inhibitory substance in the sample,
which may have inhibited the amplification of MTB
without any effect on the internal control of PCR [2].

Previous studies conducted on the performance
of GeneXpert MTB/RIF showed a variable sensitiv-
ity of the test [12]. This difference may be explained
by various factors including the heterogeneity of the
studied populations, the type of EPT, the quality and
nature of samples and the gold standard used in the
study [12].

Among negative culture specimens, 10.35% (26/251)
were found to be positive for GeneXpert MTB/RIF.
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A similar finding was observed by Mechal et al. who re-
ported that 10.6% of positive cases in GeneXpert MTB/
RIF were negative by culture [14]. This could be due
to the paucibacillary nature of extrapulmonary clinical
specimens and/or the severe regime of decontamination
of clinical samples decreasing the viability of mycobac-
terial strains.

In the present study, culture in solid media showed
a moderate sensitivity of 47% for ETB. This could be
explained by the fact that the decontamination step
may have resulted in lowering the bacillary load and
consequently the reduction of test sensitivity [22].

In conclusion, our study clearly revealed that
the high sensitivity and specificity of GeneXpert, cou-

pled with its simplicity and speed, make this technique
the most useful tool for a rapid diagnosis of lymph node
TB. Additionally, we found that use of the GeneXpert
assay presents limitations in the diagnosis of pleu-
ral TB. Therefore, we recommend the coupled use
of GeneXpert MTB/RIF and conventional technique
for EPT diagnosis.

Acknowledgements

We would like to thank all the technicians of Myco-
bacteria and Tuberculosis Laboratory of Pasteur Insti-
tute in Casablanca and Dr. Bennani Kenza for her con-
tribution to the achievement of this study.

References

L.

Bennani K., Khattabi A., Akrim M., Mahtar M., Benmansour N., Essakalli Hossyni L., Karkouri M., Cherradi N., El Mes-
saoudi M.D., Lahlou O., Cherkaoui I., Khader Y., Maaroufi A., Ottmani S.E. Evaluation of the yield of histopathology in the dia-
gnosis of lymph node tuberculosis in Morocco, 2017. JMIR Public Health Surveill., 2019, vol. 5, no. 4: e14252. doi: 10.2196/14252

2. Christopher D.J., Schumacher S.G., Michael J.S., Luo R., Balamugesh T., Duraikannan P., Pollock N.R., Pai M., Denkinger C.M.
Performance of Xpert MTB/RIF on pleural tissue for the diagnosis of pleural tuberculosis. Eur. Respir. J., 2013, vol. 42, no. 5,
pp. 1427—1429. doi: 10.1183/09031936.00103213

3. Dul., Huang Z., Luo Q., Xiong G., Xu X., Li W., Liu X., LiJ. Rapid diagnosis of pleural tuberculosis by Xpert MTB/RIF assay
using pleural biopsy and pleural fluid specimens. J. Res. Med. Sci., 2015, vol. 20, no. 1, pp. 26—31.

4. Friedrich S.O., von Groote-Bidlingmaier F., Diacon A.H. Xpert MTB/RIF assay for diagnosis of pleural tuberculosis. J. Clin.
Microbiol., 2011, vol. 49, no. 12, pp. 4341—4342. doi: 10.1128/JCM.05454-11

5. Ghariani A., Jaouadi T., Smaoui S., Mehiri E., Marouane C., Kammoun S., Essalah L., Driss M., Messadi F., Slim-Saidi L.
Diagnosis of lymph node tuberculosis using the GeneXpert MTB/RIF in Tunisia. Int. J. Mycobacteriol., 2015, vol. 4, no. 4,
pp. 270—275. doi: 10.1016/j.ijmyco.2015.05.011

6. GLI. GLI model TB diagnostic algorithms. 2018. 37 p. URL: http.//www.stoptb.org/wg/gli/assets/documents/gli _algorithms.pdf

7.  Hamzaoui G., Amro L., Sajiai H., Serhane H., Moumen N., Ennezari A., Yazidi A.A. Tuberculose ganglionnaire: aspects épidémio-
logiques, diagnostiques et thérapeutiques, a propos de 357 cas. Pan Afi. Med. J., 2014, vol. 19: 157. doi: 10.11604/pamj.2014.19.157.4916

8. Ketata W., Rekik W.K., Ayadi H., Kammoun S. Les tuberculoses extrapulmonaires. Rev. Pneumol. Clin., 2015, vol. 71, no. 2—3,
pp. 83—92. doi: 10.1016/j.pneumo.2014.04.001

9. Lawn S.D., Zumla A.I. Diagnosis of extrapulmonary tuberculosis using the Xpert® MTB/RIF assay. Expert Rev. Anti. Infect.
Ther., 2012, vol. 10, no. 6, pp. 631—635. doi: 10.1586/eri.12.43

10. Le Ministre de la santé du Maroc. Ensemble pour un Maroc sans tuberculose, 2018. URL: https.//www.sante.gov.ma/Pages/
Communiques.aspx?IDCom=277

11. LuY., ZhuY., Shen N., Tian L, Sun Z. Evaluating the diagnostic accuracy of the Xpert MTB/RIF assay on bronchoalveolar lav-
age fluid: a retrospective study. Int. J. Infect. Dis., 2018, vol. 71, pp. 14—19. doi: 10.1016/j.ijid.2018.01.030

12. Marouane C., Smaoui S., Kammoun S., Slim L., Messadi-Akrout F. Evaluation of molecular detection of extrapulmonary tuber-
culosis and resistance to rifampicin with GeneXpert® MTB/RIF. Med. Mal. Infect., 2016, vol. 46, no. 1, pp. 20—24. doi: 10.1016/
J.medmal.2015.10.012

13. Marrakchi C., Maaloul I., Lahiani D., Hammami B., Boudawara T., Zribi M., Ben Jemaa M. Diagnostic de la tuberculose gangli-
onnaire périphérique en Tunisie. Méd. Mal. Infect., 2010, vol. 40, no. 2, pp. 119—122. doi: 10.1016/j.medmal.2009.10.014

14. Mechal Y., Benaissa E., El Mrimar N., Benlahlou Y., Bssaibis F., Zegmout A., Chadli M., Malik Y.S., Touil N., Abid A., Maleb A.,
Elouennass M. Evaluation of GeneXpert MTB/RIF System performances in the diagnosis of extrapulmonary tuberculosis. BMC
Infect. Dis., 2019, vol. 19, no. 1: 1069. doi: 10.1186/512879-019-4687-7

15. Moure R., Martin R., Alcaide F. Effectiveness of an integrated real-time PCR method for detection of the Mycobacterium tu-
berculosis complex in smear-negative extrapulmonary samples in an area of low tuberculosis prevalence. J. Clin. Microbiol., 2012,
vol. 50, no. 2, pp. 513—515. doi: 10.1128/JCM.06467-11

16. Naveen P., Nirmal C.K., Balbir M., Kuldip K. Role of geneXpert MTB/RIF in diagnosis of extrampulmonary tubercu-
losis at Gouvernment Medical College, Amritsar. Int. J. Curr. Res. Med. Sci., 2018, vol. 4, no. 3, pp. 134—141. doi: 10.22192/
ijerms.2018.04.03.017

17. Nicol M.P., Whitelaw A., Wendy S. Using Xpert MTB/RIF. Curr. Respir. Med. Rev., 2013, vol. 9, no. 3, pp. 187—192. doi: 10.217
4/1573398X113099990015

18. Peirse M., Houston A. Extrapulmonary tuberculosis. Medicine, 2017, vol. 45, no. 12, pp. 747—752. doi: 10.1016/j.mpmed.2017.09.008

19. Porcel J.M., Palma R., Valdés L., Bielsa S., San-José E., Esquerda A. Xpert® MTB/RIF in pleural fluid for the diagnosis of tuber-
culosis. Int. J. Tuberc. Lung Dis., 2013, vol. 17, no. 9, pp. 1217—1219. doi: 10.5588/ijtld.13.0178

20.

Rakotoarivelo R., Ambrosioni J., Rasolofo V., Raberahona M., Rakotosamimanana N., Andrianasolo R., Ramanampamonjy R.,
Tiaray M., Razafimahefa J., Rakotoson J., Randria M., Bonnet F., Calmy A.; MadaXpert Study Group. Evaluation of the Xpert
MTB/RIF assay for the diagnosis of smear-negative pulmonary and extrapulmonary tuberculosis in Madagascar. Int. J. Infect.
Dis., 2018, vol. 69, pp. 20—25. doi: 10.1016/}.ijid.2018.01.017

83



A. Aainouss et al.

MHdekumns n uMmyHuTeT

21. Sharma B. Polyfunctional T cells as biomarkers in diagnosis of extrapulmonary tuberculosis. Respir. Med., 2017, vol. 5, no. 1, 2 p.

22. Tortoli E., Russo C., Piersimoni C., Mazzola E., Dal Monte P., Pascarella M., Borroni E., Mondo A., Piana F., Scarparo C.,
Coltella L., Lombardi G., Cirillo D.M. Clinical validation of Xpert MTB/RIF for the diagnosis of extrapulmonary tuberculosis.
Eur. Respir. J., 2012, vol. 40, no. 2, pp. 442—447. doi: 10.1183/09031936.00176311

23. Tripathi K., Tripathi P.C., Nema S., Shrivastava A.K., Dwiwedi K., Dhanvijay A.K. Modified Petroff’s Method: an excellent
simplified decontamination technique in comparison with Petroff’s method, I/RTSAT, 2014, vol. 10, no. 3, pp. 461—464.

24,

WHO. Automated real-time nucleic acid amplification technology for rapid and simultaneous detection of tuberculosis and
rifampicin resistance: Xpert MTB/RIF assay for the diagnosis of pulmonary and extrapulmonary TB in adults and children.

Geneva: WHO, 2013. URL: https://pubmed.ncbi.nlm.nih.gov/25473701
25. WHO. Global tuberculosis report, 2019. Geneva: WHO, 2019, pp. §§—92.
26. Wright C.A., van der Burg M., Geiger D., Noordzij J.G., Burgess S.M., Marais B.J. Diagnosing mycobacterial lymphadenitis
in children using fine needle aspiration biopsy: Cytomorphology, ZN staining and autofluorescence — making more of less.
Diagn. Cytopathol., 2008, vol. 36, no. 4, pp. 245—251. doi: 10.1002/dc.20788
27. Zeka A.N., Tasbakan S., Cavusoglu C. Evaluation of the GeneXpert MTB/RIF assay for rapid diagnosis of tuberculosis and
detection of rifampin resistance in pulmonary and extrapulmonary specimens. J. Clin. Microbiol., 2011, vol. 49, no. 12, pp. 4138—

4141. doi: 10.1128/JCM.05434-11

ABTOpBDI:

AaiiHyc A., acnvpaHT, LEHTP MeauLUMHCKo Guonoruv nabopatopum
MukobakTepuii n Tybepkyneaa, MHcTuTyT Mactepa Mapokko,

r. Kacabnarka, Mapokko; acnupaHT kadenpbl 6uonorum,
nabopaTopyisi KOOI N OKPYXAIOLLEN CPeabl, OTAENEHNE
MuKpobronorum HayyHoro dakynsteta ben M’Cuk, YHuBepcutet
Xacana Il r. KacabnaHka, Mapokko;

MowmeH ., acnvpaHT, LEHTP MeanLmMHCKol Guonorum nabopatopum
MukobakTepuii n Tybepkyneaa, MHcTuTyT Mactepa Mapokko,

r. Kacabnanka, Mapokko; nabopaTtopusi MMKpo6uonoruu,
dapmakonorum, GOTEXHONOM MM 1 OKPYXAIOLLEN Cpeibl, PaKynbTeT
Hayku AiiH Yok, YHBepcuTeT Xacana ll, r. KacabnaHka, Mapokko;
Benrutu A, k.H., nabopaTopus 3KOOrUK 1 OKPYXatoLLEel Cpesbl,
OTLENEHVE MUKPOOMONOrM HayuHoro dakynsreta ben M'Cuik,
YuuBepcwuTeT XacaHa ll, r. KacabnaHka, Mapokko;

Bennanum K., Mmarnctp 3apaBooxpaHeHns, aenapTaMmeHT
3NUOEMNONONNM 1 KOHTPONS 3aboneBaHnii, MMHUCTEPCTBO
3apaBooxpaHeHus, r. Pabat, Mapokko;

Jlamaaman A., nHxeHep-akcneprmMeHTaTop nabopatopum
MukobakTepuii n Tybepkyneaa, MHcTuTyT Mactepa Mapokko,

r. Kacabnarka, Mapokko;

LWeTnyu @., nHxeHep-akcnepumeHTaTop fnabopatopum
MukobakTepuii n Tybepkyneaa, MHcTuTyT Mactepa Mapokko,

r. Kacabnarka, Mapokko;

Meccayau M., nHxeHep-akcnepmumeHTaTop nabopatopum
MukobakTepuii n Tybepkyneaa, MHcTuTyT Mactepa Mapokko,

r. Kacabnarka, Mapokko;

Bnaren M., 3aB. nabopatopueit Mukpobrnonorum, Gapmakonoruu,
BGr1OTEXHONOMMM 1 OKPYXAIOLLLEN cpeabl, GakynbTeT HayKn AH
Yok, YHuBepcuteT Xacana ll, r. Kacabnarka, Mapokko; aekaH
dakynsTeTa Hayk dnb-xaavaa, Yausepcutet Lyanba Lykanu,
r. Anb-Ixagmnpa, Mapokko;

Mycnum ., K.H., npodeccop, nabopatopust 3KOI0rUm

1 OKpPY>XatoLLeli cpefibl, OTAENEHNE MUKPOOMONOrN HayYHOTO
dakynsreta ben M’Cuk, YHuBepcuteT Xacana ll, . Kacabnarka,
Mapokko;

KbatTi M., K.H., BeOyLIWiA Hay4YHbI COTPYAHMK nabopaTopum
BUPYCHOW oHKonoruu, UHcTuTyT Mactepa Mapokko, r. KacabnaHka,
Mapokko;

Anb Meccayau M. L., MmarnucTp 3a4paBooxpaHeHus,

3aB. nabopaTopuein MukobakTepuii u Tybepkynesa, UHCTUTYT
Mactepa Mapokko, r. Kacabnaxka, Mapokko.

Authors:

Aainouss A., PhD Student, Medical Biology Center, Laboratory

of Mycobacteria and Tuberculosis, Morocco Pasteur Institute,
Casablanca, Morocco; PhD Student, Department of Biology,
Laboratory of Ecology and Environment, Microbiology Unit, Faculty
of Science Ben M’Sik, Hassan Il University, Casablanca, Morocco;
Momen G., PhD Student, Medical Biology Center, Laboratory

of Mycobacteria and Tuberculosis, Morocco Pasteur Institute,
Casablanca, Morocco; PhD Student, Laboratory of Microbiology,
Pharmacology, Biotechnology and Environment, Faculty of Science
Ain Chock, Hassan Il University, Casablanca, Morocco;

Belghiti A., PhD, Laboratory of Ecology and Environment,
Microbiology Unit, Faculty of Science Ben M’Sik, Hassan Il
University, Casablanca, Morocco;

Bennani K., MD, MPh, Department of Epidemiology and Disease
Control, Ministry of Health, Rabat, Morocco;

Lamaammal A., Engineer, Laboratory of Mycobacteria and
Tuberculosis, Morocco Pasteur Institute, Casablanca, Morocco;
Chetioui F., Engineer, Laboratory of Mycobacteria and
Tuberculosis, Morocco Pasteur Institute, Casablanca, Morocco;
Messaoudi M., Engineer, Laboratory of Mycobacteria and
Tuberculosis, Morocco Pasteur Institute, Casablanca, Morocco;
Blaghen M., Head of the Laboratory of Microbiology,
Pharmacology, Biotechnology and Environment, Faculty of Science
Ain Chock, Hassan Il University, Casablanca, Morocco;

Dean of the Faculty of Sciences El Jadida, University Chouaib
Doukkali, El Jadida, Morocco;

Mouslim J., PhD, Professor, Laboratory of Ecology

and Environment, Microbiology Unit, Faculty of Science Ben M'Sik,
Hassan Il University, Casablanca, Morocco;

Khyatti M., PhD, Leading Researcher, Laboratory of Viral Oncology,
Morocco Pasteur Institute, Casablanca, Morocco;

El Messaoudi M.D., MD, MPh, Head of Laboratory of Mycobacteria
and Tuberculosis, Morocco Pasteur Institute, Casablanca, Morocco.

MocTynuna B pegakumio 07.03.2021
OtnpaBneHa Ha gopaboTky 23.06.2021
MpuHsaTa k neyatn 09.08.2021

Received 07.03.2021
Revision received 23.06.2021
Accepted 09.08.2021

84




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


