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Abstract. Pleural tuberculosis (pT B) is a very common form of extrapulmonary tuberculosis (TB). pT B diagnostics repre-
sents a major burning challenge worldwide due to the limitations of available conventional diagnostic tools. These latter
include microscopic examination of the pleural fluid for acid-fast bacilli, mycobacterial culture of pleural fluid in solid
or liquid media, sputum or pleural tissue, and histopathological examination of pleural tissue; these tests have recognized
limitations for clinical use. Hence, to overcome these limitations, attention has been devoted to new nucleic acid amplifi-
cation (NAA) diagnostic tests such as the polymerase chain reaction (PCR) and real-time PCR (RT-PCR), owing to their
accuracy, rapidity, high sensitivity and specificity. Within this context, this prospective study was conducted to evaluate
the performance of molecular diagnosis methods for differentiation between tuberculosis and non-tuberculosis pleural ef-
fusions. Fifty patients with pleural effusion were enrolled in this prospective study in Rabat, Morocco. The efficacy of con-
ventional polymerase chain reaction (PCR) in the diagnostics of tuberculous pleurisy by targeting IS6//0 and mycobacte-
rial internal transcribed spacer (MYITS) was evaluated compared to histopathologic examination and culture data. Our
results showed that IS67/7/0 PCR could “rule in” pTB, the sensitivity and specificity being 41.6% and 85.7%, respectively.
Therefore, the findings confirmed that molecular tests exert a relatively high specificity in EPTB but lower sensitivity, thus
a positive test is considered as a pT B case whereas negative one cannot exclude the disease. Although the study was limited
by a small sample size, it adds to the body of evidence of usefulness of molecular testing as adjuncts to histopathologic
examination for accurate diagnosis of pI'B, to treat timely and to avoid the emergence and spread of drug resistant pTB.
However, further efforts should be made to increase the sensitivity of NAA methods and to identify the best molecular
targets to be useful in clinical practice.

Key words: pleural tuberculosis, Mycobacterium tuberculosis, polymerase chain reaction, 1S6110, mycobacterial internal transcribed
spacer (MYITS).
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B cBsI31 ¢ 3TUM Hallle BHUMaHKe OBLIO HAIIPaBJICHO Ha pa3pa0d0TKy HOBBIX JUArHOCTHMYECKUX TECTOB, OCHOBAHHBIX
Ha amriMpukauuu HykjaenHoBelX KucaoT (ITHP u PT-TTIIP), kak Haubojee TOUYHBIX, ObICTPHIX, BHICOKOYYBCTBHU-
TeJbHBIX U crielMbUYHBIX. B 3TOM KOHTEKCTe JaHHOE McCcleqoBaHKe ObII0 TPOBEAEHO 715 OLICHKHU 3(PGhEeKTUBHOCTH
METOIOB MOJIEKYJISIPHON ITMArHOCTUKM Tpu AuddepeHIIualuy MUKOOAKTEpUii TyOepKyJae3a U HeTyOepKyIe3HbIX
MMKOOaKTepuii B IJIeBpajbHOM 3KccynaTe. [19ThaecsaT malMeHToB ¢ TJCBPUTOM ObLIM BKJIIOUEHBI B TIPOCIIEKTUBHOE
uccienosanue B . Padar, Mapoxkko. DdpdexktuBHocts TP nByx IHK-mumeneit — 1S67/70 n Mmukob6akTepralbHOTO
BHYTpeHHero TpaHckpuodupyemoro crneiicepa (MYITS) — nisg amarHocTUKM TyOepKyJIe3HOTO IIEBPUTA OLIEHUBAIA
Ha OCHOBaHUY CPABHEHMS C pe3yJbTaTaMM TUCTOJOTMYECKOTO UCCIICIOBAHUS U KYIbTUBUPpOBaHUS. Hatm pe3yabTaTel
nokasanu, uyto 1S6110-T11P moxeT BoisiBUTH PI'B ¢ 4yBCTBUTEIBHOCTHIO U criel(UIHOCTLIO 41,6 1 85,7% cooTBeT-
cTBeHHO. TakuM 00pa3oM, TIOJTYUCHHBIC pe3yIbTaThl IIOATBEPKIAIOT, UTO MOJIEKYIISIPHBIC TECTH UMEIOT OTHOCUTEThb-
HO BBICOKYIO CITEIM(pUUHOCTD IJIsI TMaTHOCTUKH BHEJIETOUHOTO TyOepKyJsie3a, Ho 0ojice HU3KYIO YYBCTBUTECIBHOCTb,
ITO3TOMY ITOJIOKUTEIBHBIN pe3yabTaT paccMaTpUBaeTCs KakK IMOATBepxXacHUe pI B, Torma Kak oTpuIaTeIbHBIN TeCT
HE MOXET MCKJIIoYaTh 3a0oseBaHue. XOTS MCCenoBaHMe ObLJIO OrpaHUYEHO HEOOJNBITUM pa3MepoOM BBIOOPKHU, OHO
J00aBIISIET K COBOKYITHOCTH OKA3aTeJIbCTB IMOJIE3HOCTH MOJIEKYJISIPHOTO TECTMPOBAHMUS B KAaYeCTBE JOTIOJTHEHMS
K THUCTOJIOTMYECKOMY MCCIEA0BAHUIO IJISI TOYHOM TuarHocTuKu pl B, cBOeBpeMEeHHOro JIeUeHU s U TPEeIOTBPaLlCHU ST
MOSIBJIEHUSI M PacCIpOCTPaHEHUs JeKapCcTBeHHO-ycToliunBoro pI' B. HeobxonuMpl manbHelIe UccaeqoBaHUS A
MOBBIILIEHUST YYBCTBUTEIBHOCTH MOJIEKYJISIPHBIX METOJIOB M OIPeNeIeHMsT ONTUMATbHBIX MOJEKYISIPHBIX MUIIICHEH,
KOTOPBIE MOTYT OBITH IOJIE3HBI B KIMHUYECKOM TTPaKTHKE.

Karoueesvie caosa: mybepkynesnuiii naespum, Mycobacterium tuberculosis, noaumepasnas yennas peaxuyus, 186110, snympennuii

mpanckpubupyemvlii cneticep mukooaxmepuii (MYITS).

Introduction

Tuberculosis (TB) is a major public health concern
worldwide. The World Health Organization (WHO)
estimated 10.4 million incident cases of TB and 1.67
million TB deaths in 2017. Of the 6.4 million new TB
cases recognized by WHO in 2017, 14% were extrapul-
monary TB cases (EPTB); incidence rates are ranging
from 8% in the Western Pacific Region to 24% in the
Eastern Mediterranean Region [23]. It has been re-
ported that pleural tuberculosis (pI' B) is the most com-
mon extrapulmonary form in adults worldwide. EPTB
is referred to as TB involving organs other than lungs.
Independent risk factors of EPTB were reported in the
literature to be mainly young age, female gender, im-
munogenetic background and HIV infection [18, 20].

In Morocco, the proportion of EPTB was 53%
among all TB reported cases, and the diagnosis
isbased onclinicalsignsand/orhistology. Ofnote, pI' B
and ganglionnary TB (tuberculous lymphadenitis) are
the most common forms of EPTB in Morocco [§].
Although tissue biopsy is the most effective method
for EPTB diagnosis, it is invasive and sometimes in-
accessible. In contrast, pleural, peritoneal, and peri-
cardial fluids are easily accessible and provide valu-
able diagnostic clues in EPTB patients [12]. However,
a body fluid biopsy may not exclude EPTB as atypical
features may be present. Indeed, tuberculous pleu-
ral fluid is invariably an exudate, with lymphocytic
predominance in about 90% of cases [3]. Usually,
conventional diagnostic tests such as microscopic ex-
amination of pleural fluid, biochemical assays, myco-
bacterial culture from pleural liquid and histopatho-
logical examination of pleural fluid are widely used
but still have limitations. Indeed, it has been reported
that microscopy of the pleural fluid for acid-fast ba-
cilli (AFB) is positive in less than 5% of tuberculous

pleurisy cases, except for HIV-infected patients and
tuberculous empyema. Moreover, a mycobacterial
culture of pleural fluid has also low sensitivity rang-
ing from 24 to 58%; it is also limited by lengthy delays
of up to 8 weeks to get results if solid culture media
are used [1, 21]. To overcome these limitations, atten-
tion has been paid to new nucleic acid amplification
(NAA) diagnostic technologies such as the polymer-
ase chain reaction (PCR) and real-time PCR, ow-
ing to their rapidity, high sensitivity, and specificity.
Hence, the present study aimed to evaluate the perfor-
mance of MYITS (mycobacterial internal transcribed
spacer) and IS6/10 PCR based assays for the detec-
tion of Mycobacterium tuberculosis complex (MTBC)
strains in pleural liquid compared to results generated
by culture and histologic examination of pleural fluid
as well as culture and to assess efficiency and practi-
cality of the PCR based methods for MTBC detection
and better management of EPTB in Morocco.

Materials and methods

Patients. A total of 50 patients suspected of hav-
ing pleural effusion (PE) or had evidence of PE ac-
cording to chest X-ray results and medical records,
referred to Moulay Youssef university hospital
in Rabat, from June 2015 to July 2016 were included
in this prospective study. The study was approved by
the Ethical Committee for Biomedical Research,
School of Medicine and Pharmacy, Mohammed V
University of Rabat. Patients were informed on the
objectives of the study and gave written informed
consent for their participation in the present study.

Study design and sample collection. For each sub-
ject, the pleural fluid collected in a sterile tube was
used for diagnosis including (i) Histology of pleural
fluid; (ii) Ziehl—Neelsen (ZN) microscopy of pleural

492



2021, T. 11, Ne 3

Molecular diagnostics of pleural tuberculosis in Morocco

fluid; (iii) Culture of pleural fluid for M. tuberculosis
and (iv) PCR amplification to detect mycobacteria be-
longing to Mycobacterium genus and species belonging
to M. tuberculosis complex. To fulfill those purposes,
an aliquot of 5—10 ml of pleural fluid was submitted
for cytology, biochemical testing, and histopathologic
examination. An aliquot of 2 ml of the pleural fluid
was centrifuged at 3,000g for 15 min, the superna-
tant was decanted out, and a 0.5 ml of sediments was
subjected to molecular analysis. Another 2 ml of the
concentrated pleural fluid was simultaneously sent
to mycobacteriological laboratory for ZN staining fol-
lowed by smear microscopy and mycobacterial culture
on Lowenstein-Jensen medium for 4 to 8 weeks.

DNA extraction. Sediments from 0.5 ml of PE
were subjected to microcentrifugation at 11,000g
for 10 min and resuspension in 400 pL of distilled
water. DNA was then extracted by simple boiling
method for 10 minutes to release DNA [6].

Amplification of mycobacterial DNA. DNA was
subjected to conventional PCR amplification by two
sets of specific primers, MYITSand IS6110, to detect
DNA of the members of Mycobacterium genus and
M. tuberculosis complex species, respectively. The se-
quences and characteristics of used primers are given
in Table 1.

PCR reactions were performed in a final volume
of 25 uL containing 5 pl of 5X MyTaq reaction buffer
(Bioline); 0.5 ul of each of 10 uM oligonucleotide
primers; 1U of MyTaq DNA polymerase (Mytaq,
Bioline); 16.8 pl of Nuclease free water and 2 puL
of crude DNA. The reaction was subjected to a PCR
protocol as follows: an initial denaturation at 95°C
for 2 min followed by 30 cycles each containing dena-
turation at 95°C for 15 sec, annealing at correspond-
ing Tm for 15 sec and extension of 72°C for 30 sec fol-
lowed by a final extension at 72°C for 7 min at the end
of the last cycle. For each set of analyses, a positive
control (DNA of M. tuberculosis H37Rv) and a nega-
tive control (2 pl of PCR grade water) were included.
The amplified DNA products were visualized by UV
illumination after agarose gel electrophoresis and
green viewer staining.

Table 1. Primers for PCR amplification

Results

Patients and pleural fluid characteristics. 50 pa-
tients enrolled in this study originated mainly from
Rabat, Morocco. The demographic and clinical data
showed that the mean age of patients was 34.3 years
ranging from 17 to 81 years; the sex-ratio being 1.2
(28 males vs. 22 females). For pleurisy localization,
48% of patients had right side pleurisy, 42% had left
side pleurisy, whereas 10% had pleurisy on both sides.
The effusion was an exudate with high protein con-
tent in 90% of cases. The cytological examination re-
vealed lymphocyte predominance in 92% of pleural
effusions. Thoracentesis revealed that pleural fluid
was yellow-colored in 88% of cases whereas turbid
and sero-sanginous aspects were reported each in 6%
of cases.

The ZN staining smear microscopy and LJ me-
dium culture were negative for all cases. Histological
examination showed that 72% of patients had pTB
(36/50), whereas 20% had inconclusive results
(10/50). The histology examination was not per-
formed for 8% of patients (4/50) because of insuffi-
cient volume of pleural fluid.

Molecular analysis by PCR using specific prim-
ers targeting MYITS and 1S6/10 regions showed
in positive cases the PCR products of 350—500 bp
and 125 bp respectively. Out of 50 suspected patients
with pleurisy, 34% (17/50) and 38% (19/50) were
1S6110 PCR and MYITS PCR-positive, respectively
(Table 2). For instance, 30% of specimens were posi-
tive forboth MYITS and 1S6110(15/50); 4% of speci-
mens were determined to be positive by 1S677/0 but
negative by MYITS (2/50). Of particular interest, all
1S6110positive cases (17/50) had conventional char-
acteristics in favor of EPTB, including clinical signs,
histological results. All these patients had clinical
follow-up, and consequently received anti-TB treat-
ment. In contrast, 8% of samples were rather positive
for MYITS and negative for IS6110 (4/50); this result
is likely to rule out pTB. For these cases, the histo-
pathologic examination of the pleural fluid was not
conclusive.

Target Primer Sequence Tm Fragment length Reference
MYITS F 5-GATTGGGACGAAGTCGTAACAAG-3’
MYITS 60°C 350-500 bp [16]
MYITSR 5-AGCCTCCCACGTCCTTCATCGGCT-3’
ISF 5'-CCTGCGAGCGTAGGCGTCGG-3’
1IS6110 65°C 123 bp [14]
ISR 5’-CTCGTCCAGCGCCGCTTCGG-3

Table 2. AFB smear microscopy, LJ culture, PCR1S6110, and PCR MYITS results in suspected patients with

pleural tuberculosis (n = 50)

No. AFB smear L/J culture MYITS PCR IS6110 PCR e
of specimens
Pos Neg Pos Neg Pos (%) Neg Pos (%) Neg Pos (%) Neg
50 0 50 0 50 | 19(38%) | 31 |17(34%)| 33 |15(30%)| 35
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Table 3. Comparison of PCR IS6110 results with
histopathologic data

Confirmed | No conclusive
pTB by exam for pTB
N=50 histologic by histologic Total
examination | examination

(n=36) (n=14)
PCRIS6110+ 15 2 17
PCRIS6110- 21 12 33
Total 36 14 50
Sensitivity (%) 41.6%
Specificity 85.7%

Correlation between molecular and histopatho-
logical results showed that out the 36 pTB cases con-
firmed by histopathological examination, 15 cases
were MTBC positive by PCR method targeting
IS6110in contrast to ZN staining smear microscopy
and LJ culture that failed to detect positive MTBC
cases (Table 2).

The efficiency of the IS67/0 PCR analysis com-
pared with the histopathological examination was
estimated by the calculation of sensitivity and speci-
ficity (Table 3).

Discussion

The diagnosis of extrapulmonary infection with
the MTBC is challenging because of the absence
of a uniform reference standard [22]. As such, defini-
tive and accurate diagnosis is often problematic, since
the number of bacteria in extrapulmonary specimens
is by far lower than the one in pulmonary speci-
mens [10]. Furthermore, the collection of extrapul-
monary material often requires invasive procedures.
Moreover, it may be difficult to obtain additional
samples for patient follow-up. Consequently, moni-
toring of treatment outcomes is difficult to estab-
lish. Recently, Pang et al. reported that the diagnosis
of most of extrapulmonary TB cases relies on clinical
symptoms, thus generating diagnostic delays as well
as misdiagnosis of extrapulmonary TB cases [18].

The pI'B is the most common etiology of pleural
effusion [13]. Its diagnosis relies on ZN smear mic-
roscopy, which is albeit its low cost and speed to be
performed, is not an efficient tool (sensitivity ranging
from from 0 to 40%) in pI'B patients with the low my-
cobacterial load. A concentration of 10,000 AFB/ml
is required to be seen on microscopy, thus, ZN smear
microscopy is not an efficient tool in pI'B patients with
the low mycobacterial load. Moreover, this convention-
al technique is not able to differentiate between MTBC
species and nontuberculous mycobacteria. Likewise,
culture identification, although recognized as the gold
standard method, has a sensitivity ranging from 0
to 80% in EPTB as 10 to 100 viable bacilli are manda-
tory for positivity. Additionally, mycobacterial culture
takes 6 to 8 weeks to get results which causes diagnosis
delays and affects clinical and therapeutic management
and clinical and therapeutic decisions [15].

In the present investigation, ZN staining smear
and culture did not detect any positive pI'B case.
These results are in agreement with those reported
by Makeshkumar et al. (2014), who found 0% sensi-
tivity of both smear microscopy and culture identifi-
cation [14]. However, other studies reported the sen-
sitivity of culture ranging from 12 to 56% [7, 10].
Therefore, more advanced techniques for diagnosis
are highly sought by clinicians and worldwide TB na-
tional control programs.

During the last decade, considerable efforts have
been made towards the development of NAA tests
for rapid and accurate diagnosis of pI' B using different
gene targets such as IS67/70, GCRS and MPB-64 [15].
Of note, the IS6770 PCR is a widely used test to de-
tect MTBC strains because of the presence of multi-
ple copies within the MTBC genome. In the present
investigation, out of 19 patients positive for MYITS,
78.9% had 1S6110 in their genome. Likewise, Diraa
et al. (2005) reported that 92% of MTB strains
from Morocco harbored 6—14 copies of 1S6110 [4].
However, in some MTBC strains, especially from
Asia, there are few or zero copies of IS67//0in the ge-
nome [19], which underlines the importance of the
combination of two or more gene targets cither by
mono or multiplex PCR to conclude for pTB.

The results from this study reported that 41.6%
of confirmed pI'B are due to species belonging
to MTBC (15/36); this rate could increase by ap-
plying more accurate techniques for DNA extrac-
tion and by testing other target genes to reach better
sensitivity. Of note, four pleural fluid specimens were
positive for MYITS but negative for IS61/0 meaning
that those patients were infected by NTM species.

These results confirmed that molecular tests have
a relatively high specificity in EPTB but lower sen-
sitivity; thus, a positive test is treated as a pI'B case
whereas negative one cannot exclude the disease.
This low sensitivity can be attributed to some techni-
cal constraints in nucleic acid extraction, PCR fail-
ure due to the presence of inhibitors in the pleural
fluid such as host proteins, and to the paucibacillary
nature of the disease.

Although NAA tests are of great value to shorten
the turnaround time, they present major drawbacks and
may generate either a high risk of false-positive results
due to either laboratory contamination or the presence
of killed or dormant bacilli in the patient specimens.
Also, there is high risk of false-negative outcomes due
to the paucibacillary nature of the disease, unequal dis-
tribution of acid-fast bacilli in large volume of fluids,
lack of adequate clinical sample volume [5].

To enhance the sensitivity of molecular tests, real-
time PCR to quantify bacterial load, reducing hands-
on time and decreasing the risk of cross contamination
was developed [17]. In this field, the PCR based com-
mercially available Xpert MTB/RIF assay, allowing
the identification of both M. fuberculosis and rifampi-
cin resistance, was developed [2, 9].
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EPTB diagnosis is crucial to timely treat patients.
Like for TB, the recommended therapy for pI'B
is the standard 6-month regimen consisting of a two-
month intensive phase of Rifampicin, Isoniazid,
Pyrazinamide, Ethambutol (RHZE), followed by
a four-month continuation phase with RH [24].
Along with the drug regimen, a therapeutic thora-
centesis in patients with large, symptomatic effusions
should be performed. Given that pleural effusions
have low microbial load, shorter regimens have been
administered and had a low relapse rate [11]. Of note,
drug susceptibility testing of pleural biopsy must be
considered in settings where the prevalence of drug-
resistant TB is high. Treatment regimens are identi-
cal to those administered for pulmonary TB.

This study highlights the need for implementing
NAA techniques in EPTB management. However,
it has some limitations related to the technical con-
straints: (i) PCR results from this study were evalu-
ated against histopathological examination and com-
prehensive clinical follow-up since smear microscopy
and culture were negative for all cases, (ii) the study
was performed on crude DNA. To definitely con-
clude about the sensitivity and specificity of mo-
lecular tests, NAA techniques should be performed
preferably on purified DNA, and other targets genes
should be tested in combination.

Conclusion

To the best of our knowledge, this is the first study
aiming to diagnose TB pleural effusion in Morocco
by NAA tests. In spite of its limitations, it adds to the
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