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Abstract. Pleural tuberculosis (pTB) is a very common form of extrapulmonary tuberculosis (TB). pTB 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 IS6110 and mycobacte-

rial internal transcribed spa cer (MYITS) was evaluated compared to histopathologic examination and culture data. Our 

results showed that IS6110 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 pTB 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 pTB, 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, IS6110, mycobacterial internal transcribed 

spacer (MYITS).
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Резюме. Туберкулезный плеврит (pleural tuberculosis — pTB) является очень распространенной формой внеле-

гочного туберкулеза (ТБ). Его диагностика представляет собой серьезную проблему во всем мире из-за недо-

статков традиционных диагностических методов. К последним относятся микроскопическое исследование 

плевральной жидкости на наличие кислотоустойчивых микроорганизмов, культивирование микобактерий 

из плеврального экссудата на твердых или жидких средах и гистологическое исследование биопсии плевры. 
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В связи с этим наше внимание было направлено на разработку новых диагностических тестов, основанных 

на амплификации нуклеиновых кислот (ПЦР и РТ-ПЦР), как наиболее точных, быстрых, высокочувстви-

тельных и специфичных. В этом контексте данное исследование было проведено для оценки эффективности 

методов молекулярной диагностики при дифференциации микобактерий туберкулеза и нетуберкулезных 

микобактерий в плевральном экссудате. Пятьдесят пациентов с плевритом были включены в проспективное 

исследование в г. Рабат, Марокко. Эффективность ПЦР двух ДНК-мишеней — IS6110 и микобактериального 

внутреннего транскрибируемого спейсера (MYITS) — для диагностики туберкулезного плеврита оценивали 

на основании сравнения с результатами гистологического исследования и культивирования. Наши результаты 

показали, что IS6110-ПЦР может выявить pTB с чувствительностью и специфичностью 41,6 и 85,7% соответ-

ственно. Таким образом, полученные результаты подтверждают, что молекулярные тесты имеют относитель-

но высокую специфичность для диагностики внелегочного туберкулеза, но более низкую чувствительность, 

поэтому положительный результат рассматривается как подтверждение pTB, тогда как отрицательный тест 

не может исключать заболевание. Хотя исследование было ограничено небольшим размером выборки, оно 

добавляет к совокупности доказательств полезности молекулярного тестирования в качестве дополнения 

к гистологическому исследованию для точной диагностики pTB, своевременного лечения и предотвращения 

появления и распространения лекарственно-устойчивого pTB. Необходимы дальнейшие исследования для 

повышения чувствительности молекулярных методов и определения оптимальных молекулярных мишеней, 

которые могут быть полезны в клинической практике.

Ключевые слова: туберкулезный плеврит, Mycobacterium tuberculosis, полимеразная цепная реакция, IS6110, внутренний 

транскрибируемый спейсер микобактерий (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 (pTB) 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 

is based on clinical signs and/or histology. Of note, pTB 

and ganglionnary TB (tuberculous lymphadenitis) are 

the most common forms of EPTB in Morocco [8]. 

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 

pleu risy 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 cul ture 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 IS6110 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 MTBС 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 
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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 μL 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, MYITS and 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 μL containing 5 μl of 5X MyTaq reaction buffer 

(Bioline); 0.5 μl of each of 10 μM oligonucleotide 

primers; 1U of MyTaq DNA polymerase (Mytaq, 

Bioline); 16.8 μl of Nuclease free water and 2 μL 

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 μl of PCR grade water) were included. 

The amplified DNA products were visualized by UV 

illumination after agarose gel electrophoresis and 

green viewer staining.

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 IS6110 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 

IS6110 PCR and MYITS PCR-positive, respectively 

(Table 2). For instance, 30% of specimens were posi-

tive for both MYITS and IS6110 (15/50); 4% of speci-

mens were determined to be positive by IS6110 but 

negative by MYITS (2/50). Of particular interest, all 

IS6110 positive 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.

Table 1. Primers for PCR amplification

Target Primer Sequence Tm Fragment length Reference

MYITS
MYITS F 5’-GATTGGGACGAAGTCGTAACAAG-3’

60°C 350–500 bp [16]
MYITS R 5’-AGCCTCCCACGTCCTTCATCGGCT-3’

IS6110
IS F 5’-CCTGCGAGCGTAGGCGTCGG-3’

65°C 123 bp [14]
IS R 5’-CTCGTCCAGCGCCGCTTCGG-3’

Table 2. AFB smear microscopy, LJ culture, PCR IS6110, and PCR MYITS results in suspected patients with 

pleural tuberculosis (n = 50)

No. 
of specimens

AFB smear L/J culture MYITS PCR IS6110 PCR
MYITS PCR

and IS6110 PCR

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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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 

IS6110 in contrast to ZN staining smear microscopy 

and LJ culture that failed to detect positive MTBC 

cases (Table 2).

The efficiency of the IS6110 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 pTB 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 pTB 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 pTB 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 

stan dard 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 pTB 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 pTB using different 

gene targets such as IS6110, GCRS and MPB-64 [15]. 

Of note, the IS6110 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 IS6110 in their genome. Likewise, Diraa 

et al. (2005) reported that 92% of MTB strains 

from Morocco harbored 6–14 copies of IS6110 [4]. 

However, in some MTBC strains, especially from 

Asia, there are few or zero copies of IS6110 in the ge-

nome [19], which underlines the importance of the 

combination of two or more gene targets either by 

mono or multiplex PCR to conclude for pTB.

The results from this study reported that 41.6% 

of confirmed pTB 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 IS6110 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 pTB 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. tuberculosis and rifampi-

cin resistance, was developed [2, 9].

Table 3. Comparison of PCR IS6110 results with 

histopathologic data

N = 50

Confirmed 
pTB by 

histologic 
examination

(n = 36)

No conclusive 
exam for pTB 
by histologic 
examination

(n = 14)

Total

PCR IS6110+ 15 2 17
PCR IS6110– 21 12 33
Total 36 14 50
Sensitivity (%) 41.6%
Specificity 85.7%
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EPTB diagnosis is crucial to timely treat patients. 

Like for TB, the recommended therapy for pTB 

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 

body of evidence on the usefulness of molecular test-

ing as adjunct approach for accurate diagnosis and 

timely treatment of patients with pTB, thus allowing 

to avoid the emergence and spread of drug-resistant 

pTB. However, further efforts should be made to find 

the accurate method for DNA extraction from pleu-

ral fluid to increase the sensitivity of IS6110 PCR 

methods and to identify the best molecular targets 

to be helpful in clinical practice.
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