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YIELD OF AUTOMATED REAL TIME PCR IN THE DIAGNOSIS OF ABSTRACT
EXTRAPULMONARY TUBERCULOSIS (EPTB) IN PAKISTAN

ABSTRACT

Extrapulmonary tuberculosis (EPTB) represents 19%‘ of total tuberculosis (TB) cases in
Pakistan. Since routine procedures like culture and microscopy have restrictions, rapid and
absolute diagnosis of extrapulmonary tuberculosis is challenging. Latest diagnostic released
have upgrade this prospective yet beyond the means of many high burden resource limited
settings these new diagnostic approaches demand highly sophistif:ated set up. Automated
Xpert MTB/RIF assay with its influential utility for identification of MTB and rifampicin
resistance assures to overcome these operational difficulties to great extent. A total of 597
samples submitted to the National Reference Laboratory (NRL) Pakistan for EPTB diagnosis
from January 2015 to September 2015 were éomparétively investigated with the new
molecular-based GeneXpert MTB/RIF (Xpert) assay system, Fluorescence microscopy and
conventional culture methods. Valid results were obtained for 512 specimens. Sensitivity and
Specificity of Gene Xpert when compared with Fluorescencle microscopy was found to be
96.8% and 92.8% respectively while calculated sensitivity and specificity in reference with
culture method was 74% and 85%. Good diagnostic potential of Gene Xpert was found for
non sterile specimen like pus (65.7%) and lymph node (56.2%) and comparatively low
sensitivity for sterile specimens like CSF (8.2%) when compareci with r.eference methods.
The assay correctly detected rifampicin resistance in all cases found resistance on phenotypic
DST. There was not any case resistant on Gene Xpert and susceptible on phenotypic DST and
vice versa. MDR TB was reported in 13.6% cases. Ofloxacin mono resistance was 9.2% in
general and 40% among MDR isolates. In conclusion, In resource-constrained settings this

platform is exceptionally an optimistic approach for close to patient TB diagnosis.
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1.7.2 Extrapulmonary Tuberculosis

Extrapulmonary Tuberculosis is related to presence of MTB infection in any organ
except lungs. Tuberculosis bacilli might be carried through blood circulatory or lymphatic
system to any part of body, and undergo dormancy for several years before causing infections
(Chander et al., 2010).Profoundly vascular areas, for example, spine meninges, lymph nodes,
growing ends of the bones and kidney are normally influenced in EPTB. Other infected sites
may include liver, GI tract, pleura, genito-urinary tract, skin, peritoneum and pericardium
{(Wares et al., 2005).Among entire TB cases 15 to 20 % are coniributed by extrapulmonary

tuberculosis (Sharma & Mohan, 2004).

Fig 1.3 Various forms of extrapulmonary tuberculosis

{Kandola & Meena, 2014)
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1

infection; 66% of patients are 21-40 years of age and the average age of the infected

individuals is 30-40 years. Abdominal TB might affect children with different spectrum

compared to adults (Kapoor, 1998).
1.9.5.1 Peritoneal Tuberculosis

This form of TB involves the organs like omentum, intestine (small and large), spleen,
liver female genital tract including parietal and visceral peritoneum. It rc;presents almost 1-
2% of totial TB cases (Mimidis & G Kartalis, 2007). The ailment exhibit three different
manifestation including wet ascetic, fibrotic fixed and dry plastic form having related clinical
symptom except dry plastic form which is not characterized by abdominal distension (Sanai
& Bzeizi, 2005). Common clinical findings include weakness, fever, loss of appetite, weight

loss, anxiety and abdominal distention (Mimidis & G Kartalis,; 2007).
1.9.5.2 Gastrointestinal Tuberculosis

Gl tuberculosis of ileocecal region is most common followed by jejunum and colon.

Other rarely infected organs include oesophagus, stomach and duodenum (Debi et al., 2014).
1.9.5.2.1 Tuberculosis of the Oesophagus

{
Tuberculosis of Oesophagus is comparatively uncommon form of EPTB accounts for

only 0.2 % of total cases of abdominal TB. Disease mainly occurs by expansion of infection
from nearby lymph nodes. Disease is characterized by low fever, odynophagia, ulcer,

discomfort in swallowing and most often midoesophageal (Sharma & Bhatia, 2004).

1.9.5.2.2 Gastric TB

i
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CHAPTER 1 | INTRODUCTION

1.10.2.1 Direct Microscopic Examination

Identification of acid fast bacilli using stained-sputum microscope is still the most
convenient, simple, cheap and fast diagnostic procedure (Wright et al., 1998).Acid fast
terminology comes from the fact that stain forms complex wit'h mycolic cell wall helping the
acid-fast bacilli in retaining the dye even by using acid alcohol. Mycobacterium bacilli are
identified using light microscope (100 x oil immersion objective) or a fluorescent microscope
(25x or 40x objective) on the basis of dye used (Babady & Wengenack, 2012). Fluorescence
and ZN staining share same specificity but sensitivity of Fluorescence staining is found to be
10% more than ZN (Chaidir et al., 2013; Cattamanchi et al., 2009). Low sensitivity and
operator performance dependency are the factors that question the reliability of this technique

(Molicotti et al., 2014).

1.10.2.2 Culture

When it comes to diagnosis and drug sensitivity testing, culture always serves as a
standard diagnostic procedure (Jaiswal er al., 2013).Culture is more efficient than smear
microscopy i.e. it can detect as few as 101-102 organisms per ml of the sample (Molicotti ef
al., 2014).Culture methods based on use of Lowenstein-Jensen (LJ) or 7H11 medium are
inexpensive and easy but are time consuming i.e. they take four to six weeks for diagnosis
which is the major drawback (Jaiswall et al., 2013).Then there are various commercially
accessible partially automated liquid culture system used for detection of both mycobacteria
and MTB complex. One of the most extensively used instrument for mycobacterial detection
is the broth-based Bactec 460 TB system although the method is costly and is source of
radioactive waste moreover, requires sophisticated laboratory setting for proper
working(Samra et al., 2000; Welch et al.,. 1993) .Another culture method called as MGIT

system (Mycobacteria growth indicator tube) which is nonradioactive broth-based technique

has recently been launched. System use fluorochromes for early growth detection (7-12

YIELD OF AUTOMATED REAL TIME PCR IN THE DIAGNOSIS OF EXTRAPULMONARY i _‘%
TUBERCULOSIS (EPTB) IN PAKISTAN










Fig 1.4 Different steps of Gene Xpert MTB/Rif assay(Weyer et al., 2013)

e BD ProbeTec is semi automated strand displacement amplification based test which
uses 16S rRNA gene and IS6110 insertion chain as primary amplification target.
Other commercially available systems e.g GenoType® Mycobacteria Direct Test and
Real-Time PCR are also used for diagnosis of MTB. In short highly sensitive NAA-
based tests are always preferred one when it comes to diagnosis of tuberculosis
(Sahin, 2013).
1.10.2.4 Immunochromatographic Test
ICT is antibody based test that identify tuberculosis on the basis of the antibodies
(IGg) produced in response to five purified MTB antigens. Immobilized MTB antigens
produced during active TB is present in a lane on test strips. The test has high specificity for
active tuberculosis actively growing organisms produce the target protein MPB64
(Gounder et al., 2002).Positive result is indicated by of one or more pink line on a strip

produced in response to binding of anti human IgG to human IgG (Fig 1.5)(Pottumarthy er



al., 2000).The tests do not demand any additional apparatus and give final results within 15

minutes (Grobusch er al., 1998).

Fig 1.5 (a) The test sample is placed in the sample well(b)Positive and negative result

indicated by immunochromatographic device (McNerney & Daley, 2011)

1.11 Drug Resistance in Tuberculosis

Drug resistance in mycobacterium tuberculosis is referred to decrease in sensitivity of
TB bacilli to antituberculosis drugs (Willcox, 2012).Antituberculosis medications can be
called as two-edge sword. On one end they eliminate infectious bacterta while on other side
they select resistant microorganism for which those medication are no more effective
{Johnson et al., 2007). Multi drug resistance development in mycobacterium is an issue of
great concern now a day. MDR-TB is a disease condition referring to the resistance to two
chief first line antituberculosis agents such as rifampicin and isoniazid with or without
resistance to other medication. This is due to the fact that no new drug has been particularly
created after rifampicin (1967) for the treatment of this fatal ailment. Patients some time

develop other forms such as extensively drug resistance TB and totally drug resistance TB
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3. Results

3.1 Patient Enrollment and Sample Received

The study includes 597 specimens received from different health facilities of Rawalpindi
and Islamabad (Table 3.1} between January 2015 and September 2015. The maximum number of
samples received were from patients in the age group of 0-14 year(n=[25) accounting 20.9%of
the total followed byi5-24 year (n=106), 25-34 year (n=90), 35-44 year (n=82), 45-54 year
(n=74), 55-64 year (n=63) accounting 17.7 %, 150%, 1377 123% and 10.5%
respectively. Least number of specimens were from Patients with > 65 year (n=57) of age
accounting 9.5 % of the total. The pleural fluids represented 32.2% (n=192) of the samples, CSF
19.4% (116), Pus 14.6% (n=87), Ascitic flud 8% (n=48), Lymph node tissue 7.4% (n=44),
Tissue from non specific site 6.2% (n=37), FNA from non specific site 3% (n=18), FNA from
lymph node 2.8% (n=17), Urine 2.8% (n=17), Fluid from non _ecific site 1.5% (n=9), Pleural

tissue 1.2% (n=7), and Synowial fluid ¢.8% (n=5) (Table 3.2)

3.2 Sample Tested by Patient Type Based on Previous History of

ATT

72% (n=430) of specimens tested were from the patients with no previous history of TB.
Previously treated cases accounts 20.3% (n=121) of the total. 7.7% {(n="" cases were
unclassified. Among new cases highest number of specimens were of Ascitic fluid accounting

85.4% (v=41) out of total 48 received Ascitic flmd samples similarly among new cases the









Table 3.3 Sample tested by patient type based on previous history of ATT

Type of Specimen 4 tested Never Hfoof  Notknown
treated previous No {%)
No {%) treatment
No (%)

Fluid {CSFY 116 95 (81.8) 14 ({12.0) 7(6.0)
Fluid (Pleural) 192 146 (76.0) 40 (20.8) &(3.11
Fluid {Ascitic) a8 41 (85.4) 5{10.4) 2(4.2)
Fluid {Synovial) 5 4{80.0) 1{20.0) 0(0.0)
Fluid (NOS) 9 5 (55.6) 3(33.3) 1(11.1)
Pus (NOS) 87 52 {59.8) 27 (31.0) 8(9.2)
FNA {Lymph node} 17 13 (76.5) 4{23.5) 0(0.0)
FNA (NOS) 18 15(83.3) 2(11.1) 1{5.6)
Tissue (Lymph Node) 44 20 {45.5) 15 {34.1) 9(20.5)
Tissue (Pleural 7 5(71.4) 2(28.6) 0(0.0)
Tissue INOS) 37 22 (59.5) 5(13.5) 10{27.0)

llrine 17 12 {7061 217.6} 2118}









3.4 Diagnostic Categories for Extrapulmonary Tuberculosis

Patients were categorized as definite, probable and non TB cases on the basis of
interpreted results from different diagnostic test used i.e. Smear, Culture and Gene Xpert

MTB/Rif assay. (Table 3.5)

3.4.1 Definite TB case

In our studies TB cases that were positive on all three diagnostic tests or either found to
be positive on Gene Xpert or cultures were all referred as definite TB cases. 44 cases were
detected as positive on all three tests. 48 cases were positive on both Smear and Xpert with
culture being either negative, not done or contaminated. 24 cases were only Xpert positive with
smear result negative and culture either negative contaminated or not done. 22 cases were
positive only on culture with Xpert results either negative or not done and smear result
interpreted as negative. 9 cases were positive on both Xpert and culture but showed negative
result on smear. 3 cases were both smear and culture positive with Xpert result read as either

negative or not done,
3.4.2 Probable TB cases

7 cases that were positive on Smear but interpreted as negative or not done on culture and

Gene Xpert were classified as probable TB cases.
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Table 3.5 Case definition for TB cases

Xpert

NEG
Not Done
st Done
1t Done
NEG
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NEG
NEG
NEG
Not Done
NEG
NEG

Culture

+
NEG
C,f("MD
New
C/CND
+

+ + +
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NEG
NEG
NTM
NTM
NEG

C/CND
NEG
NEG

Not Done

# of Cases
44
45
3
22
2
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369
39
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Case definition
Definite TB case
Definite TB case
Definite TB case
Definite TB case
Definite TB case
Definite TB case

Definite TB case
Definite TB case
Definite TB case
Definite TB case
Probable TB case
Probable TB case
Non TB case
Non TB case

n TB case
Non TB case
Non TB case
Non TB case
Non TB case



3.6 Gene Xpert MTB/ Rif Assay Performance

Out of 597 enrolled cases 564 (94.4%) were tested using Gene Xpert. Due to error results
were not obtained in 3 cases {0.5%). Out of 564 tested specimen Mycobacterium tuberculosis
was detected in 126 cases (22.3%) and 438 (77.6%) sample we  found to be Xpert negative. Out
of 126 positive cases 16 (12.6%) were fi  d to be Rifampicin resistance and in 4 (3.1%) cases
Mtb was detected but Rifampicin result was indeterminate. Mycobacterium tubercuiosis was
detected with valid Rifampicin result in 122 cases (96.8%). As for the incidence by specimen the
highest number of positive cases were of pus accounting 49 cases (62.8%) followed by lymph
node wn [8 cases (48.6%), FNA from non specific site in 8 cases (44.4%), pleural tissue in 3
cases (42.9%), tissue from non specific site in 9 cases (34.6%), FNA from lymph node in 5 cases
(29.4%), fluid from non specific site in 2 cases (22.2%), synowial fluid in 1 case (20%), pleural
fluid in 19 cases (10.1%), CSF in 8 cases (7%), ascitic fluid in 3 cases {6.3) and urine in I case
(6.3). Out of 16 Rifampicin positive cases pleural tissue accounts highest percentage of 67% with
2 cases out of total 7 tested samples followed by tissue NOS with 3 cases (33%), pleural fluid
with 4 cases (21%), FNA lymph node with [ case (20%) and lymph node tissue with 3 cases

(17%). Table 3.7

3.6.1 Gene Xpert Quantified Results

Out of 126 positive speci 2ns most of the results are categorized as low (n=47; 37.3%)
or very low (n=40; 31.7%). 34 (26.9%) were detected medium while very small number 5 (3.9%)

out of 126 reported high bacterial load.



3.6.2 EPTB Cases Diagnosed on Gene Xpert in Reference to Sex and

Age Group

Out of 564 specimens tested on Gene Xpert 307 specimens were of males and 257
samples belongs to females with predominant age group of 0-14 year in both cases i.e. 65 and 59
specimen of female and male respectively. Positivity rate in case of females was observed more
64 cas  [24.9%) out 257 tested samples as compared to male with 62 (20.1%) positive cases of
Mtb out of 307 tested specimen. It was observed that females with age between 34 and 44 were
more affected with 9 positive cases out of . . accounting 47.3% - ile for male the more targeted
age pr ) was 15 to 24 year of age with 14 (30.4%) positive cases out of 46. Least effected
female were 'th ages more than 65 years ie. no positive case out of 22 tested specimens
similarly in case of males least positive cases were observed in age group between 55 and 64
with 2 (6.8%) positive cases out of 29 tested samples.In our studies overall among both male and
female patients with ages between 15 and 24 were more prone to the disease with positivity rate
of 38.9% 1.e. 37 positive cases out  tested specimen while least affected age group was 55 to

64 with 3 (4.8%) positive cases out of 62. (Table 3.8)



























3.12 Comparison of Rifampicin Results on Xpert Vs Phenotypic

DST

Am¢ 1 all enrolled patients Xpert detected rifampicin in 16 cases (5 previously treated,
10 never treated and one unclassified) while phenotypic DST was positive for 10 cases (3
previously treated, 4 never treated, and 3 unclassified). Rifampicin results for both tests were
available for 47 cases, 6 cases were found resistant on both phenotypic and genotypic DST
including 1 pleural fluid, 3 pus samples, 1 lymph node tissue and 1 pleural tissue.Out of 16
Rifampicin positive cases on gene Xpert for10 cases DST was not performed because of negative
culture results. Out of 10 rifampicin resistant cases resulted positive on phenotypic DST for 4
cases Xpert result was not available. There was one case that was RIF negative on Gene Xpert
but was found NTM on phenotypic DST. We do not find any case resistant on Gene Xpert and

susceptible on phenotypic DST and vice versa (Table 3.13).




































CHAPTER 4 § DISCUSSION

accuracy value by Xpert compared to culture than our for CSF with sensitivity >85% were

reported by study carried out by Tortoli et al.

Comparing Gene Xpert results in smear positive cases.with culture our results
indicated that Xpert missed only one case which was positive on culture while culture was
negative for 45 cases which were positive on both other techniques. Similarly comparing
Gene Xpert results with culture in smear negative cases we found 18 cases were missed by
Gene Xpert while 22 cases remain undiagnosed by culture. Lower efficiency in detection of
these 19 cases by Gene Xpert in this scenario could be explained by low bacterial load
contained in EPTB specimens (Moure et al., 2012). Reducticl)n in detection of Xpert can be
correlated with culture grades which were found to be scanty for 15 out of 19 cases.
Similarly inability of culture to detect 67 cases shown positive by Gene Xpert can be
explained by the low bacillary load in extrapulmonary specimen, clumbs formation and
uneven arrangement of bacilli. Additionally there is more posibility of kill?ng of viable bacilli
during NALC-NaOH decontamination step during culture processing (Iram ef al., 2015).
Correlating these culture negative cases with Gene Xpert results we found most of cases 45
out of 67 were detected low and very low. Only 3 cases were detected high. Another reason
for culture negative can be the previous medical history of the patients. Out of 67 culture
negative cases 25 were previously treated patients which could be indicated as false positive
by Gene Xpert Because of inability of assay to differentiate among mycobacterium
tuberculosis which are dormant, viable and non viable bacilli shed in response to use of

antituberculosis drugs used during patient treatment (Friedrich et al., 2013).

YIELD OF AUTOMATED REAL TIME PCR IN THE DIAGNOSIS OF EXTRAPULMONARY
TUBERCULOSIS {EPTB) IN PAKISTAN
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