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Rapid Mycobacterium tuberculosis DNA Detection on Fine Needle

Aspirates from Extra Pulmonary Lymph Nodes

Aamer lkram?, Syed Azhar Ahmed3, Farooq Ahmad Khan', Muhammad Tahir Khadim?2 and Lugman Satti3

ABSTRACT

Objective: To evaluate the diagnostic efficacy of two rapid methods i.e. Mycobacterium tuberculosis (MTB) Polymerase
Chain Reaction (PCR) on Fine Needle Aspiration (FNA) samples by comparing with cytology of respective site sample.
Study Design: Cross-sectional comparative study.

Place and Duration of Study: Department of Microbiology, Armed Forces Institute of Pathology (AFIP), Rawalpindi,
Pakistan, from July 2010 through November 2013.

Methodology: A total of 105 extra pulmonary lymph nodes aspirates obtained through fine needle aspiration were
processed. Cytology and PCR were done on each specimen. Cytology was taken as gold standard.

Results: Out of the total 105 samples, 71 (67.6%) were positive for the MTB PCR while 34 (32.4%) showed negative
status. According to FNA cytology (FNAC) results, 72 (68.6%) cases were positive for the disease while 33 (31.4%) were
negative. Sensitivity of PCR was 90.3%, specificity 81.8%, positive predictive value (PPV) 91.5%, negative predictive
value (NPV) 79.4%, with diagnostic accuracy of 87.6%. Area under the curve was 0.860 (p < 0.001).

Conclusion: PCR is a sensitive tool for detection of MTB on FNA samples from EPTB cases. The results are available
within few hours which is helpful for the clinicians to initiate therapy.

Key Words: Fine needle aspirate. Fine needle aspiration cytology. Lymphadenopathy. Mycobacterium tuberculosis. Polymerase chain
reaction. Tuberculosis. Tuberculous lymphadenitis.

INTRODUCTION

Tuberculosis (TB), though preventable infectious
disease, continues to haunt the masses across the world
and more so in the developing countries. According to
the World Health Organization (WHQO) estimates, one-
third of the world's population stays infected with the
silent killer, MTB." Twenty two high TB burden countries
account for 81% of all estimated incident cases.2 Around
95% of the TB cases occur in developing countries with
sparse diagnostic and treatment facilities. During the
year 2012, 8.6 million new TB cases have been reported
with 1.3 million deaths; Asia (58%) and Africa (27%)
continuing to lead.2 The threat of Multidrug Resistant
(MDR) and Extensively Drug Resistant (XDR) TB is not
only adding to the existing problem but also hampering
the control measures further taxing the developing
nations.3 Worldwide, 450,000 new cases of MDR TB
were estimated in 2012 with high mortality rates; 9.6% of
MDR were XDR.2

Presently, Pakistan stands at fifth position among the 22
high TB burden countries.2 The incidence of TB cases in
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Pakistan during 2012 was 231/100,000 population with
a prevalence of 376/100,000.2 Poverty, overcrowding,
dislodgment and lack of appreciation add exceedingly
to the burden as three-fourths of sufferers stay
undiagnosed. A multifaceted approach is mandatory for
correct and timely diagnosis of TB including correct
clinical judgment supported well by diagnostic facilities.
WHO recommends molecular-based assays for
diagnosis of TB.4 Sensitive molecular methods can also
be employed for contact tracing along with targeted
approach.5.6

Extra pulmonary TB (EPTB) is an important clinical
entity which may pose diagnostic difficulty.” According to
WHO report 2013, EPTB accounts for 16% of TB cases
in Europe and Americas, 17% in South-East Asia, 18%
in African region, and 22% in Eastern Mediterranean
region.2 The frequency of extra pulmonary involvement
is much higher among HIV positive cases (> 50%).8
EPTB is most commonly manifested in the form of
lymphadenitis.® Exact prevalence in Pakistan is not
known, however, Butt et al. and Ahmed and Aziz
reported EPTB frequencies of 25.2% and 33%
respectively.10.11 Extra pulmonary samples reported by
the Aga Khan Laboratory, Karachi, Pakistan, amounted
to 58% with lymph nodes as the main site.'2 An
international study from Hong Kong reported EPTB
frequency of 22.3%.13

The diagnosis of EPTB is conventionally established
through smear microscopy, histopathology and myco-
bacterial culture of biopsy material. For the last one and
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a half decade, FNA has evolved as an important
minimally invasive tool in evaluation of peripheral
lymphadenopathy. The modality has been revolutionized
by rapidity of testing through molecular methods. On the
other hand, performing PCR on FNA sample is not easy
because of minute quantity of the sample.

The objective of this study was to study the diagnostic
efficacy of two rapid methods i.e. real time MTB PCR on
FNA compared with cytological examination of the same
site sample.

METHODOLOGY

This cross-sectional comparative study was carried out
at Department of Microbiology in collaboration with
Department of Histopathology, AFIP, Rawalpindi,
Pakistan, from July 2010 to November 2013. The project
was formally approved by Institutional Review Board
and Institutional Ethical Committee of AFIP. All the data
used in this study were anonymized; each case was
given an identity number. Written informed consent was
sought from all the patients for participating in this study
along with permission for their data to be used for
research purposes and publication later in any form and
journal. In case of minors (less than 18 years), similar
written informed consent was taken from the parents of
respective patients.

Non-probability convenience sampling was adopted;
all patients with clinical suspicion of tuberculous
lymphadenitis were included in the study. Patients with
diagnosed pulmonary TB and open TB, those already on
anti-TB drugs or with previously completed treatment
were excluded. Cases of lymphadenopathy that turned
out to be negative for tuberculous cytology were taken
as control group.

FNA was performed by a competent histopathologist;
two samples were taken, one sent to histopathology and
other to microbiology department. For histopathology
smears were stained with haematoxylin and eosin, Diff-
Quick, May Grunwald Giemsa and Papanicolaou
Staining.’4 Cytological examination criteria of presence
of multiple epithelioid cells with caseation necrosis in the
background was taken as hallmark of tuberculous
granulomatous inflammation.

For MTB PCR, specimens were transferred to sterile
vials for extraction of DNA or storage at -20°C for
extraction later. DNA extraction was performed by using
Bacterial Xpress nucleic acid extraction reagents
(Millipore Merck, USA). 1S6110 with 123 bp fragment
was the target point in the MTB DNA.

200 pl of bacterial express was transferred to a nuclease
free microfuge tube (1.5 ml); 50 ul of sample was added,
vortexed for 10 seconds and incubated for 5 minutes at
room temperature; 250 ul of isopropyl alcohol was then
added, vortexed for 10 seconds and centrifuged at

16000xg for 10 minutes; supernatant was discarded and
pellet was washed by adding 400 ul of 70% ethanol,
vortexed for 10 seconds and centrifuged (16000xg) for
10 minutes at room temperature; supernatant was
removed; short spun for 3 seconds, ethanol was
removed; air dried for 10 minutes; 50 ul of diluent was
added to dried pellet; and kept at 55°C for 10 minutes.
The re-suspended pellet was used for PCR amplification
on real time smart cycler using Sacace Biotechnologies
MTB Real TM Kit (ltaly).15

DNA amplification was performed according to the
manufacturer's instructions.'5 Briefly, required quantity
of reaction tubes (or PCR plate) was prepared for
samples and controls; new sterile tubes were prepared
for each sample 10 (N+1) pl of PCR-mix-1, 5 (N+1) pl of
PCR Buffer Flu, 0.5 (N+1) pl of TagF DNA polymerase
and 0.5 pl of UDG-enzyme; vortexed and centrifuged
briefly. To each tube, 15 pl of reaction mix was added; 10
pl of extracted DNA was added to appropriate tube.
Each panel was prepared for 2 controls: 10 ul of DNA
buffer was added to the tube labeled Amplification
Negative Control and 10 pl of C+ MTB and IC was
added to the tube labeled Amplification Positive
Control. Tubes were inserted in the smart cycler
(Cepheid SmartCycler™ Real-Time Thermal Cycler,
Fisher Scientific, USA). Sequences of the primers
used were: 5'CCTGCGAGCGTAGGCGTCGG3' and
5'CTCGTCCAGCGCCGCTTCGG3'. Results were
verified by FAM channel. Cut off value for positive
control was 36 and for sample it was 38.

The data was analyzed using Statistical Package for
Social Sciences (SPSS) version 17.0 (Chicago, lllinois,
US). Qualitative variables were presented as
percentage along with 95% confidence interval.
Sensitivity, specificity, PPV, NPV and accuracy of MTB
PCR were calculated. Various associations were
calculated; p-value < 0.05 was considered as significant.

Quiality control was ensured at each stage. For cytology,
opinions were randomly reconfirmed through another
histopathologist; in five TB cytology positive cases,
lypmh node biopsy confirmed definitive diagnosis of
tuberculous granulomata on histopathology. For PCR,
H37Ra ATCC 25177 MTB was used as control strain;
positive and negative controls were used with each
batch; repeat testing was done on all the doubtful
results; and samples were also randomly checked to
rule out cross-contamination.

RESULTS

A total of 105 patients were included in the study.
Average age of the patients was 30.31 + 16.18 years
with minimum age of 2 years and maximum age of 75
years. Fifty seven (54.3%) patients were females while
48 (45.7%) males with female to male ratio of 1.2:1.
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Seventy nine (75.2%) patients had duration of the
lymphadenopathy of less than 6 months followed by 14
(13.3%) patients with 12 months or more while 12
(11.4%) patients had duration between 6 to 12 months.
Cervical lymph nodes were involved in most of the cases
57 (54.3%); followed by supraclavicular 21 (20%),
submandibular 15 (14.3%), axillary 5 (4.8%), supra-
sternal 3 (2.9%), 1 (0.9%) each from anterior auricular,
posterior auricular, mediastinal and anterior chest
regions. Average palpable area (size of 2 sides) of the
lesion was 7.516 + 8.23 cm?Z, minimum = 0.01 cm?,
maximum = 49 cm?. Minimum one-sided size was 1 mm
and maximum 80 mm. According to the PCR results, 71
(67.6%) patients were positive for MTB while 34 (32.4%)
patients had negative status. According to FNA cytology,
72 (68.6%) patients were positive for the disease and 33
(31.4%) were negative. On cross tabulation of FNA PCR
and cytology, true positive cases were 61.9%, true
negative 25.7%, false positive 5.7% and false negative
6.7%. Sensitivity of PCR was 90.3%, with 81.8%
specificity, 91.5% PPV and 79.4% NPV, with diagnostic

ROC Curve
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Figure 1: ROC curve for PCR diagnosis with FNAC diagnosis as gold standard.

Table I: Association of FNAC diagnosis with study variables.

Variables FNAC Diagnosis p-value
Positive Negative
Age (years)
<10 7 (9.7%) 4 (12.1%) 0.043
11-20 12 (16.7%) 8 (24.2%)
21-30 28 (38.9%) 3(9.1%)
31-40 13 (18.1%) 6 (18.2%)
41 -50 7 (9.7%) 7 (21.2%)
2 51 5 (6.9%) 5(15.2%)
Gender
Female 41 (56.9%) 16 (48.5%) 0.419
Male 31 (43.1%) 17 (561.5%)
Duration of the lymphadenopathy
< 6 months 53 (73.6%) 26 (78.8%) 0.687
6 - 12 months 8 (11.1%) 4 (12.1%)
> 12 months 11 (15.3%) 3 (9.1%)

Figure 2: Photomicrograph of FNAC of lymph node showing epithelioid cell
granuloma with caseous necrosis. Diff Quick stain (Magnification 40x).

accuracy of 87.6% (Table 1). Area Under the Curve
(AUC) was 0.860 (p < 0.001, Figure 1).

Association of FNAC diagnosis with different variable is
shown in Table I. Highest frequency of positive cases
was in third decade (38.9%) followed by fourth decade
(18.1%). Although in FNAC diagnosed positive cases
frequency of females (56.9%) was higher than males
(43.1%), the difference was statistically insignificant
(p = 0.419). Association of FNAC diagnosis with duration
of the symptoms of the disease was also statistically
insignificant (p = 0.687) as frequency of positive and
negative cases was higher in patients with duration of
less than 6 months i.e. 73.6% vs. 78.8% respectively.
Median (interquartile range) of palpable surface area of
the lesion was 4.25 cm? (2.06 - 8.75) for positive cases
and 6 cm? (4 - 10.5) for negative cases. The difference
was statistically insignificant (p = 0.184).

Microscopy of FNA from lymph node of tuberculous
pathology showed multiple epithelioid cell granulomata
in a background of caseation necrosis; appearance with
Diff Quick stain is depicted in Figure 2.

DISCUSSION

Tuberculous lymphadenitis is the most commonly
occurring variety of EPTB which poses a diagnostic
challenge to the developing world.9.16 Presence of
caseating granulomata in lymph node biopsy or
epithelioid cell granuloma with caseation necrosis are
important clues for the diagnosis of tuberculous
lymphadenitis, however, their absence does not exclude
this possibility. Culture of mycobacteria in lymph node
tissue material, either obtained by FNA or excision
biopsy, still remains the gold standard for definitive
diagnosis of tuberculous lymphadenitis. Diagnosis of
tuberculous lymphadenitis is cumbersome primarily due
to several reasons: mycobacteria in the lymph node
tissues are pauci-bacillary or sparse, and Mycobacteria
in tissue have a propensity to group or clump unlike
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respiratory specimens where dispersion is even.’® PCR
has been utilized for the exigent TB diagnosis; still FNA
sample has been extremely challenging because of
minute quantity, contrarily only two MTB bacilli are
required to be amplified to yield a positive PCR.17

In this study, the average age of the patients was around
30 years with a wide range of 2 - 75 years. Maximum
number of positive cases was in the third decade
followed by fourth decade; FNAC diagnosis was
significantly associated with age decades (p = 0.043).
Although among diagnosed cases, frequency of females
was higher than males, the difference was statistically
insignificant. Association with duration of the lympha-
denopathy was also statistically insignificant; however,
the fact that majority of the patients had less than 6
months duration, highlighted early attention due to
prominence of superficial lymph nodes. Cervical lymph
nodes (54.3%) were most commonly involved site in this
study; followed by supraclavicular (20%), submandibular
(14.3%), axillary (4.8%) and suprasternal (2.9%)
regions. In a study by Singh et al. most common site was
supraclavicular followed by cervical and axillary
regions.18

Out of the total 105 specimens, 67.6% were TB positive
through PCR and 68.6% by FNAC, results of both the
methods were comparable. Sensitivity of MTB PCR
(90.3%) turned out to be excellent. Our results were
comparable to a regional study by Purohit et al. in which
the sensitivity and specificity for MTB PCR were 85%
and 95% respectively.1® In that study, DNA was eluted
from dried smear of FNA. In another study of 22 cases
by Singh et al., the sensitivity of PCR for FNA specimen
was 55% though specificity was comparable to the
present results.’® Wright et al. reported sensitivity of
51.9% whereas specificity was 94%.20 In a study by
Goel et al. on 54 cases, sensitivity was 94.4% , however,
specificity was very low (38.2%).2' In the 17 cases
studied by Baek et al. in 2000, 13 were positive for MTB
PCR (76.4%).22 Additionally, nested PCR on FNA from
solitary pulmonary nodules has been reported for
good sensitivity and specificity of 87.5% and 96%
respectively.23

In a study by Coppenraet et al., sensitivity of PCR was
71.6% but this study mainly concentrated on atypical
mycobacteria.24 In the study conducted by Linasmita
et al. on 73 patients, real time PCR sensitivity was
63.4% and specificity 96.9%.16 Specificity of 81.8% in
this study was fairly good. Results of this study were
comparable to Pahwa et al. with specificity of 86.1% and
sensitivity 89.5%.25 However, in that study, PCR was
compared with MTB culture. A specificity of 86% was
detected by Singh et al., comparable to our results.’8 A
higher specificity of 96% was established in a study
comparing PCR with conventional culture and ZN
staining.1®

The present PPV and NPV were comparable to the
regional study by Singh et al., 90% and 75%
respectively.’® Comparing it with Purohit et al., PPV
(96%) was slightly lower in this study whereas NPV
(59%) was much higher.1® Wright et al. reported PPV of
90.3% similar to these results, whereas specificity was
90%.20 The ROC curve (Figure 1) for the present study
demonstrated an overall fine accuracy of the MTB PCR
on FNA samples.

There were 6.7% specimens, which were positive by
cytology but negative by PCR. This could be due to
sampling error, inadequate sampling, undetectable
number of bacilli, or incomplete extraction of DNA. 5.7%
specimens were false positive; repeat PCR of these
specimens were also positive. The reasons for false
positive results might be due to cross-contamination
which remains a concern, or DNA amplification of non-
viable MTB. In this study, cytopathology diagnosed
slightly more tuberculous lymphadenitis cases as
compared to PCR but this difference was insignificant.
Generally, cytopathology has higher sensitivity and
lower specificity as compared to PCR. This study had
certain limitations: firstly, we compared only FNAC and
PCR results; presence of dead bacilli can give positive
PCR results; secondly, FNA yields less material and may
not be the true representative of area containing MTB.

The progression of molecular methods during the last
decade has been tremendous and the diagnostic
sensitivity on specimens like tissue biopsy and FNA
samples has been encouraging. Recently published
studies and especially the present study considering the
large sample size augment this status. Presently, PCR is
regarded as a powerful tool for MTB detection in
specimens from clinically suspected TB cases. It is
primarily helpful in providing rapid results especially in
cytology negative cases.’8.19 With GeneXpert added to
the diagnostic arsenal, rifampicin sensitivity is also
readily available. Combination of conventional methods
such as culture, Ziehl-Neelsen stain and FNAC along
with molecular techniques will help in improving the
overall TB diagnostic accuracy. The future plan of
authors is to initiate a multicentre study on MTB PCR by
GeneXpert and cytology of FNA samples along with
other conventional methods to formulate comprehensive
protocol for the diagnosis of tuberculous lymphadenitis
at different hospital levels in our developing country.

CONCLUSION

PCR has rapidly gained importance for microbiological
diagnostics and so has been its utilization for the
challenging MTB. FNA is a simple and easy-to-perform
minimally invasive procedure. A combination of FNAC
and MTB PCR provide the rapidity requisite for the
diagnosis for initiating prompt treatment. The results of
this study conclude that PCR is a sensitive method for
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detection of MTB DNA fragments on FNA samples with ~ 14. Bancroft JD, Gamble M, editors. Theory and practice of
a good specificity. The results are available within few histological techniques. 5th ed. Edinburg; Churchill Livingstone;
hours thus helpful to the clinicians for timely diagnosis. 2002.
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