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Abstract
Objectives: Seventy five patients with lymphadenopathy who were referred to the Clinic of Lymphadenopathy at
the Institute of Endemic Diseases, University of Khartoum were enrolled in our study to detect gene mutation that
associated with drug resistance to streptomycin and rifampicin.
Materials and methods: Seventy five patients of lymphadenopathy were enrolled for Fine needle aspiration
cytology and polymerase chain reaction (PCR). PCR-single strand confirmation polymorphism (PCR-SSCP) for
gene mutation was used to detect gene mutation for tuberculous lymphadenitis group.
Results: Cytomorphologically, thirty cases showed necrotizing granulomatous tuberculous lymphadenitis (40%)
while twenty cases (26%) showed reactive lymph nodes changes. The remaining twenty five cases (34%) had
secondary lymph nodes deposits. All cases of tuberculous lymphadenitis group showed similar patterns to H37 Rv
with a fragment size of 123 bp when amplified with IS6110 gene primers specific for M. tuberculosis complex, while
other groups (reactive and malignant nodes) were negative.
For rpsl 43 gene detection, twenty seven cases (27/30) had DNA band patterns identical to H37 while three cases
(3/30) were identical to mutant strain that were associated with drug resistance to streptomycin. For the rpoB, all
isolates gave identical patterns to H37 Rv strain.
Conclusion: PCR is useful to detect Mycobacterium tuberculosis isolates in tuberculous lymphadenitis cases.
PCR-SSCP is useful for detection of gene mutation targeting drugs for tuberculosis cases; however, it needs more
Supporting tools such as sequencing method to confirm the resistance Tb cases.

Introduction
Anti-tuberculosis (TB) drug resistance is a major public health
problem that threatens progress made in TB care and control
worldwide. Drug resistance arises due to improper use of antibiotics in
chemotherapy of drug-susceptible TB patients [1].
Multi-drug resistance–TB (MDR-TB) is defined as resistance to
isoniazid and rifampicin, with or without resistance to other first-line
drugs (FLD). Extensive drug resistance-TB (XDR-TB) is defined as
resistance to at least isoniazid and rifampicin, and to any
fluoroquinolone, and to any of the three second-line injectable
amikacin, capreomycin and kanamycin [2,3].
The diagnosis of MDR-TB and XDR-TB is hampered by the absence
of effective and affordable rapid diagnostic techniques for drug
sensitivity. Several approaches, phenotypic and molecular, have been
explored to develop rapid, reliable and accurate methods for the rapid
detection of drug resistance in M. tuberculosis [4]. The usefulness of
PCR-SSCP for determination of rifampicin and isoniazid resistance in
M. tuberculosis and M. bovis cultures from human and animal origin
was investigated and worldwide used for detection of point mutation.
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It provides a rapid screening tool for the majority of resistant isolates
[5,6].
The GenoType MTBDR test is able to detect mutations in the rpoB
gene for RIF resistance, and the most frequent mutation at codon 315
of the katG gene for INH resistance, either in isolates or clinical
specimens [7,8].

Material and Methods
Seventy five sequential patients with provisional diagnosis of
tuberculous lymphadenitis of different ages, genders and ethnic groups
were enrolled in the study. Demographic, clinical data was collected
from the patients. The past history of patients with TB infection and
whether he/she had received the anti-tuberculosis treatment previously
or not is well reported.
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Fine needle aspiration cytology (FNAC) and PCR
amplifications
Fine Needle Aspiration (FNAC) was done by experienced
pathologist. FNAC findings were classified into four groups [9-10].
Granulomatous,
granulomatous/necrotizing
tuberculous
lymphadenitis,reactive lymphadenopathy and secondary malignant
deposit. DNA was extracted from lysates using the phenol chloroform
method (PCI) as described by Maniatis et al. [11-15]. Following DNA
extraction, all lysate samples were subjected to PCR amplification to
identify M. tuberculosis complex from other bacteria using a set of
forward and reverse primers were used to amplify the target gene
IS6110 (Table 1).
PCR amplification was done using protocol Shrafeldin et al. [16-21].
PCR products were electrophoresed. Agrose (1.2 g) was added to 67 ml
D.W and 8 ml of 10X TBE, using ethdium bromide staine 1.0 µl.
Electrophoresis run at 100 v Gave good results for 45 minutes.
Negative and positive controls with 100 bp DNA marker were used in
each run. The gel was visualized using Syngene Documentation System
(Syngene Ltd., USA).

PCR-SSCP
Positive samples from patients with lymphadenitis using PCR test
were subjected toPCR using two sets of primers (Table 1) to amplify
regions rpsl 43 and rpoB 531 that confer drug resistance to
streptomycin and rifampicin respectively. The M. tuberculosis
reference strain and one isolate previously characterized by gene
sequencing as mutant (resistant) strain for each region was also used.
Gene

Sequences

Size

Gene IS6110

IS6110-F: CCTGCGAGCGTAGGCGTCGG

123 bp

IS6110-R CTCGTCCAGCGCCGCTTCGG
rpo B 531

TR8 TGCACGTCGCGGACCTCCA

157 bp

TR9 TCGCCGCGATCAAGGAGT
rpsl 43

STR52 GTCAAGACCGCGGCTCTGAA

272 bp

SRT 34 TTCTTGACACCCTGCGTATC

Table 1: PCR amplify regions rpsl 43 and rpoB 531
4 µl of lysed bacterial cells were used as template for amplification in
20 µl reaction mixture containing 2 µl 10X buffer, 1.6 of magnesium
chloride 25 mM; 1.6 of dNTPs 10 Mm, (Promega, Madison WI, USA),
0.2 µl of 10 pmol 5' primer (Forward) and 3' primer (reverse) each,
(Inqaba Biotechnical Industries (Pty) Ltd., South Africa] and 1 Unit of
5 Unit/µl Taq polymerase, (Promega, Madison WI USA). Reaction
mixture were heated in thermal cycler (Flexigene) as follows: 93°C for
3 minutes followed by 35 cycles at 93°C for 1 minute, annealing at Tm
(58°C for rpoB531; 61°C for rpsl 43) for 1 min and extension step at
72°C for 2 minutes. Final extension was done at 72°C for 10 minutes.
Efficient amplification was confirmed by 1.5% agrose gel
electrophoresis. A DNA marker (50 bp) was used in each
electrophoresis run with H37Rv and negative controls.
For acrylamide gel Five µl PCR products was added to 10 µl "stop"
solution (formamide 95%, 20 mM EDTA and 0.005% each of bromophenol blue and xylene-cyanol) Were mixed and heat-denatured at
95°C for 5 minutes, The PCR tubes with denatured products were
rounded with soft ice then the denatured products were electophoresed
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on non-denatured PAGE 12% or PAGE 10%. 30% Acrylamide was
prepared as 29 gram Acrylamide with 1 gram bis Acrylamide in 100 ml
DW. For 12% Acrylamide Gel 4 ml of 30% Acrylamide was added to
3.3 DW, 1.7 10X Buffer, 210 µl of Ammonium per Sulphate, 2 ml
glycerol and 5 µl TEMED. For PAGE 10% preparation, 3.3 ml 30%
Acrylamide, 4.3 ml D.W, 1.7 10X Buffer, 210 µl of Ammonium per
Sulphate, 2 ml glycerol and 5 µl TEMED. The denatured product of
samples were loaded with H37RV strain and mutant strain in each
trial.
Electrophoresis at constant 80 V in 0.6 X TBE buffer for 4-5 h, the
gels were fixed for 6 minutes in buffer containing acetic acid 0.5% and
ethanol 10%, pour off, then was washed with D.W. The gel was placed
in a sliver nitrate 0.1% using a horizontal orbital shaker, after 20
minutes pour off and washes with D.W then placed in staining buffer
for 10 minutes or more, until bands were visible. The staining buffer
consisted of 0.1 M NaBH4, 0.1 M NaOH and formaldhyde 0.004%.
Fixing was done in NaCo3 0.75% buffer for 10 minutes. When the
bands was clear visible, the buffer pour off and the gel was washed
again and placed on the buffer containing Sodium Carbonate 0.75%
for 5-10 minutes to stop the reaction. The gel was read against white
light and results were photographed.

Results
All patients (75) tested serologically were found negative for HIV.
Forty per cent reported a history of contact with patients with
pulmonary diseases [chronic cough], either within the family or in the
neighborhood. The main symptoms reported were swellings mainly in
the cervical region and nocturnal fever. Cervical lymph node groups
were the commonest affected, where it was reported in 66.7% of cases,
while other lymph node groups (inguinal, submandibular, and preauricular) were reported in 33.3% of cases, this in agreement with
findings from the region and globally [9-11]. Anterior cervical nodes
were reported in 23.4% of cases, posterior cervical in 20.0% of cases,
anterior and posterior cervical (either left or right) were seen in 23.3%
of patients.
Mantoux test positivity was universally (100%) reactive in all
patients with tuberculous lymphadenitis with a mean of 22.6 ± 6.0 mm
in diameter. Mean hemoglobin levels, ESR and total white cells count
for these patients were 11.7 ± 2.0 grams/dL and 87 ± 31 mm/first hour
and 5.3 ± 1.6 × 103/µL, respectively. Patients with granulomatous
tuberculous lymophadenitis were significantly old (p<0.05) and had
significantly marked mantoux induration (p=0.001). More females
were affected in the cytomorphological group, where five were affected
compared to one.
FNAC cytomorphological patterns were as follows: 8.0% of cases
(6/75) were necrotizing, granulomatous 4.0% (3/75), while the
necrotizing granulomatous was in 28.0% (21/75). Secondary metastasis
and reactive patterns were seen as 25/75 (33.3%) and 20/75 (26.7%),
respectively (Table 2).
Cytomorphological Patterns:
Of
Lymphadenopathy

M:F

Mean
age

PCR positive (n=30)

1:5

26.9
11.2

Necrotizing (n=6)

1:5

23 ± 8.6

Mean
ESR mm

± 87 ± 31

69 ± 24.9

Mean
TwBCs

Mean
Mantoux
mm

5.3 ± 1.6

22 ± 6.0

6.8 ± 2.3

19.2 ± 5.5
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Granulomatous
(n=3)

Tb 1:2

43.7
15.1

± 113
25.1

± 4.6 ± 0.7

36.3 ± 7.6

Necro/Granul.
(21)

Tb 3:4

25.1 ± 9.2 69.3
32.4

± 4.6 ± 0.6

21.4 ± 6.0

5.9 ± 3.2

13 ± 10.8

5.3 ± 1.7

5.3 ± 9.2

± 4.3 ± 0.6

8.5 ± 6.6

PCR negative (n=45)

2:1

34.6
21.6

± 77 ± 30

Reactive (n=20)

2:1

45 ± 24.6

Malignacy (n=25)

1:0

26.8
25.5

76 ± 35.1

± 56.7
23.1

Table 2: Baseline characteristics, cytomorphological patterns and
circulating mycobacterial DNA of the study patients
Fine Needle Aspiration Cytology (FNAC) has proved very valuable
in the diagnosis of tuberculous Lymphadenitis where mycobacterial
infections are endemic and when cytomorphological patterns proved
to extremely concordant with microbiological and molecular present of
mycobacteria. However, it has several limitations, especially in the
absence of demonstrable AFB, but FNAC provides at least material for
PCR in an easy and moderately invasive manner [12-14]. Recently
PCR-based techniques were applied in the diagnosis of tuberculous
lymphadenitis [14,15]. All cases of lymphadenitis patients (75 cases)
were subjected for PCR test using IS6110 gene primer so thirty cases
(n=30/75; 40%) with cytomorphological patterns of granulomatous,
necrotizing and necrotizing/granulomatous showed DNA band
patterns similar to M. tuberculosis pattern (H37RV) with DNA
fragment size was123 bp (Figure 1). The remaining of FNA samples did
not give reactive with IS6110 gene primer. We used the IS6110 gene
primer based on the previous findings in Sudan, the majority of
tuberculous lymphadenitis is caused by M. tuberculosis a small
percentage is caused by bovine mycobacteria. This has not changed for
over thirty years [16].

The PCR-SSCP technique has been extensively used to search for
gene mutations which are a whole mark for the development of
resistance in microorganisms with or without the pressure of
antibiotics. Recently, PCR-SSCP is used to detect missense mutations
associated with antibiotics resistance in M. tuberculosis [17-20].
All thirty isolates of tuberculous lymphadenitis have been subjected
for PCR targeted rpsl 43 and rpo B 531 that are associated with drug
resistant to streptomycin and rifampicin respectively. When denatured
PCR products were loaded in non-denaturing acrylamide gel, 27/30
(90%) of tuberculous lymphadenitis isolates gave similar pattern to
H37RV (wild type) while 3/30 isolates (10%) gave a pattern different to
H37RV (wild type) pattern, but similar to the mutant strain M.
tuberculosis that is resistant to streptomycin (Figure 2). The rate of
molecular resistance could through some information on the extent of
the spread of resistance to anti-tuberculous drug and this will indicate
the degree of danger in which the community faces in term of MDR
and XMDR. That reported by results of this study, reports that, ten
percent of the M. tuberculosis isolates from patients of tuberculous
lymphadenitis had DNA patterns similar to streptomycin-resistant
standard isolates. This finding is very different from the results that
were reported by Sharaf-eldin et al., where they reported Streptomycin
resistance of 30% gene mutations identified in 5/50 cases in rpsl 43 and
10/50 cases in rrs 513. The authors selected their samples from patients
with pulmonary tuberculosis and probable MDR (failure to respond to
anti-tuberculous drugs). The Gene mutation associated with
streptomycin are identified from two genes rpsl 43 and rrs 513 and that
probably may justify our result from that previous study [21]. The
correlation between molecular pattern and clinical resistance to
streptomycin could not elucidate from our study, because streptomycin
was not given to our patients.

Figure 2: PCR-SSCP analysis of rpsl gene. PCR products and
polyacrylamide gel electrophoresis 30% using silver nitrate stain; 1:
DNA marker (50 bp), 2: H37Rv (wild strain), 4: mutant strain, 5: pt
sample identical to H37Rv 6: pt show mutation

Figure 1: Identification of M. tuberculosis complex using IS6110
gene primers. PCR and electrophoresis in 1.5% Agarose gel. 1: DNA
Marker (100 bp), 2: H37Rv, 3: Negative control, 4--8 tuberculous
lymphadenitis isolates
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When denatured PCR products were loaded in non-denaturing
acrylamide gel (30/30; 100%) of tuberculous isolates gave similar DNA
band patterns that are similar to that of the H37RV (wild type) (Figure
3).
All our study isolates showed DNA patterns that are similar to
standard rifampicin- sensitive isolates. Total rifampicin molecular
sensitivity is completely to the treatment response concordant clinical
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pattern in the study patients i.e. all patients responded to an antituberculous combination containing rifampicin.

6.

7.
8.

9.
10.

Figure 3: PCR-SSCP analysis of rpoB gene. PCR products and
polyacrylamide gel electrophoresis 30% using silver nitrate stain; 1:
H37 Rv (wild strain). 2, 3, 4: isolates, 7: DNA ladder

Conclusion
Patterns of DNA resistance in patients with tuberculous
lymphadenitis are considerable at the level of ten percent. If this
proved concordant with microbiological resistance then the use of
streptomycin in anti-tuberculous regimes should be critically reviewed.
Rifampicin proves to be extremely effective as one of the most
important first line anti-tuberculosis drugs in this country.

Recommendations
We recommended that Detection of mutation conferring drug
resistance to Isoniazid [INH] is needed to detect MDR and XMRD
between M. tuberculosis isolates among patients with tuberculous
lymphadenitis in Sudan. PCR-SSCP will be more useful when use
sequencing technique to confirm missense mutation conferring drug
resistance to first and second-line TB drugs.
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