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Although culture is the gold standard method to identify mycobacteria, its use in tuberculous lymphadenitis (TBL) is 
limited due to formalin fixation of the submitted specimens. We evaluated the performance of quantitative real-time 
PCR (q-PCR) for Mycobacterium Tuberculosis (MTB) in granulomatous lymphadenitis using formalin-fixed paraffin-
embedded (FFPE) tissues. From 2000 to 2010, a total number of 117 cases of lymph node samples with granulomatous 
inflammation which were surgically removed and fixed in formalin were studied. Hematoxylin & Eosin (H&E) and 
Ziehl-Neelsen-stained (ZN) slides were reviewed. qPCR using Real TB-Taq® was performed for all cases to identify 
Mycobacterium tuberculosis. Thirteen non-tuberculous lymphadenopathy cases were used as negative control. Cervical 
lymph nodes were more frequently affected (60%, 70/117) than other sites. ZN stain for acid fast bacilli was positive in 
19 (16.24%) cases. qPCR for tuberculosis was positive in 92 (78.63%) cases. Caseous necrosis was found in 103 (88.03%) 
cases. While the ZN stain and qPCR were both negative in all control cases, the qPCR showed a significantly higher 
positive rate (78.63% vs. 16.24%) compared to ZN stain in histologically diagnosed TBL. Quantitative real-time PCR 
proves to be more sensitive than ZN stain for diagnosis of tuberculous lymphadenitis. 
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Tuberculosis (TB) remains a major threat to human health. 

Although the incidence rate of TB has been declining for 

several years, 8.7 million new cases and 1.4 million 

mortalities were estimated in 2011 (Huang et al., 2009). 

Peripheral tuberculous lymphadenitis (TBL), previously 

termed "scrofula" is the most common form of extra- 

pulmonary TB. In countries with high incidence of TB, the 

TBL is the most common cause of lymphadenopathy 

(Ahmed et al., 2011). 

Diagnosis of TBL still has its own difficulties. Granulo- 

matous inflammation, caseous necrosis and Langhans giant 

cells, which are the main histopathologic findings are not 

specific to only TB, but can be found in other diseases, such 

as sarcoidosis, fungal infections, cat scratch disease, toxo- 

plasmosis, collagen vascular diseases and some malignancies. 

A confirmative diagnosis of disease therefore relies on 

detection of the pathogen. Ziehl-Neelsen (ZN) stain and 

culture, which are conventional methods for detecting 

Mycobacterium tuberculosis complex, have their own 

disadvantages. Because of the paucibacillary nature of the 
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specimens, the sensitivity is low in both methods. The 

sensitivity ranges between 15~47% and 35~65% in ZN 

stain and culture, respectively (Singh et al., 2000). Moreover, 

the culture takes several weeks to reveal the results, causing 

delay in the initial treatment. 

Recently, the nucleic acid amplification tests (NAAT), 

especially polymerase chain reaction (PCR) has become a 

frequently used molecular test in TB diagnosis and its 

accuracy in rapid diagnosis of pulmonary tuberculosis is 

well accepted (Greco et al., 2006; Yang et al., 2011; 

Linasmita et al., 2012). Nevertheless, the use of PCR in 

diagnosis of TBL is ambiguous and not well studied 

(Linasmita et al., 2012). Although previous studies on PCR 

for diagnosis of TBL have generally shown modestly 

higher diagnostic accuracy compared to performance of 

conventional methods, their results are highly variable and 

inconsistent (Daley et al., 2007). Nonetheless, studies done 

on formalin fixed paraffin embedded (FFPE) lymph node 

tissues are scarce (Kwon et al., 2000; Park et al., 2003; 

Johansen et al., 2004; Selva et al., 2004; Schulz et al., 2005). 

Commercial PCR kits give greater diagnostic accuracy 

than in-house assays. Among them, the Gen-Probe AMTD 

(Gen-Probe Inc, San Diego, CA, USA) and Roche Amplicor 

(Roche Diagnostics, Branchburg, NJ, USA) are widely used 

commercial detection kits with relatively higher accuracy 

(Daley et al., 2007). 

In this study, we aimed to evaluate the performance of 

quantitative real-time PCR (qPCR) kit, Real TB-Taq® 

(M&D Inc, Wonju, Korea) in diagnosis of TBL, using 

formalin-fixed paraffin embedded (FFPE) tissues. 

One hundred seventeen cases of granulomatous lymph- 

adenitis were retrieved from the Department of Pathology, 

Wonju Christian Hospital, between January 2000 and 

December 2010. Approval was obtained from the In- 

stitutional Ethics Committee of Yonsei University Wonju 

College of Medicine (YWMR-12-4-076). All cases were 

diagnosed as tuberculosis based on histologic findings. Other 

causes of granulomatous lymphadenitis such as sarcoidosis, 

rheumatoid arthritis, fungal infections, and cat scratch 

disease were ruled out by pathologic findings, histochemical 

staining and clinical information. All cases were stained 

with hematoxylin and eosin (H&E) and ZN stains and 

reviewed by pathologist to identify caseous necrosis and 

acid-fast bacilli. For the negative control, we used thirteen 

cases of non-tuberculous lymphadenopathy (toxoplasmosis, 

fungal infection, Hodgkin's lymphoma, and sarcoidosis). 

Five 5 μm tissue sections were cut from the paraffin 

block and put into Eppendorf tube. 1.2 ml of xylene was 

added to each tube and the samples were gently mixed for 

20 minutes at 65℃. Samples were centrifuged at 13,000 

rpm for 5 minutes and the supernatants were discarded. 

Residual xylene was removed by washing the samples 

twice with 1.2 ml of 100% ethanol for 5 minutes and 

centrifuging at 13,000 rpm for 5 minutes. The pellets were 

dried at 37℃ for 10 minutes. HELEX-100 (5% in d.w.; 

Bio-Rad Laboratories, Hercules, CA, USA) was added to 

each sample and mixed for 1 minute and incubated at 56℃ 

for 15 minutes.  The sample were then incubated at 100℃ 

for 10 minutes in boiling water bath and centrifuged at 

13,000 rpm for 3 minutes. 

We performed qPCR using Real TB-Taq® kit (M&D Inc, 

Wonju, Korea) according to the manufacturer's instruction. 

In brief, qPCR was performed in a 25 μl reaction using the 

ABI Prism 7500 (Applied Biosystems, Foster City, CA, 

USA). Each 25 μl reaction mixture contained 2.5 μl of 

primer-probe mix, 12.5 μl of 2 × Real-time PCR Master 

mix (TOYOBO, Osaka, Japan) and 5 μl of DNA templates. 

The thermal cycling conditions were 10 min at 95℃, 

followed by 40 cycles of 30s at 95℃, 2 min at 60℃. 

Thermocycling, fluorescence data collection, and data 

analysis were performed with a 7500 fast real-time PCR 

system (v. 2.0.2) (ABI) according to the manufacturer's 

instructions, with the passive reference dye, ROX, turned 

off. 

The results of qPCR were compared with those of ZN 

stain and histological features of the clinical specimens of 

the individual patients. Statistical analysis was performed 

using Microsoft® Office Excel (2010) program. 

From the total 117 chronic granulomatous lymphadenitis 

patients, 40 were men and 77 were women with mean age of 

41.5 years (range 0~81 years). The most frequent involved 

sites were cervical (n=70, 59.83%), axillary (n=17, 14.53%), 

supraclavicular (n=12, 10.26%), intra-abdominal (n=6, 

5.13%), pulmonary (n=4, 3.42%), inguinal (n=4, 3.42%) 
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and submandibular, thymic, pancreatic and pericholedochal 

(n=1, 0.85%, respectively). Four patients were diagnosed 

with malignancy (stomach, colon, lung and submandibular 

gland) in the same year. 

Histologically, all 117 cases showed chronic granulo- 

matous inflammation. Most of granulomatous lymphadenitis 

cases showed caseous necrosis (n=103, 88.03%). From the 

total 117 cases, 19 (16.24%) cases were AFB positive on 

ZN stain (Table 1). Most of the AFB positive cases (n=18, 

94.74%) showed caseous necrosis. 

The negative control cases included toxoplasmosis (n=4), 

fungal infection (n=4), Hodgkin's lymphoma (n=3), and 

sarcoidosis (n=2). All control cases were AFB negative. 

From the 117 patients studied, 92 (78.63%) cases were 

positive for Real TB-Taq qPCR. From 103 cases with 

caseous necrosis, 18 (17.48%) cases were AFB positive 

and 80 (76.19%) cases were qPCR positive. From 14 cases 

without caseous necrosis, 1 (7.14%) case was AFB positive 

and 12 (85.71%) cases were qPCR positive. All 13 cases of 

non-tuberculous lymphadenopathy serving as negative 

control were negative in qPCR. Our PCR results did not 

show a single false positive result. 

A comparison of the results of q-PCR and AFB staining 

is shown in Table 2. From the 92 qPCR positive cases, 13 

(14.13%) cases were AFB positive and from 19 AFB 

positive cases, 13 (68.42%) were qPCR positive. 

The lymph node tuberculosis is the most common form 

of extra pulmonary tuberculosis. The number of previous 

studies testing NAAT performance in nonrespiratory 

specimens, especially in lymph node tissue is relatively few 

and their results are highly heterogeneous due to differences 

in methods, and therefore limiting the clinical applicability 

of their results and precluding summary estimate of their 

sensitivity and specificity (Daley et al., 2007; Linasmita et 

al., 2012). Most of the studies used fine needle aspiration 

(FNA) samples, while the sensitivity of biopsy PCR is 

significantly higher than that of the FNA PCR (Linasmita et 

al., 2012). Furthermore, performance of qPCR for detection 

of mycobacteria in lymph node specimen is not well studied 

(Bruijnesteijn Van Coppenraet et al., 2004; Causse et al., 

2011; Linasmita et al., 2012). Additionally qPCR has the 

advantage of delivering quick results and lack of possibility 

of contamination that occurs during gel electrophoresis in 

conventional PCR. To test the performance of qPCR for 

detection of mycobacteria, we used Real TB-Taq® kit in 

surgically excised FFPE lymph node tissues. 

The previous studies evaluated the performance of PCR 

for diagnosis of TBL mostly on a limited number of samples 

(Daley et al., 2007). In our study, we performed qPCR 

analysis for Mycobacterium tuberculosis in 117 routinely 

submitted FFPE tissue blocks from histologically confirmed 

chronic granulomatous inflammation cases together with 13 

negative-control cases of non-tuberculous lymphadenopathy. 

Because lymph node specimens routinely go through 

formalin fixation after the submission to the pathology 

Table 1. Comparison of cases by existence of caseous necrosis, AFB stain results and TB-qPCR results 

aAFB stain bTB cqPCR 
Histological finding No. of cases 

Positive (%) Negative (%) Positive (%) Negative (%) 

Granulomas with caseous necrosis 103 18 (17.48) 85 (82.52) 80 (77.67) 23 (22.33) 

Granulomas without caseous necrosis  14 1 (7.14) 13 (92.86) 12 (85.71)  2 (14.29) 

Total 117 19 (16.24) 98 (83.76) 92 (78.63) 25 (21.37) 
a AFB : Acid fast bacilli 
b TB : Tuberculosis 
c qPCR : Quantitative real-time polymerase chain reaction 

Table 2. Comparison between the TB qPCR results and AFB stain
results 

cAFB stain, number of cases aTB bqPCR, 
number of cases Positive Negative 

Positive 13 79 

Negative  6 19 
a TB : Tuberculosis 

b qPCR : Quantitative real-time polymerase chain reaction 
c AFB : Acid fast bacilli 
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laboratories, mycobacterial culture is impossible (Lee et al., 

2011). In addition, conventional laboratory techniques such 

as smear microscopy are often not helpful in diagnosing 

TB lymphadenitis. For example, acid-fast staining of 120 

samples from 106 patients diagnosed with TB lymphadenitis 

using clinical, radiographic and microbiological methods 

showed only 34% sensitivity with the ZN stain and 23% 

sensitivity with fluorescent stain (Polesky et al., 2005). 

Therefore, for the detection of specific DNA fragments in 

formalin fixed tissue samples, the use of qPCR is valuable 

in diagnosis of non-culturable or fastidious organisms 

(Rimek et al., 2002). Since each genome may have many 

copies of gene, the sensitivity of PCR for the analysis is 

expectedly high and since the primers are designed to 

hybridize to specific target sequences, the specificity is 

similarly high. Furthermore, PCR may be completed in a 

single day and for this reason may represent a significant 

improvement over current diagnostic techniques (Daley et 

al., 2007). Absence of culture study is one of the limitations 

of our study. Nevertheless, histopathology still remains the 

most important and reliable method in a high TB prevalent 

area (Ahmed et al., 2011; Linasmita et al., 2012). All cases 

in our study were histologically diagnosed as tuberculosis. 

Although the positivity rate of AFB stain (n=18, 94.74%) 

was significantly high in the cases with caseous necrosis, 

the qPCR result showed no great difference between the 

cases with and without caseous necrosis. Therefore, in 

granulomatous lesions without caseous necrosis the possi- 

bility of tuberculosis in the absence of PCR cannot be ruled 

out. 

The positivity rate of qPCR (78.63%) was significantly 

higher than that of AFB staining (16.24%). The Gen-Probe 

AMTD, one of the commonly used commercial PCR kits for 

Mycobacterium tuberculosis showed 93% of sensitivity in 

a relatively large number of TBL cases (n=197) (Kerleguer 

et al., 2004). The Roche Amplicor Mycobacterium tuber- 

culosis PCR test showed relatively low sensitivity (58.2%) 

for the diagnosis of TBL (Osores et al., 2006). Our result 

showed that the Real TB-Taq qPCR kit is less sensitive 

compared to Gen-Probe AMTD and more sensitive than 

Roche Amplicor kit. It needs mentioning that they used 

FNA or biopsy fresh tissue samples. However, in FFPE 

tissue samples, our results show slightly higher positive rate 

of Real TB-Tag qPCR compared to a previous study (Lee 

et al., 2011). 

It needs mentioning that six cases in this study showed 

AFB positivity but qPCR negativity which might be due to 

presence of other non-tuberculous mycobacteria (NTM) 

infection. 

In summary, we demonstrate that the qPCR is more 

sensitive for the accurate diagnosis of TBL in formalin-

fixed paraffin-embedded tissue samples compared to con- 

ventional detection methods. 
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