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Tuberculous lymphadenitis (TBLN) is a common form of extrapulmonary tuberculosis with multiple dif-
ferential diagnoses. Demonstration of the etiologic agent by smear microscopy or culture of fine needle aspirate
(FNA) specimens is often unsuccessful. FNA specimens from 40 patients presenting at a rural health center in
South Ethiopia and diagnosed as positive for TBLN on the basis of clinical and cytological criteria were
analyzed for mycobacterial DNA by PCR. Thirty (75%) had cervical lymphadenitis and 11 (27.5%) were
seropositive for human immunodeficiency virus (HIV). Three primer sets were initially used to identify the
causative agent at the genus (antigen 85 complex), complex (IS6110 insertion sequence), and species (pncA
gene and allelic variation) levels. Among the forty TBLN cases, 35 (87.5%) were positive by PCR at the genus
and complex levels. Based on PCR for detection of allelic variation at position 169, 24 (68.6%) of the 35 were
positive for Mycobacterium tuberculosis and 6 (17.1%) were positive for M. bovis. These six were positive in
additional PCR assays using the JB21-JB22 primer set, which is highly specific for M. bovis. Five (14.1%)
showed amplification for both M. tuberculosis and M. bovis with the allele-specific primer set. Cooccurrence of
pyrazinamide (PZA)-sensitive and -resistant M. tuberculosis in those five cases was indicated, since all were
negative in assays with the JB21-JB22 primer set. This feature was seen in 3 of 11 HIV-positive and 2 of 29
HIV-negative individuals (P < 0.001). Conclusion: among 35 PCR-positive cases of TBLN from southern

Ethiopia, 29 (82.9%) were caused by M. tuberculosis and six (17.1%) were caused by M. bovis.

In developing countries with a high incidence of tuberculo-
sis, tuberculous lymphadenitis (TBLN) is one of the most fre-
quent causes of lymphadenopathy (12) and it is the most com-
mon form of extrapulmonary tuberculosis (16). TBLN also
occurs with increased frequency in human immunodeficiency
virus type 1 (HIV-1)-infected individuals (9, 27). Within the
Mycobacterium tuberculosis complex, M. tuberculosis and M.
bovis are the most common causative agents of TBLN. Which
control measures and treatment are to be instituted depends
on the most common causative agent in the area. Therefore,
species identification is of paramount importance.

Over the past decades, fine needle aspirate (FNA) cytology,
an alternative procedure less invasive than excision biopsy, has
assumed an important role in the diagnosis of peripheral
lymphadenopathy. The cytological criteria for diagnosis of
TBLN have been clearly defined (13, 19). However, the
amount of material obtained in FNA is usually so small that it
is often inadequate for performance of acid-fast smear and
culture examinations with reasonable sensitivity.

Introduction of the PCR provided new possibilities for iden-
tification of mycobacteria in various types of clinical samples
(3, 5); based on the amplification of common sequences, the
identification time for detection of mycobacteria in clinical
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specimens was reduced (4, 8). The M. tuberculosis complex,
consisting of M. tuberculosis, M. bovis, M. africanum, and M.
microti, has been identified with a number of different targets,
including the IS6710 insertion element sequence, using PCR
methods (2, 6).

In the present study, PCR was applied for assays of FNAs to
identify the causative agent in TBLN in Ethiopia at the genus,
complex, and species levels.

MATERIALS AND METHODS

Patients. The study was initiated after approval by the institutional and na-
tional ethical committees. FNAs which were collected between January 2000 and
May 2001 at the Butajira health center in southeastern Ethiopia from 72 con-
secutive patients with a clinical diagnosis of TBLN were studied. Of these, 40
cases of TBLN, which were confirmed on the basis of combined clinical and
cytological criteria, were studied further for species identification of the causative
agent. FNA was collected from swollen lymph nodes of each subject by using a
21-gauge needle under sterile conditions and was split in two different portions.
One part was used for preparation of smears for Ziehl-Neelsen staining for
acid-fast bacilli and for hematoxylin and eosin staining for cytological analysis.
The rest was stored at —20°C until used for DNA extraction. A clinical diagnosis
of TBLN was considered to be appropriate in cases in which the patient had
chronic enlarged nontender lymph nodes and lack of response to a 2-week course
of broad-spectrum antibiotics. The duration and kind of clinical symptoms and
the location and size of affected lymph nodes were recorded on a questionnaire
for each patient.

Cytological criteria and demonstration of acid-fast bacteria. FNAs were con-
sidered diagnostic of TBLN in cases in which they contained thick yellowish
material showing any combination of the following cytological criteria: existence
of a necrotic background associated with the presence of lymphohistiocytic cells
and absence of a significant polymorphonuclear cell population; presence of
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elements of a granulomatous inflammatory reaction consisting of giant cells
and/or epithelioid cell clusters and a lymphobhistiocytic cell population; and
positivity for acid-fast bacilli on Ziehl-Neelsen staining, regardless of the inflam-
matory cell population.

HIV serology test. All patients were screened for HIV by using a commercial
micro-enzyme-linked immunosorbent assay kit (Vironostika HIV Uni-Form 11
PlusO; Organon Teknika GmbH, Eppelheim, The Netherlands) and following
the manufacturer’s instructions. Tests were repeated for all cases for confirma-
tion.

DNA extraction. Mycobacterial genomic DNA was extracted as previously
described (32), with minor modifications. Briefly, 200 pl of the FNA material was
incubated in a water bath at 80°C for 20 min to inactivate the bacteria and was
diluted with 500 pl of Tris-EDTA buffer. The bacteria were thereafter lysed with
50 pl of 10 mg of lysozyme (Sigma, Saint Louis, Mo.)/ml and vortexed before
incubation for 1 h at 37°C. The lysozyme-treated samples were incubated at 65°C
for 10 min in the presence of 10 mg of proteinase K (GIBCO/BRL-Life Tech-
nologies, Gaithersburg, Md.)/ml-10% sodium dodecyl sulfate (Sigma). A 5 M
solution of sodium chloride-cetyltrimethylammonium bromide was added to the
sample, and phenol-chloroform-isoamyl alcohol (25:24:1) extraction was per-
formed. The DNA precipitate was obtained by adding 0.6 vol of isopropanol to
the aqueous phase. After storage for 1 h at —20°C, the DNA was collected by
centrifugation at 12,000 rpm (Centrifuge 5415; H. Jurgens & Co., Berman,
Germany) for 15 min, washed with 70% ethanol, and resuspended in 30 pl of
distilled water. Finally, the sample was treated with a 0.2-mg/ml final concentra-
tion of RNase (Sigma) and incubated for 1 h at 37°C before storage at —20°C
until the PCR assay was performed.

PCR. A multiprimer PCR system was used to amplify different targets in the
mycobacterial DNA (4). All primers were obtained from TIB Molbiol Synthese-
labor, Berlin, Germany, and the reactions were carried out in a Hybaid PCR
machine (Omnigene, Teddington, Middlesex, United Kingdom). MT1 (5'-TTC
CTGACCAGCGAGCTGCCG-3") and MT2 (5'-CCCCAGTACTCCCAGCTG
TGC-3") primers (4) were used to amplify equally sized targets of 85a (Rv3804c)
and 85h (Rv1886¢) genes. No reaction product of the 85¢ (Rv0129c) gene was
obtained with these primers. Amplification of the IS67/10 gene was carried out
with the IS5 (5'-CGGAGACGGTGCCTAAGTGG-3") and IS6 (5'-GATGGA
CCGCCAGGGCTTGC-3") primers (4).

The PCR mix was prepared in a final volume of 25 pl, using Ready-To-Go
beads (Amersham Pharmacia Biotech, Freiburg, Germany). The amplification
program for the 85a, 85b, and IS6110 genes included 35 cycles of 94°C for 1 min
for denaturation, 71°C for 1.5 min for annealing, and 72°C for 2 min for extension
and a final incubation at 72°C for 10 min, with both sets of primers added into
the tubes.

An allele-specific PCR system was used for the amplification of the pncA
(Rv2043c) gene (8). PncATB-1.2 (5'-ATGCGGGCGTTGATCATCGTC-3")
was used as a forward primer. PncAMT-2 (5'-CGGTGTGCCGGAGAAGCG
G-3') and PncAMB-2 (5'-CGGTGTGCCGGAGAAGCCG-3") were used as
reverse primers. All reactions were performed with the same forward primer and
one of the two discriminating reverse primers. The program for the amplification
of this gene included 1 cycle of 95°C for 2 min and 30 cycles of 94°C for 1 min,
67°C for 1 min, and 72°C for 1 min.

Using the JB21 (5'-TCGTCCGCTGATGCAAGTGC-3") and JB22 (5'-CGT
CCGCTGACCTCAAGAAG-3') primers to amplify a 500-bp fragment, an M.
bovis-specific PCR assay was carried out to reconfirm the M. bovis-specific PCR
results obtained with the PncAMB-2 differential primer. The amplification was
done as described previously (24), with cycling conditions of 5 min of denatur-
ation at 94°C and 30 cycles of 94°C for 1 min, 68°C for 1 min, and 72°C for 1 min.

Standardization of the PCR technique and further speciation of mycobacteria.
Using DNA from the reference strain of M. tuberculosis, serial 10-fold dilutions,
ranging between 100 ng and 10 fg, were prepared, and PCR was done using
multiple primers, including the genus- and complex-specific primers (primer pair
MT1 and MT2 and primer pair IS5 and IS6, respectively). The analytical sensi-
tivity of the PCR system was determined by calculating the lowest concentration
of DNA that could be amplified and detected. For each sample, original and
1:10-diluted DNA extracts were amplified by PCR to control for false-negative
results due to the presence of inhibitors. DNA extracts from cultures of M.
tuberculosis (ATCC 35836) and M. bovis (RIVM 12716) isolates from the Na-
tional Institute of Public Health and Environmental Protection (Bilthoven, the
Netherlands) were used as positive controls in each assay. Extract of DNA from
an aspirate known to be negative for mycobacterial culture and repeated PCR
was used as the internal negative control. Moreover, double-distilled water,
instead of template material, was run in parallel in each assay to control for
contamination.
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FIG. 1. Analytic sensitivity of the multiprimer PCR system for M.
tuberculosis DNA. Lane 1, 123 DNA ladder molecular weight markers;
lane 2, 100-ng amplification of the 85a, 856 (506 bp), and 1S6110 (984
bp) insertion element genes; lane 3, 10 ng; lane 4, 1 ng; lane 5, 100 pg;
lane 6, 10 pg; lane 7, 1 pg.

Analysis of the amplification products. Amplified PCR products were ana-
lyzed by electrophoresis in 1.5 and 2% agarose gel (Sigma) containing 0.5 ng of
ethidium bromide/ml (26). The results were considered positive when a clearly
defined DNA band was observed in the agarose gel at the expected position in
comparison with those of the molecular weight marker (123 DNA ladder and
DNA EcoRI and HindIII digests; Sigma) and a positive control of M. tuberculosis
and/or M. bovis DNA.

RESULTS

In this study of 72 consecutive patients with a clinical diag-
nosis of TBLN, 40 (55.6%) were confirmed TBLN cases, based
on combined clinical and cytological criteria. Of the 40 pa-
tients, 24 (60%) were male. The mean age was 24.2 years
(range, 15 to 60). Eleven (27.5%) of the 40 patients were
seropositive for HIV. The most frequently aspirated lymph
nodes included cervical (75%), supraclavicular, submandibu-
lar, and axillary nodes.

In a separate clinical study of 146 patients suspected of
TBLN on the basis of clinically assessed indications, 96 (65%)
of the patients were confirmed as TBLN positive by FNA
cytology and acid-fast smear examination. FNA cytology re-
vealed that 47 (94%) of the remaining 50 non-TBLN
(NTBLN) patients had pyogenic lymphadenitis. For the TBLN
and NTBLN patients, the clinical manifestations and percent-
ages of HIV positivity were similar, with 23 of 96 (24%) and 10
of 50 (20%) patients testing as positive, respectively (P > 0.5)
(M. A. Yassin and D. Kidane, unpublished observations).
Thus, we have no indication that the 32 PCR-negative patients
had an atypical presentation or cytology because they were
HIV infected.

The analytical sensitivity of the multiplex PCR (with primer
pair MT1 and MT2 and primer pair IS5 and IS6) was deter-
mined using serial dilutions of DNA from reference strains of
M. tuberculosis, as shown in Fig. 1. The PCR detected the
presence of chromosomal DNA at levels as low as 10 pg.
Figure 2 shows the results with clinical samples. Repeat PCR
runs on the same samples for control, as described in Material
and Methods for species identification, resulted in three more
samples being positive on the second run, in addition to con-
firmation of all previously positive results. Each sample was
also tested in duplicate with the original extract and a 1:10
dilution to avoid false-negative results due to inhibitors. Four
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FIG. 2. Electrophoretic pattern of the amplified 85a, 85b, and
IS6110 insertion element genes from clinical samples. Lane 1, 123
DNA ladder molecular weight markers; lanes 2 to 10, clinical samples;
lane 11, positive control; lane 12, negative control.

clinical samples became positive after dilution. On the basis of
combined clinical and cytological criteria, five of the confirmed
TBLN cases remained negative by PCR. The nature and
amount of available FNA material may account for insufficient
sensitivity in the PCR assay. Repeat samples were not available
for testing.

Figure 3 shows that FNA samples containing M. tuberculosis
and M. bovis could be distinguished by PCR with the allele-
specific primers PncAMT-2 and PncAMB-2, respectively.

Table 1 shows PCR results for aspirates from different sites.
Aspirates from 35 of the 40 (87.5%) patients returned positive
results with either the M. tuberculosis- or M. bovis-specific PCR
system. Of the aspirate samples, 24 (60%) were positive for M.
tuberculosis, 6 (15%) were positive for M. bovis, and 5 (12.5%)
returned results that were suggestive of coamplification. Table
2 shows that the overall PCR results did not differ for the
HIV-negative and HIV-positive patients (86.2 versus 90.9%
positive, respectively). However, results suggestive of coampli-
fication of M. tuberculosis and M. bovis were more common for
HIV-positive patients (3 of 11 [27.3%]) than for HIV-negative
patients (2 of 29 [6.9%]). Although the number of patients with
coamplification of the PCR signals was low, it was noted that
the difference in results for HIV-positive and HIV-negative
patients was statistically significant (P < 0.001).

Additional PCR assays with the JB21-JB22 primer set, which
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FIG. 3. Electrophoretic pattern of allelic PCR system amplified
product of pncA genes (185 bp) from clinical samples in 1.5% agarose
gel. Lane 1, 123 DNA ladder molecular weight markers; lanes 2 to 7,
clinical samples positive for M. tuberculosis and negative for M. bovis;
lanes 8 and 9, clinical sample negative for M. tuberculosis and positive
for M. bovis, respectively; lanes 10 and 11, coamplified pncA positive
for M. tuberculosis PZA-sensitive and -resistant strains, respectively;
lanes 12 and 13, M. tuberculosis reference strain DNA tested for the
pncA genes of M. tuberculosis and M. bovis, respectively (positive con-
trol); lanes 14 and 15, M. bovis reference strain DNA tested for the
pncA genes of M. bovis and M. tuberculosis, respectively (positive con-
trol); lane 16, negative control.
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TABLE 1. Lymph node involvement and initial speciation of
mycobacteria by PCR with primers for the 85a, 85b, and pncA
genes in FNAs from 40 patients with a combined clinical
and cytological diagnosis of TBLN

No. (%) of patients whose isolates were positive by
PCR amplification for:

Site
(no. of patients) M Coamplified
tubercuiosis M. bovis M. tuberculosis
and M. bovis
Cervical (30) 20 (66.6) 4(13.3) 3(10)
Others (10)* 4 (40) 2(20) 2 (20)
Total (40) 24 (60) 6 (15) 5(125)

“ Supraclavicular, submandibular, or axillary lymph nodes.

was highly specific for M. bovis (24), were done for the five
cases that exhibited coamplification and the six cases that were
positive for the M. bovis pncA gene. Control samples of M.
tuberculosis and M. bovis were negative and positive, respec-
tively, while all five coamplification samples were negative,
suggesting that the coamplified products did not have M. bovis
DNA. However, the six cases that had been positive for the M.
bovis pncA gene again gave positive results with the JB21-JB22
primer set.

DISCUSSION

Extrapulmonary tuberculosis is often difficult to diagnose
because of its diverse clinical presentations. In a significant
proportion of clinical samples, low numbers and slow growth
rates of bacilli limit detection by conventional techniques such
as acid-fast staining and bacterial culture (28). For identifica-
tion of microorganisms at the species level, molecular methods
are now extensively used for diagnosis and control of infectious
diseases. This approach is fast, sensitive, and of high specificity.

In the present study, we used the PCR technique to identify
the causative agent in TBLN. Positive signals at Mycobacterium
genus and M. tuberculosis complex levels were obtained in
FNAs from 35 (87.5%) of 40 patients with a clinical and cyto-
logical diagnosis of TBLN. These results are similar to those
presented in other reports, including a report presenting find-
ings in which 83% detection was achieved for lymph node
aspirates from 23 patients for whom the cytological diagnosis
was consistent with that of TBLN (30), based on amplification
of regions in the IS6110 insertion sequence which is present in
multiple copies in most strains of M. tuberculosis (31). In a
more recent study of TBLN, 55% of the tested cases were PCR

TABLE 2. HIV infection and its association with mycobacterial
species as indicated by PCR with primers for the
85a, 85b, and pncA genes

No. (%) of patients whose isolates were positive by PCR
amplification for:

HIV status
(no. of patients) Coamplified
M. tuberculosis M. bovis M. tuberculosis Total
and M. bovis
Negative (29) 18 (62.1) 5(17) 2(6.9) 25 (86.2)
Positive (11) 6 (54.5) 1(9) 3(27.3) 10 (90.9)
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positive, based on amplification of the devR gene of M. tuber-
culosis (28). These primers are from the gene now denoted
Rv3133c.

M. tuberculosis, M. bovis, M. africanum, and nontuberculous
mycobacteria all induce lymphadenitis, but lymphadenitis due
to infection with the M. tuberculosis complex is more chronic in
nature, while NTBLN often has a more rapid course (29).
However, all the above conditions can be influenced by geo-
graphical and ethnic variations. For example, the occurrence of
TBLN has been reported to vary considerably, depending on
ethnicity, geographical location, age, and gender (7, 17). The
group of subjects from the Butajira district included members
of a variety of ethnic groups.

Changing trends have been observed for the infectious agent
in lymphadenitis, firstly, regarding the relative importance of
the M. tuberculosis complex compared with that of other my-
cobacterial species and, secondly, regarding M. tuberculosis
compared with M. bovis.

Changes of the first kind are typical of industrialized coun-
tries and are well documented in southeast England (33). From
1980 to 1989, cultures were received from 1,817 patients with
mycobacterial lymphadenitis. Of these, 1,677 (92.3%) of the
cultures were identified as harboring M. tuberculosis, 25 were
M. bovis, 21 were M. africanum, and 94 were “other environ-
mental species.” In comparison with the findings of a survey in
the same region in 1973 to 1980, there was a 20% increase in
the number of cases due to environmental mycobacteria. In
Australia (20) and British Columbia (23), atypical mycobacte-
ria were detected 10 times more frequently than M. tuberculosis
mycobacteria in lymphadenitis cases.

In earlier studies from other countries, M. bovis was often
considered to be the most common cause of lymph node tu-
berculosis in humans, mainly acquired through drinking raw
milk from tuberculous cattle (10). However, in the United
States, by 1910 M. tuberculosis was identified as the cause of
70% of mycobacterial cervical lymphadenitis in children (21),
and in 1951, M. tuberculosis was found to be responsible for all
except a few cases of tuberculous lymph node disease in adults
as well (18). In general, declining rates of M. bovis isolation
from human tuberculosis patients have been associated with
milk pasteurization and cattle inspection programs in industri-
alized countries (11, 15).

Changes in the pattern and prevalence of tuberculosis strik-
ingly influence the etiology of mycobacterial lymphadenitis.
When mycobacterial infection is highly prevalent, M. tubercu-
losis complex organisms are the almost exclusive cause of cases
of mycobacterial lymphadenitis, the majority being caused by
M. tuberculosis (17, 29).

Fine needle aspiration has acquired a prominent place in the
diagnostic work on lymphadenitis in developing countries (14).
Cytology is more sensitive than culture. PCR is extensively
applied. In general, the primers used are designed for demon-
stration of the presence of the M. tuberculosis complex and very
rarely for distinguishing between M. tuberculosis and M. bovis.
In the present study, the primers were designed for the latter
purpose. M. tuberculosis was found to be the causative agent in
most patients, and M. bovis was found to be the causative agent
in 6 of the 35 PCR-positive cases.

In the five patients with coamplification of two pncA genes,
suggesting a mixed M. tuberculous and M. bovis infection, fur-

TUBERCULOUS LYMPHADENITIS 4233

ther investigation to distinguish between coinfection and si-
multaneous occurrence of pyrazinamide (PZA)-sensitive and
-resistant M. tuberculosis was conducted, using the JB21 and
JB22 primers to amplify a 500-bp fragment highly specific for
M. bovis (24, 25). All of the five samples were negative for the
500-bp fragment of M. bovis, indicating that the coamplifica-
tion was most likely due to simultaneous occurrence of PZA-
sensitive and -resistant M. tuberculosis. It is particularly inter-
esting that this coamplification occurred more frequently in
HIV-positive than HIV-negative patients (3 of 11 [27.3%] and
2 of 29 [6.9%], respectively) (P < 0.001). This result is probably
related to the occurrence of larger bacillary numbers in HIV-
positive than HIV-negative individuals with tuberculous dis-
ease. However, the six cases positive for the M. bovis pncA gene
alone were positive with the JB21-JB22 primer set, confirming
that the infection was due to M. bovis.

Given the rising frequency of HIV infection and its impact
on tuberculosis, identification of the etiological agent of TBLN
in the HIV-positive host gains particular significance. Coinfec-
tion with HIV may influence several clinical and laboratory
features among patients with TBLN (22). In this study, TBLN
was detected by PCR in 90% of HIV-infected and in 86% of
non-HIV-infected subjects. The proportions of TBLN among
HIV-infected and non-HIV-infected patients were also found
to be similar. This finding might suggest a high rate of myco-
bacterial transmission in the community. It might also imply
that factors other than HIV infection may be more likely to be
responsible for the occurrence of TBLN in the population.

This study shows that PCR is a powerful tool for the diag-
nosis of TBLN at the species level, provided that appropriate
steps are followed to recognize and overcome pitfalls such as
contamination, low target amplification, and inhibition. We
tested all samples at the original dilution and at a 1:10 dilution
of the DNA extracts. Four samples which tested as negative in
the original extract tested as positive after 1:10 dilution. This
shows that inhibition caused by interfering substances in a
patient sample may induce false-negative results.

Thus, PCR is a powerful technique for diagnosis and spe-
ciation of mycobacterial infection in FNAs from patients with
cervical lymphadenopathy. It has been recommended that all
patients with suspected TBLN in Africa undergo fine needle
aspiration before surgical biopsy or empirical treatment (1).

In low-income, developing countries like Ethiopia, FNA
samples can be taken at peripheral health centers and collected
for further cytological analysis and PCR in a central laboratory
for species identification of the causative agent, thus providing
information of importance for treatment and control purposes.
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