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Background: Early lymph node tuberculosis (LNTB) diagnosis is still difficult. The majority of LN specimens require the under-
taking of invasive and unpleasant procedures.
Purpose: To evaluate the diagnostic efficacy of pathology when combined with molecular tests for the diagnosis of LNTB in core
needle biopsy (CNB) specimens and to compare that diagnostic efficacy with that deriving from tissue specimens’ examination alone.
Methods: We retrospectively analyzed the medical records of LNTB patients who met the inclusion criteria. The sensitivity,
specificity, positive predictive value (PPV), negative predictive value (NPV), and area under the curve (AUC) of pathology, molecular
tests, and parallel test (positive result for either of these two assays) were calculated to evaluate their diagnostic efficacy compared
with a composite reference standard.
Results: A total of 289 patients were included in the study. The overall sensitivity, specificity, PPV, NPV, and AUC of pathology,
molecular tests, and parallel test were 94.5%, 97.2%, 99.6%, 71.4%, 0.96; 73.1%, 100.0%, 100.0%, 34.6%, 0.87; and 98.4%, 97.2%,
99.6%, 89.7%, 0.98, respectively. For CNB specimens, these values for pathology, molecular tests, and parallel test were 93.3%,
96.2%, 99.4%, 69.4%, 0.95; 76.4%, 100.0%, 100.0%, 40.0%, 0.88; and 99.4%, 96.2%, 99.4%,96.2%,0.98, while those same values for
the tissue were 96.6%, 100.0%, 100.0%, 76.9%, 0.98; 67.1%, 100.0%, 100.0%, 25.6%, 0.84; and 96.6%, 100.0%, 100.0%,
76.9%,0.98, respectively.
Conclusion: The validity of pathology and molecular testing when using CNB specimens was similar to that of tissue specimens for
relevant assessment approaches. For the LNTB diagnosis, CNB specimens were preferred for the simultaneous undertaking of
pathological examination and molecular testing.
Keywords: pathology, molecular tests, CapitalBio assay, Xpert, lymph node tuberculosis, CNB, tissue, accuracy

Introduction
Tuberculosis (TB), caused by Mycobacterium tuberculosis (MTB) infection, remains a major threat to human health.1 TB
occurring in organs other than the lungs is called extrapulmonary tuberculosis (EPTB). Lymph node TB (LNTB) is the
most common type of EPTB.2 In LNTB, lesions in the peripheral LN are the most easily observed.3 Although peripheral
LNTB is not fatal in most cases,4 delayed treatment could result in significant lymphatic enlargement or abscess
formation, seriously affecting the patient’s appearance and quality of life, and leading to social isolation.5 Early LNTB
diagnosis is still difficult. The majority of LN specimens require the undertaking of invasive and unpleasant procedures.6

The fine needle aspiration (FNA) is still in limited use for the diagnosis of LNTB.7,8 Its alternative, the LN biopsy, can
obtain the whole LN tissue with better diagnostic efficacy, but it is more invasive and has certain risks.9 On the other
hand, core needle biopsy (CNB) allows for more of a specimen to be obtained, avoids the shortcomings of FNAwithout
increasing the risk.10 Due to limitations such as the low sensitivity of acid-fast bacilli (AFB) smear and 2–6 weeks
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required in order to conduct an MTB culture, the AFB smear and the MTB culture using LN samples cannot provide
early diagnosis.11 However, a pathological diagnosis is also very important for the diagnosis of LNTB, while the time to
obtain pathological results is less than 1 week; a timeframe that does not exert a significant impact on the treatment of
LNTB.

With the development of molecular detection technologies, the early and rapid diagnosis of infectious diseases,
including TB, is now possible.12 The Xpert MTB/RIF (Xpert, Cepheid, Sunnyvale, CA, USA) is a star product.13,14 This
test has been recommended as a diagnostic tool for LNTB by the World Health Organization.15 Moreover, the
CapitalBio Mycobacterium real-time polymerase chain reaction (RT-PCR) assay (CapitalBio assay, CapitalBio
Technology Inc., Beijing, China) is a rapid diagnostic test that can detect both TB and nontuberculous mycobacteria
(NTM) infections with a single test.16 It should be noted that the diagnostic efficacy of this assay for TB is similar to that
of Xpert.17,18

Studies including a pathological examination of CNB specimens combined with molecular tests as an approach to
LNTB diagnosis, and comparing their efficacy with that provided by tissue specimens alone, are limited. The aim of this
study was: (i) to evaluate the diagnostic efficacy of pathology when combined with molecular tests for the diagnosis of
LNTB in CNB specimens, (ii) to compare that diagnostic efficacy with that deriving from tissue specimens’ examination
alone, as well as (iii) to explore further diagnostic strategies for LNTB so as to provide clinicians and patients with
optimal diagnostic protocols.

Materials and Methods
Study Design
At the Zhejiang Tuberculosis Diagnosis and Treatment Center, Affiliated Hangzhou Chest Hospital, Zhejiang University
School of Medicine, we conducted a retrospective study aiming to evaluate the role of pathology combined with
molecular tests in the diagnosis of LNTB. We reviewed the clinical medical records of patients with suspected peripheral
LNTB hospitalized at our center between January 2018 and December 2020. Patients with enlarged peripheral LNs
(diagnosis by ultrasound), combined with TB-related symptoms, such as fever, night sweats, positive results for the
tuberculin purified protein derivative (PPD) test and/or the gamma interferon (IFN-γ) release assay, or an evidence of
a TB-infection in other body sites, were considered suspected LNTB. Patients who had LN CNB or biopsy performed to
obtain specimens for pathology, MTB culture, and molecular tests (CapitalBio assay and/or Xpert) were included in this
study. The clinician communicated with the patient about advantages and disadvantages associated with CNB and biopsy,
and the patient decided whether to undergo CNB or biopsy. Patients who did not undergo invasive procedures or did not
take the relevant tests, had uncertain pathological or molecular test results or were not followed up, were excluded.
Human immunodeficiency virus (HIV) antibodies tests were performed on all patients. Written informed consent was
obtained from all patients.

Based on the results of the pathological examination and those of the molecular tests, we were able to further analyze
the first in combination with the second (parallel test). A positive parallel test result means a positive test for either the
pathological examination or the molecular tests, and a negative parallel test result means that both the pathological
examination and the molecular tests results are negative. This study complies with the Declaration of Helsinki. The
present study was approved by the Human Research Ethics Committee of the Affiliated Hangzhou Chest Hospital,
Zhejiang University School of Medicine.

A composite reference standard (CRS) was used as the diagnostic gold standard for this study. The CRS includes
a number of indicators: namely, the AFB smear, the MTB culture, clinical symptoms, ultrasound and imaging changes,
the pathology results, other molecular testing results, the results of the IFN-γ release assay and those of the PPD test, as
well as the effectiveness of the administered anti-TB treatment. Multiple positive indicators were needed to confirm
LNTB as single indicators, except AFB smear and MTB culture, cannot confirm LNTB. Based on this reference standard,
we organized the enrolled patients into three groups:

Confirmed LNTB
Patients with a positive AFB smear or MTB culture from their LN specimens;
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Probable LNTB
Patients with TB-associated clinical symptoms, imaging changes indicative of LNTB, combined TB of other organs,
positive immunological tests, positive results from the pathological examination or the molecular testing, response to
anti-TB therapy;

Non-LNTB
Negative AFB smear and MTB culture, clearly other pathogenic infections or tumors, and improvement of disease
without anti-TB therapy.

Confirmed LNTB and probable LNTB patients were considered to have clinical LNTB according to the CRS.

Diagnostic Specimen Collection and Handling
LN CNB specimens and tissue specimens were collected for pathological examination and molecular testing. CNB
specimens were obtained by ultrasound-guided CNB using an 18G puncture needle, while tissue specimens were
obtained by LN biopsy. The obtained LN specimens (≥3 punctures-full of CNB specimens and ≥1 cm3 of tissue
specimens from biopsy) were aliquoted into three groups: (i) those to be used for an MTB culture, (ii) those to undergo
a histological examination, and (ii) those to be submitted to molecular testing. As a result, one of the CNB specimens and
one part of the tissue specimen were placed in 10% formalin solution and subsequently sent to the Pathology Department
for histological processing and examination. The remaining CNB and tissue specimens were sent to the TB laboratory for
molecular testing and MTB culturing.

MTB Culture
MTB culture of LN specimens used solid or liquid medium. Solid culture used Lowenstein–Jensen medium and liquid
culture used the BACTEC MGIT 960 Mycobacteria Culture System (BD Diagnostic Systems, Sparks, MD), according to
the system’s instructions.

Pathology
After receiving the specimens fixed in 10% formalin solution, the Pathology Department first rinsed them and then
gradually dehydrated them with 80–100% alcohol. After dehydration, the specimens were soaked in paraffin wax and
embedded so as to obtain wax blocks. The wax blocks were trimmed and sliced to a thickness of 4–6 μm. The sections
were fully flattened, then placed on slides and subsequently baked at 60°C for 15–30 min in order to remove the paraffin
wax. The obtained sections were subjected to pathological examination and antacid staining by an experienced pathology
professional. TB was considered when granulomatous inflammation along with coagulative necrosis was observed.
Histological results were available within 1 week.

Molecular Tests
Specimens were tested using CapitalBio assay and/or Xpert. For CapitalBio assay, the specimens were added to the
buffer; a homogeneous suspension was obtained by grinding, and 1 mL was obtained. The 1-mL sample was added to
2 mL of the specimen preparation solution to obtain liquefied specimens. Then, 1 mL liquefied specimens were
centrifuged to obtain sediment. Then, the sediment was used for nucleic acid extraction. Then, 2 µL extracted DNA
was used according to the manufacturer’s instructions. A fluorescence quantification RT-PCR instrument (SLAN-96S
Real-Time PCR System ZEESAN Xiamen CN) was used to amplify and detect IS6110 multicopy elements for MTB.
The test results were available in ~3 hours.19 For Xpert, 1 mL of the specimen and 2 mL of the specimen reagent were
mixed. The mixture was agitated for 20s and incubated at room temperature for 15 min. Next, 2 mL of the treated
specimen solution was added to the Xpert reaction cartridge and placed in the assay module to initiate automatic assay.
The system automatically read the MTB assay results within 2 hours.20 A positive test for either CapitalBio assay or
Xpert was considered a positive molecular test.
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Data Processing and Statistical Analysis
True positive (TP), false positive (FP), false negative (FN), and true negative (TN) values in a cross-tabulation were
calculated using SPSS 24.0 (IBM Corp., Armonk, NY). Calculation of the sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), and area under the curve (AUC) with 95% confidence interval (CI) of the
pathology and molecular tests based on TP, FP, FN, TN values using MedCalc Statistical v15.2.2 (MedCalc Software
bvba, Ostend, Belgium; http://www.medcalc.org). This study used CRS as the reference standard to evaluate the
diagnostic efficacy of the relevant assays. Paired data were compared using McNemar’s test. Proportions were compared
for different types of specimens using the Chi-square test or Fisher’s exact test. Differences between different AUCs
were compared using the Z test. Venn diagram was generated using an interactive tool (https://bioinfogp.cnb.csic.es/
tools/venny/index.html).21 P values < 0.05 were regarded as statistically significant differences.

Results
289 patients were finally included in this study after reviewing their clinical data. 37 patients with incomplete data were
excluded, including 20 patients who were lost to follow-up (Figure 1). Each patient provided a CNB specimen or tissue
specimen; as a result, a total of 289 specimens were collected, including 98 tissue specimens and 191 CNB specimens.
The clinical characteristics of the patients are summarized in Table 1.

Based on the CRS, 61 specimens were defined as confirmed LNTB, 192 as probable LNTB, and 36 as non-LNTB
(Figure 1). The distribution and the overlap of the positive findings deriving from the aforementioned methods were
compared with the CRS in the different types of specimens, and are presented in Figure 2. The 36 non-LNTB patients
were eventually diagnosed with lymphadenitis (n = 18), lymphomas (n = 9), metastatic tumors (n = 8) or NTM infection
(n = 1). A patient with lymphoma had a pathological diagnosis of TB based on a CNB specimen, received an anti-TB
treatment that proved ineffective, and eventually was diagnosed with lymphoma based on an LN biopsy at another
hospital.

Figure 1 Diagnostic classification of the study participants.
Abbreviations: LNTB, Lymph node tuberculosis; CNB, core needle biopsy.
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Diagnostic Accuracy of Pathology, Molecular Tests, and the Parallel Test
The overall sensitivity, specificity, PPV, NPV, and AUC of pathology in diagnosing LNTB were 94.5% (90.9–96.9%),
97.2% (85.5–99.9%), 99.6% (97.7–100.0%), 71.4% (56.7–83.4%), and 0.96 (0.93–0.98), respectively. The overall

Figure 2 Venn diagram of positive tests. (A) All specimens. (B) Tissue specimens. (C) Core needle biopsy specimens.

Table 1 Clinical Characteristics of the Included Patients

Characteristics All (n = 289) Confirmed LNTB
(n = 61)

Probable LNTB
(n = 192)

Non-LNTB
(n = 36)

Age (year, mean ± SD) 39.7±19.0 47.7±20.7 36.4±16.4 44.8±23.1

Male (n, %) 127 (43.9) 25 (41.0) 81 (42.2) 21 (58.3)

HIV positive (n, %) 1 (0.3) 1 (1.6) 0 (0.0) 0 (0.0)

Symptoms (n, %)

Fever 76 (26.3) 19 (31.1) 49 (25.5) 8 (22.2)

Night sweat 40 (13.8) 17 (27.9) 21 (10.9) 2 (5.6)

Pain 74 (25.6) 21 (34.4) 32 (16.7) 21 (58.3)

Dysphagia 9 (3.1) 4 (6.6) 3 (1.6) 2 (5.6)

Weigh loss 38 (13.1) 19 (31.1) 17 (8.9) 2 (5.6)

LN sites (n, %)

Cervical LN 264 (91.3) 57 (93.4) 174 (90.6) 33 (91.7)

Axillary LN 23 (8.0) 4 (6.6) 16 (8.3) 3 (8.3)

Inguinal LN 2 (0.7) 0 (0.0) 2 (1.0) 0 (0.0)

Other sites involved of TB (n, %)

Pulmonary TB 122 (42.2) 26 (42.6) 90 (46.9) 6 (16.7)

Pleural TB 13 (4.5) 1 (1.6) 11 (5.7) 1 (2.8)

Specimen type (n, %)

CNB 191 (66.1) 48 (78.7) 117 (60.9) 26 (72.2)

Tissue 98 (33.9) 13 (21.3) 75 (39.1) 10 (27.8)

Pathological antacid staining (+) (n, %) 13 (4.5) 13 (21.3) 0 (0.0) 0 (0.0)

Abbreviations: LNTB, lymph node tuberculosis; HIV, human immunodeficiency virus; LN, lymph node; TB, tuberculosis; CNB, core needle biopsy.
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sensitivity, specificity, PPV, NPV, and AUC of the molecular tests were 73.1% (67.2–78.5%), 100.0% (90.3–100.0%),
100.0% (98.0–100.0%), 34.6% (25.6–44.6%), and 0.87 (0.82–0.90), respectively, while those same values for the parallel
test were 98.4% (96.0–99.6%), 97.2% (85.5–99.9%), 99.6% (97.8–100.0%), 89.7% (75.8–97.1%), and 0.98 (0.95–0.99),
respectively. Table 2 summarizes the results of these analyses.

When using tissue specimens for testing, the sensitivity, specificity, PPV, NPV, and AUC of the histological
examination were 96.6% (90.4–99.3%), 100.0% (69.2–100.0%), 100.0% (95.8–100.0%), 76.9% (46.2–95.0%), and
0.98 (0.93–1.00), respectively. On the other hand, the sensitivity, specificity, PPV, NPV, and AUC of the molecular
tests were 67.1% (56.2–76.7%), 100.0% (69.2–100.0%), 100.0% (93.9–100.0%), 25.6% (13.0–42.1%), and 0.84 (0.75–
0.90), respectively, while those same values for the parallel test were 96.6% (90.4–99.3%), 100.0% (69.2–100.0%),
100.0% (95.8–100.0%), 76.9% (46.2–95.0%), and 0.98 (0.93–1.00), respectively.

Finally, for the CNB specimens, the sensitivity, specificity, PPV, NPV, and AUC of the histological examination were
93.3% (88.4–96.6%), 96.2% (80.4–99.9%), 99.4% (96.5–100.0%), 69.4% (51.9–83.7%), and 0.95 (0.91–0.97), respec-
tively, while those same values for the molecular testing were 76.4% (69.1–82.6%), 100.0% (86.8–100.0%), 100.0%
(97.1–100.0%), 40.0% (28.0–52.9%), and 0.88 (0.83–0.92), respectively. When the parallel testing was examined on
CNB specimens, its sensitivity, specificity, PPV, NPV, and AUC were 99.4% (96.7–100.0%), 96.2% (80.4–99.9%),
99.4% (96.7–100.0%), 96.2% (80.4–99.9%), and 0.98 (0.95–0.99), respectively. These results were summarized in
Table 2.

Comparison of the Diagnostic Accuracy of Pathology, Molecular Tests, and the Parallel
Test
We compared the differences in the diagnostic efficacy when using different assays for the same type of specimen.
Overall, the diagnostic efficacy of pathology was significantly better than that of the molecular tests (P < 0.05; Table 3).
Parallel tests improved the diagnostic efficacy over single tests, and significantly improved the diagnostic efficacy over
the molecular tests (P < 0.05), but did not achieve statistically significant improvement for this same efficacy over
pathology (P > 0.05). For tissue specimens, the comparison results were consistent with those concluded for the overall
comparison: the diagnostic efficacies of pathology and of the parallel tests were significantly better than that of the
molecular tests (P < 0.05), while the diagnostic efficacies of pathology and of the parallel tests were consistent. For CNB
specimens, the accuracy of pathology was superior to that of the molecular tests, but the difference was not statistically
significant (P > 0.05). Moreover, no statistically significant difference was observed in the parallel testing being

Table 2 Accuracy of Pathology, Molecular Tests, and Parallel Test (Positive Result for Either of the Two Assays) for the Diagnosis of
Lymph Node Tuberculosis Against a Composite Reference Standard

Test Sample Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC

Pathology All 94.5 (90.9–96.9) 97.2 (85.5–99.9) 99.6 (97.7–100.0) 71.4 (56.7–83.4) 0.96 (0.93–0.98)

Tissue 96.6 (90.4–99.3) 100.0 (69.2–100.0) 100.0 (95.8–100.0) 76.9 (46.2–95.0) 0.98 (0.93–1.00)

CNB 93.3 (88.4–96.6) 96.2 (80.4–99.9) 99.4 (96.5–100.0) 69.4(51.9–83.7) 0.95 (0.91–0.97)

Molecular test All 73.1 (67.2–78.5) 100.0 (90.3–100.0) 100.0 (98.0–100.0) 34.6 (25.6–44.6) 0.87 (0.82–0.90)

Tissue 67.1 (56.2–76.7) 100.0 (69.2–100.0) 100.0 (93.9–100.0) 25.6 (13.0–42.1) 0.84 (0.75–0.90)

CNB 76.4 (69.1–82.6) 100.0 (86.8–100.0) 100.0 (97.1–100.0) 40.0 (28.0–52.9) 0.88 (0.83–0.92)

Parallel test All 98.4 (96.0–99.6) 97.2 (85.5–99.9) 99.6 (97.8–100.0) 89.7 (75.8–97.1) 0.98 (0.95–0.99)

Tissue 96.6 (90.4–99.3) 100.0 (69.2–100.0) 100.0 (95.8–100.0) 76.9 (46.2–95.0) 0.98 (0.93–1.00)

CNB 99.4 (96.7–100.0) 96.2 (80.4–99.9) 99.4 (96.7–100.0) 96.2 (80.4–99.9) 0.98 (0.95–0.99)

Abbreviations: PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve; CNB, core needle biopsy.
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Table 3 Comparison of the Diagnostic Efficiency Between Pathology, Molecular Tests, and Parallel Test for the Diagnosis of Lymph Node Tuberculosis

Sample Type Test Sensitivity (P-value) Specificity (P-value) PPV (P-value) NPV (P-value) AUC (P-value)

Overall Pathology vs Molecular test < 0.001 0.314 0.379 < 0.001 < 0.001

Pathology vs Parallel test 0.016 1.000 0.977 0.034 0.188

Molecular test vs Parallel test < 0.001 0.314 0.389 < 0.001 < 0.001

Tissue Pathology vs Molecular test < 0.001 1.000 1.000 0.001 < 0.001

Pathology vs Parallel test 1.000 1.000 1.000 1.000 1.000

Molecular test vs Parallel test < 0.001 1.000 1.000 0.001 < 0.001

CNB Pathology vs Molecular test < 0.001 0.313 0.366 0.005 0.053

Pathology vs Parallel test 0.003 1.000 0.965 0.009 0.199

Molecular test vs Parallel test < 0.001 0.313 0.381 < 0.001 0.003

Abbreviations: PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve; CNB, core needle biopsy.
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compared to pathology (P > 0.05), while when compared to the molecular testing, a statistical significance was indeed
observed (P < 0.05). All undertaken comparisons are summarized in Table 3.

We then further compared the diagnostic efficacy of the same test across the different types of specimens. The
diagnostic efficacy of pathology in tissue specimens was – as expected – superior to that in CNB specimens, whereas the
diagnostic efficacy of the molecular testing was – on the contrary – lower in tissue than in CNB specimens. However, the
difference in the diagnostic efficacy in tissue and CNB specimens was not significant for either the histological
examination or the molecular testing (P > 0.05; Table 4). When the pathological and the molecular testing were applied
in parallel, the diagnostic efficacy was consistent in both the tissue and the CNB specimens.

Discussion
Early and effective LNTB treatment is conducive to the prognosis of patients.22 In general, LN specimens are most likely
to be obtained by invasive procedures, while the way to achieve optimal diagnostic performance with minimal trauma
remains an issue to be explored. Early stage LNTB is mainly characterized by LN enlargement, and the options for
obtaining specimens at this time are either the performance of an LN puncture or of an LN biopsy.23 LN puncture can be
categorized into FNA and CNB based on the thickness of the puncture needle. FNA, CNB and tissue specimens (through
biopsy) can all be examined histologically, but FNA specimens contain way less tissue and can only be examined
cytopathologically in most cases,7,24 while CNB specimens contain more tissue and can be examined histopathologically
in the same way as tissue specimens.25 In terms of pathology, CNB and tissue specimens are more effective than FNA
specimens in establishing diagnoses, while their differences in terms of diagnostic usefulness (as assessed through
pathology) remain to be further clarified. The results of this study showed that the sensitivity, specificity, and AUC when
using tissue specimens for pathological testing were 96.6%, 100.0%, and 0.98, respectively; on the other hand, those
same values for the CNB specimens were 93.3%, 96.2%, and 0.95, respectively. Pathology had excellent efficacy in both
tissue and CNB specimens, with tissue specimens being superior but not significantly different than the CNB ones.
Moreover, recent studies have shown that pathology has the highest positive rate in LNTB, which is consistent with our
results.26 The amount of biopsy-deriving tissue specimens was sufficient enough to allow for the examination of the
entire LN structure, while the CNB specimens were – of course – smaller compared to biopsies and the chances the
puncture site not sampling the LN lesion was significant.

To date, molecular tests are widely used for the diagnosis of TB.14,27,28 The exploration of molecular tests in the
diagnosis of LNTB has not stopped either.27 In fact, many studies have shown good efficacy of the molecular tests in the
diagnosis of LNTB,29 and obtaining LN specimens for molecular tests is a very important step in obtaining micro-
biological evidence for the diagnosis of LNTB. However, molecular tests could present with different efficacy in
different types of specimens.18,30 Studies assessing differences in the validity of molecular tests by using CNB specimens
and tissue specimens are limited. This aspect was also evaluated in the present study, and the results have shown that the
sensitivity, specificity, and AUC of the molecular assays using tissue specimens are 67.1%, 100.0%, and 0.84,
respectively; while those same values for CNB specimens were 76.4%, 100.0%, and 0.88, respectively. The validity of
the molecular tests when using CNB specimens was higher than that of tests using tissue specimens, but still no
statistically significant differences were observed between them. These results may occur due to the fact that: (i) the

Table 4 Comparison of the Diagnostic Efficiency of Pathology, Molecular Tests, and Parallel Test Using Different Specimen Types for
the Diagnosis of Lymph Node Tuberculosis

Test Sensitivity
(P-value)

Specificity
(P-value)

PPV
(P-value)

NPV
(P-value)

AUC
(P-value)

Pathology (Tissue vs CNB) 0.280 0.529 0.458 0.609 0.188

Molecular test (Tissue vs CNB) 0.111 1.000 1.000 0.136 0.346

Parallel test (Tissue vs CNB) 0.089 0.529 0.472 0.062 0.843

Abbreviations: PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve; CNB, core needle biopsy.
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bacterial content of the tissue is very low, (ii) the distribution of the pathogens in tissue specimens is not relatively
uniform, and (iii) the processing of tissue specimens is more difficult. On the other hand, CNB specimens are much
easier to homogenize, and molecular tests are characterized by improved validity for CNB specimens. Previous studies
had also compared the efficacy of FNA specimens with those of tissue specimens for molecular testing, again suggesting
that the use of FNA specimens for molecular testing is more appropriate.6

We, herein, further examined the role of pathology when combined with molecular tests for the diagnosis of LNTB;
a role that has been explored in only a few other studies. The results of our study have shown that the sensitivity,
specificity, and AUC of the parallel testing using tissue specimens for the diagnosis of LNTB was 96.6%, 100.0%, and
0.98, respectively; and that those same values for the parallel testing using CNB specimens were 99.4%, 96.2%, and
0.98, respectively. Although the pathological validity of CNB specimens was lower than that of tissue specimens, the
CNB specimens’ molecular testing validity was higher than that of tissue specimens, while the validity of the two tests
combined can be equal to that of the tissue specimens. Although there was no significant benefit from the parallel testing
in tissue specimens, the molecular testing can provide microbiological evidence and information on rifampicin-
resistance,2,31 while in tissue specimens we have even managed to achieve an early identification of eight patients
with rifampicin-resistant TB; a diagnosis that would have not been possible with pathology.

The present study showed that the overall sensitivity, specificity, and AUC of the histological examination and the
molecular testing for LNTB was 94.5%, 97.2%, 0.96, and 73.1%, 100.0%, and 0.87, respectively. Overall, the
histopathological diagnosis of LNTB was efficient, while the molecular tests were moderately effective in diagnosing
LNTB. In tissue specimens, the validity of pathology was significantly better than that of the molecular testing, while in
CNB specimens, the diagnostic advantage of pathology did not reach any statistical significance. These results suggested
that pathology was still the most effective option in the diagnosis of LNTB, and that it was still necessary to obtain
histopathological findings from wherever possible, in the diagnosis of LNTB. Histopathological results are usually
available within 1 week; a longer process than that required for the molecular testing, but a more informative one. The
time lost while waiting for the histopathological results does not have a serious impact on the course of LNTB, as the
diagnosis of the latter will still be classified as “early” even a week after the biopsy.

The results of this study had very good reference value for the development of diagnostic strategies for LNTB. During
the early stage LNTB, when no LN specimens can be obtained by non-invasive methods, we would recommend the
performing of CNB first (as it would be less invasive) and the obtaining of specimens for simultaneous histopathological
and molecular testing. Our recommendation is based on our finding that the diagnostic efficacy of pathology combined
with molecular testing in CNB specimens seems to be consistent with that in tissue specimens, but CNB is less invasive,
less risky, and more acceptable to patients, which is beneficial to them. If there was no evidence of TB after the
assessment of the CNB specimen, LNTB should be considered highly unlikely as a diagnosis and an LN biopsy should
be recommended as the next step, with the aim of excluding other LN diseases.

Some shortcomings existed in this study. Firstly, the patient selection may have been biased due to limitations of
retrospective study design. Secondly, not all patients in this study had their specimens assessed by both molecular tests
and, as a result, the actual diagnostic efficacy might have been underestimated when combining the two molecular tests
in our analysis. Thirdly, this study used the CRS as the reference standard, which contains multiple indicators, and the
number of indicators evaluated might be different for each patient, which might also be a source of bias. Fourthly, the
positive rate of AFB smear and MTB culture in this study was low, and most of the patients were probable LNTB after
a comprehensive evaluation, and the number of non-LNTB patients was also low, which may be related to the fact that
we are a TB center in Zhejiang Province, where TB is clustered. Patients considered non-LNTB after initial evaluation in
other hospitals did not come to our center. This may also be a source of bias in patient selection. Finally, this study was
conducted in a high TB burden area, and therefore it may not be applicable to other areas.

Conclusions
Pathology had excellent diagnostic efficacy, while the molecular tests had moderate efficacy in providing a diagnosis for
LNTB. The validity of pathology combined with the molecular testing when using CNB specimens was similar to that of
tissue specimens for relevant assessment approaches. Parallel tests improved the validity of LNTB diagnosis, particularly
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for CNB specimens. For the LNTB diagnosis, CNB is less invasive, less risky, and more acceptable to patients.
Therefore, CNB specimens were preferred for the simultaneous undertaking of pathological examination and molecular
testing.
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