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Purpose: To evaluate the diagnostic accuracy of the CapitalBio Mycobacterium real-time polymerase chain reaction assay
(CapitalBio test) testing of core needle biopsy (CNB) specimens for tuberculous lymphadenitis (TBL) and to compare it with Xpert
MTB/RIF.

Methods: We retrospectively analyzed the medical data on patients with suspected peripheral TBL. The sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV), and area under the curve (AUC) of the CapitalBio test, Xpert MTB/
RIF, and parallel test (positive result for either of these two tests) were calculated to evaluate their diagnostic efficacy compared with
the final clinical diagnosis.

Results: The study included 114 patients. For diagnosing TBL using CNB samples, the sensitivity, specificity, PPV, NPV, and AUC
were 65.0%, 100.0%, 100.0%, 28.6%, and 0.83, respectively, for the CapitalBio test; 72.0%, 100.0%, 100.0%, 33.3%, and 0.86,
respectively, for Xpert MTB/RIF; and 82.0%, 100.0%, 100.0%, 43.8%, and 0.91, respectively, for the parallel test.

Conclusion: The accuracy of the CapitalBio test and Xpert MTB/RIF for diagnosing TBL using CNB specimens was moderate, while
the sensitivity and NPV of these two tests were relatively low. The diagnostic accuracy of the CapitalBio test was slightly lower than
that of Xpert MTB/RIF, but the difference between the two was not statistically significant. Parallel test might improve the diagnostic
accuracy but not substantially over a single test.

Keywords: CapitalBio test, Xpert, tuberculous lymphadenitis, core needle biopsy, diagnostic accuracy

Introduction

Human infection with Mycobacterium tuberculosis (Mtb) can lead to tuberculosis (TB), an ancient disease that is still a
major threat to human health.' Depending on the MTB infection site, TB is divided into two main categories: pulmonary
TB (PTB) and extrapulmonary TB (EPTB),” the latter of which includes TB of tissues and organs other than the lungs.
Tuberculous lymphadenitis (TBL) is one of the most common types of EPTB.?> TBL is one of the severe forms of TB,*
and delayed treatment can lead to significant lymph node enlargement and even pustule rupture, affecting the patient’s
appearance and social life, or worse, causing social isolation and seriously affecting their quality of life.” Early diagnosis
is a prerequisite for early treatment; however, the early diagnosis of TBL is still challenging.® Due to the confined nature
of lymph node sites, the acquisition of lymph node specimens generally requires unpleasant and invasive procedures,’
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with lymph node puncture being the most common procedure.® The procedure is less invasive, is highly acceptable to
patients, and can be divided into fine needle aspiration (FNA) and core needle biopsy (CNB).” The accuracy of FNA for
diagnosing TBL is low due to the small amount of specimen obtained.'® More specimens can be obtained by CNB than
FNA, which is more favorable for the diagnosis of TBL.” The CNB is currently used more often in clinical practice. The
diagnostic accuracy of acid-fast bacilli (AFB) smear testing using CNB specimens is still low, and culture does not meet
the need for early and rapid diagnosis for its time-consuming nature.!' Culture of AFB and CNB specimens still has
limitations for early TBL diagnosis.

The rapid development of molecular tests has enabled the early and rapid diagnosis of infectious diseases, including
TB. The Xpert MTB/RIF (Xpert, Cepheid, Sunnyvale, CA, USA) has greatly contributed to the early and rapid diagnosis
of TB and has been recommended by the World Health Organization for diagnosing TBL.'*'? Other molecular tests have
emerged, including the CapitalBio Mycobacterium real-time polymerase chain reaction test (CapitalBio test, CapitalBio
Technology Inc., Beijing, China), which can detect both TB and nontuberculous mycobacterial infections.'* In PTB and
EPTB, the CapitalBio test exhibited similar diagnostic accuracy to Xpert MTB/RIF.'>'® However, the diagnostic
accuracy of the CapitalBio test using CNB specimens in TBL is still unknown and requires further investigation. To
this end, we conducted a study to evaluate the diagnostic accuracy of the CapitalBio test using CNB specimens for TBL
and to compare it with Xpert MTB/RIF to provide clinicians with more information for decision-making.

Materials and Methods
Study Design

We conducted a retrospective study at the Tuberculosis Diagnosis and Treatment Center of Zhejiang Province, China.

Participants
Patients with suspected peripheral TBL were hospitalized in our center between January 2018 and December 2020. We
retrospectively analyzed the medical data of these patients.

Inclusion and Exclusion Criteria

An enlarged peripheral lymph node with TB symptoms such as low-grade fever, night sweats, positive TB-related
immunological tests (gamma interferon release test and tuberculin purified protein derivative test), and the presence of
other TB sites were considered to be suspected TBL. The study included patients who underwent ultrasound-guided CNB
and had a concurrent Mycobacterium culture, CapitalBio test, and Xpert MTB/RIF test using CNB specimens. Patients
who did not undergo ultrasound-guided CNB did not perform relevant tests or had incomplete data, and inconclusive test
results were excluded.

Reference Standard

The final clinical diagnosis was considered as the reference standard for this study, according to this reference standard,'”
including clinical symptoms, radiological examinations, laboratory tests, pathology findings, and follow-up findings, the
patients were categorized into the following three groups: 1) confirmed TBL. MTB was detected in the CNB specimens
by Mycobacterium culture; 2) probable TBL. TB-related clinical symptoms, radiological examinations, positive pathol-
ogy findings and immunological tests, and satisfactory results of anti-TB therapy, which were indicative of TBL; and 3)
non-TBL. Negative bacteriological evidence, ineffective anti-TB therapy, definite infection with other pathogens, and
effective corresponding therapy. Confirmed and probable TBL were ultimately diagnosed clinically as TBL.

Ethics Approval and Consent to Participate

All patients or their guardians signed written consent forms. The present study complied with the Declaration of Helsinki
and was approved by The Human Research Ethics Committee of the Affiliated Hangzhou Chest Hospital Zhejiang
University School of Medicine.
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Test Methods

Mycobacterium Culture
Solid (Lowenstein—Jensen medium) and/or liquid (BACTEC MGIT 960 Mycobacteria Culture System [BD Diagnostic
Systems, Sparks, MD]) medium were used for the Mycobacterium culture using fresh CNB specimen, which was

conducted according to the manufacturer’s instructions.

CapitalBio Test

Buffer was added to the fresh CNB specimen, and a homogeneous 1-mL suspension was obtained by grinding the
specimen. To prepare the liquefied specimen, a 2:1 ratio was achieved by adding 1 mL of the specimen to 2 mL of the
specimen preparation solution. We then centrifuged 1 mL of the liquefied specimen to obtain a sediment, which then
underwent nucleic acid extraction. The extracted nucleic acids were then employed in the next step of the assay,
according to the manufacturer’s instructions. The MTB IS6110 targeted gene was amplified and detected using a
fluorescence quantification real-time polymerase chain reaction instrument (SLAN-96S Real-Time PCR System
ZEESAN Xiamen CN), obtaining the results within 3 hours.'® The MTB detection limit of this test was 5000 colony-
forming units (CFU)/mL."®

Xpert MTB/RIF

After grinding the CNB specimen, a volume of sample reagent twice that of the CNB specimen was added to the crushed
CNB. The resulting mixture was stirred for 20s and then incubated for 15 min at room temperature. A 2-mL aliquot of
the incubated mixture was added to the first-generation Xpert MTB/RIF reaction cartridge and placed into the reaction
module for automated detection, with the instrument automatically reporting the results within 2 hours.'® The detection
limit of Xpert MTB/RIF was 131 CFU/mL.'®

Data Processing and Statistical Analysis

Microsoft Excel 2019 was employed to manage the clinical data. Using SPSS 24.0 (IBM Corp., Armonk, NY), we
calculated the four values of the cross-tabulation: true positive, false positive, false negative, and true negative. We
calculated the sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and area under
the curve (AUC) with 95% confidence interval (CI) of the CapitalBio test and Xpert MTB/RIF based on the true positive,
false positive, false negative, and true negative values using MedCalc Statistical v15.2.2 (MedCalc Software bvba,

Ostend, Belgium; http://www.medcalc.org). The final clinical diagnosis was considered as the diagnostic reference

standard to evaluate the diagnostic efficacy of the relevant assays. A positive parallel test result meant a positive test
for either the CapitalBio test or Xpert MTB/RIF, and a negative parallel test result meant that both the CapitalBio test and
Xpert MTB/RIF results were negative. We used McNemar’s test to compare the differences between the paired data, the
chi-squared test or Fisher’s exact test to compare the differences between proportions, and Z test to compare the
differences between AUCs. We used the jvenn interactive tool (http://jvenn.toulouse.inra.fr/app/index.html) to generate

a Venn diagram.”° Statistical P-values <0.05 suggested that the differences are statistically significant.

Results

After screening the clinical data, 25 patients were excluded due to incomplete data, and 114 patients were ultimately
included based on the inclusion criteria (Figure 1). The included patients’ mean age was 38.4 years, 50 were male, and 64
were female. All included patients underwent ultrasound-guided CNBs and contributed 1 CNB specimen per patient for a
total of 114 CNB specimens. All patients underwent MTB culture, 26 of which were culture positive. All patients had
definitive results for CapitalBio test and Xpert MTB/RIF. There were no inconclusive results. The patients’ clinical
characteristics are summarized in Table 1. The final clinical diagnosis was TBL for 100 patients and non-TBL for 14
patients (Figure 1). The distribution and overlap of the positive findings resulting from the MTB culture, CapitalBio test,
and Xpert MTB/RIF are shown in Figure 2.
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Figure | Participant screening flow diagram.

Diagnostic Accuracy of CapitalBio Test, Xpert MTB/RIF, and Parallel Test

Of the 100 patients clinically diagnosed with TBL, 65, 72, and 82 had positive CapitalBio test, Xpert MTB/RIF, and
parallel test, respectively. In the patients without TBL, there was no positive result for the relevant test. The sensitivity,
specificity, PPV, NPV, and AUC in diagnosing TBL using CNB samples were 65.0% (54.8-74.3%), 100.0% (76.8—
100.0%), 100.0% (94.5-100.0%), 28.6% (16.6—43.3%), and 0.83 (0.74—0.89), respectively, for the CapitalBio test; 72.0%
(62.1-80.5%), 100.0% (76.8-100.0%), 100.0% (95.0-100.0%), 33.3% (19.6-49.6%), and 0.86 (0.78—0.92), respectively,

Table | Clinical Characteristics of the Included Patients

Characteristics All (n=114) TBL (n = 100) Non-TBL (n = 14)
Age (year, mean + SD) 384+ 19.0 40.0 + 189 341 £218
Male (n, %) 50 (43.9) 45 (45.0) 5357
HIV positive (n, %) 0 (0.0 0 (0.0 0 (0.0
Lymph node sites (n, %)

Cervical lymph node 100 (87.7) 93 (93.0) 12 (85.7)

Axillary lymph node 9(7.9) 7 (7.0) 2 (14.3)

Inguinal lymph node 544 5 (5.0) 0 (0.0
Other sites involved of TB (n, %)

Pulmonary TB 44 (38.6) 44 (44.0) 0 (0.0)

Pleural TB 7 (6.1) 7 (7.0 0 (0.0

Meningeal TB 2(1.8) 2 (2.0 0 (0.0

Abbreviations: TBL, tuberculous lymphadenitis; HIV, human immunodeficiency virus; TB, tuberculosis.
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Figure 2 Venn diagram of positive tests for core needle biopsy specimens.

for Xpert MTB/RIF; and 82.0% (73.1-89.0%), 100.0% (76.8-100.0%), 100.0% (95.6-100.0%), 43.8% (26.4-62.3%),
and 0.91 (0.84-0.96), respectively, for the parallel test (Table 2). The ROC curves of CapitalBio test, Xpert MTB/RIF,
and parallel test are shown in Figure 3.

Comparison of the Diagnostic Accuracy of the CapitalBio Test, Xpert MTB/RIF, and

Parallel Test

The overall diagnostic accuracy of the CapitalBio test and Xpert MTB/RIF using CNB specimens was higher for Xpert
MTB/RIF than for the CapitalBio test, but the difference between the two was not statistically significant (P > 0.05)
(Table 3). The parallel test can achieve higher diagnostic accuracy than the individual tests, but there was no statistically
significant improvement in overall diagnostic accuracy compared with the individual tests (either the CapitalBio test or
Xpert MTB/RIF; P > 0.05) (Table 3). The result of the two-by-two comparison of these tests is presented in Table 3.

Discussion
Effective TBL treatment and improved patient prognoses depend on early and rapid diagnosis. Lymph node puncture is
less invasive than lymph node biopsy, produces no incisional scars, and is more acceptable to patients, especially
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Table 2 Accuracy of Xpert MTB/RIF, CapitalBio Test, and Parallel Test for Tuberculous Lymphadenitis Using Core Needle Biopsy Sample

Test

TBL Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC
Positive Negative

CapitalBio test Positive 65 0 65.0 (54.8-74.3) 100.0 (76.8-100.0) | 100.0 (94.5-100.0) | 28.6 (16.6—43.3) | 0.83 (0.74-0.89)
Negative 35 14

Xpert MTB/RIF Positive 72 0 72.0 (62.1-80.5) 100.0 (76.8-100.0) | 100.0 (95.0-100.0) | 33.3 (19.649.6) | 0.86 (0.78-0.92)
Negative 28 14

Parallel test Positive 82 0 82.0 (73.1-89.0) 100.0 (76.8-100.0) | 100.0 (95.6—100.0) | 43.8 (26.4-62.3) | 0.91 (0.84-0.96)
Negative 18 14

Abbreviations: TBL, tuberculous lymphadenitis; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve.
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Figure 3 The ROC curves of CapitalBio test, Xpert MTB/RIF, and parallel test.

women.?! In clinical practice, lymph node puncture is therefore a routine procedure for obtaining specimens in cases of
early lymph node enlargement. Ultrasound-guided CNB has played an increasing role in the etiological diagnosis of
lymph node enlargement by obtaining more complete tissue specimens of the lesion than FNA.** CNB can effectively
identify lymph node neoplasms and non-neoplastic lesions.”> CNB is also the most common method for obtaining lymph
node specimens in the diagnosis of TBL.** Previous studies have shown that the accuracy of TBL diagnosis using CNB
specimens and biopsy specimens is similar and that CNB specimens can be used instead of biopsy specimens for
diagnosing TBL, which minimizes patient injury and provides patient cooperation and satisfaction.'' CNB specimens are
still poorer than biopsy tissue specimens in terms of pathological diagnoses because their volume is still small."'
Therefore, CNB specimens are still not the first choice for diseases (such as lymphoma) that rely mainly on pathological
diagnosis, and lymph node biopsy is still required.”® For diagnosing TB, pathology can provide supporting diagnostic
information, but microbiological evidence is still crucial.

Classical microbiological evidence usually includes AFB smear and MTB culture. However, the positive rate of AFB
smear and MTB culture is on the low side for EPTB, which is generally less bacterial in nature. The positive rate of MTB
culture in TBL in this study was 26% (26/100), which was unsatisfactory and was related to the possible low MTB load
in early TBL. On the other hand, MTB culture takes several weeks to show results and is not suitable for the early
diagnosis of TBL.

The limitations of classical microbiological assays that do not meet the needs of TB diagnoses have stimulated the
development of new TB microbiological assays. With the understanding of the molecular level of MTB, the detection of

MTB at this level has seen major developments. Various molecular tests have been increasingly employed in TB and

Table 3 Comparison of the Diagnostic Accuracy Between Xpert MTB/RIF, the CapitalBio Test, and Parallel Test for Tuberculous
Lymphadenitis Using Core Needle Biopsy Sample

Test Sensitivity (P-value) | Specificity (P-value) PPV (P-value) NPV (P-value) AUC (P-value)
Xpert vs CapitalBio test 0.287 1.000 1.000 0.624 0510
Xpert vs Parallel test 0.093 1.000 1.000 0.360 0.258
CapitalBio test vs Parallel test 0.006 1.000 1.000 0.160 0.078

Abbreviations: PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve.
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have achieved good diagnostic accuracy.® Molecular tests are also gaining ground in TBL because of their rapid MTB
discovery ability.>” The results of previous meta-analyses suggest that the diagnostic accuracy of molecular tests in FNA
specimens might be superior to that of biopsy tissue specimens.” In CNB specimens, the same results were observed, ie,
the diagnostic efficacy of molecular tests was superior in CNB specimens than in biopsy tissue specimens.'' These
results suggest that lymph node puncture specimens might be more suitable for molecular testing, possibly related to the
fact that puncture specimens are easier to homogenize, whereas biopsy tissue specimens are more difficult to handle and
have lower MTB loads within solid tissue specimens.” Molecular testing using CNB specimens is widely used in
diagnosing TBL, but the difference in diagnostic accuracy of the various types of molecular tests in CNB specimens has
not been effectively evaluated, which was the purpose of this study.

In the present study, the CapitalBio test had lower sensitivity (65.0% vs 72.0%), NPV (28.6% vs 33.3%), and AUC
(0.83 vs 0.86) than Xpert MTB/RIF. Xpert MTB/RIF detected 7 more patients with TBL than the CapitalBio test, which
might be related to the fact that Xpert MTB/RIF is a fully automated test requiring no nucleic acid extraction, while the
CapitalBio test requires the manual extraction of nucleic acid, which might induce inter-operator differences and increase
the risk of contamination. The two tests also had different detection limits (131 CFU/mL for Xpert MTB/RIF and 5000
CFU/mL for CapitalBio test). The sensitivity and NPV of CapitalBio test, Xpert MTB/RIF using CNB specimens to
diagnose TBL were low, while the specificity and PPV were very high, both at 100%. These results suggested that
CapitalBio test and Xpert MTB/RIF were more prone to false negatives and that negative results needed to be treated
with more caution and that repeat testing or combined testing might be beneficial. Positive results were likely to be more
reliable because positive results require higher MTB levels, while low MTB levels can lead to negative results. Although
the diagnostic accuracy of the CapitalBio test in diagnosing TBL is slightly lower than that of Xpert MTB/RIF, the
difference between the two in clinical practice is not statistically significant, and it can be concluded that the diagnostic
accuracy of these two molecular tests using CNB specimens is similar for TBL.

The diagnostic efficacy of the combination of multiple molecular tests has also not been effectively evaluated. In this
study, we further evaluated the diagnostic accuracy of parallel test for TBL and compared it with different single tests to
clarify the advantages of parallel test. The sensitivity, specificity, PPV, NPV, and AUC of parallel test were 82.0%,
100.0%, 100.0%, 43.8%, and 0.91, respectively. The sensitivity and NPV of parallel test were improved to varying
degrees, suggesting that parallel test can be beneficial for patients with negative results of a single test by reducing false-
negative results. The reason for this result is that each single test is different from each other and there are more or less
differences, which makes the results of different single tests for the same specimen may vary; some specimens may be
negative for CapitalBio test but positive for Xpert MTB/RIF and vice versa; for this part of the patients, the parallel test
is positive, which leads to a better detection rate of parallel test. The diagnostic accuracy of parallel test was superior to
that of a single test, but the advantage of parallel test over single tests did not reach statistical significance. This may be
related to the limited number of patients included in this study, and studies with larger sample sizes are needed to further
validate the accuracy of parallel test. Although the accuracy of parallel test was not significantly better than that of single
tests, if conditions permit, parallel test was still meaningful to identify more patients with TBL; hence, these TBL

patients could be treated early and improve their prognosis.

Limitations

The present study had several limitations. First, this retrospective study might have incurred a selection bias during
patient inclusion. Second, this study used the final clinical diagnosis as the reference standard, which includes multiple
factors, and not every patient was evaluated for the relevant factors, which might also have created bias. Third, the small
number of patients without TBL included in this study might be related to the fact that our center is a TB diagnostic
center, where TB is clustered and non-TB is relatively rare, which might be another source of patient selection bias.
Lastly, the results of this study might only be applicable to endemic TB areas and might not be very informative for areas
without endemic TB.
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Conclusions

The accuracy of the CapitalBio test and Xpert MTB/RIF for diagnosing TBL using CNB specimens was moderate, while
the sensitivity and NPV of these two tests was relatively low. The diagnostic accuracy of the CapitalBio test was slightly
lower than that of Xpert MTB/RIF, but the difference was not statistically significant and can be considered similar for
diagnosing TBL. Parallel testing might improve the diagnostic accuracy but not substantially over a single test.
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of Helsinki.
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