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Purpose: To assess the accuracy of the Mycobacterium tuberculosis (MTB)-RNA assay using pericardial tissue specimens for
tuberculous pericarditis (TBP) diagnosis.

Methods: MTB culture and MTB-RNA assay were performed for patients with suspected TBP. The sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV), and area under the curve (AUC) of these two assays were analyzed.
Results: This study included 79 patients. The sensitivity, specificity, PPV, NPV, and AUC were 28.1% (18/64), 100.0% (15/15),
100.0% (18/18), 24.6% (15/61), and 0.64 for the MTB culture and 37.5% (24/64), 100.0% (15/15), 100.0% (24/24), 27.3% (15/55),
and 0.69 for the MTB-RNA assay, respectively. Patients with positive pericardial tissue culture were defined as having definite TBP; in
other words, culture was the gold standard for this group of patients and had a sensitivity, specificity, PPV, and NPV of 100% and an
AUC of 1.00. However, these values were found to be 72.2% (13/18), 100.0% (15/15), 100.0% (13/13), 75.0% (15/20), and 0.86 for
the MTB-RNA assay, respectively. Among patients with probable TBP (culture-negative patients), the sensitivity, specificity, NPV, and
AUC of MTB culture were 0.0% (0/46), 100.0% (15/15), 24.6% (15/61), and 0.50, respectively, but the PPV could not be determined.
These values were found to be 23.9% (11/46), 100.0% (15/15), 100.0% (11/11), 30.0% (15/50), and 0.62 for the MTB-RNA assay,
respectively.

Conclusion: MTB-RNA assay using pericardial tissues had limited diagnostic efficacy for TBP. In culture-positive TBP, the
diagnostic accuracy of MTB-RNA was good. In contrast, in culture-negative TBP, its diagnostic accuracy was unsatisfactory.
Keywords: tuberculous pericarditis, RNA, culture, polymerase chain reaction, accuracy

Introduction

Tuberculosis (TB), caused by Mycobacterium tuberculosis (MTB) infection, including pulmonary TB (PTB) and
extrapulmonary TB (EPTB), is an ancient infectious disease that continues to pose a serious threat to human health
even today.! Tuberculous pericarditis (TBP) is a severe form of EPTB.? Although TBP is uncommon, it can lead
to serious complications, such as pericardial tamponade, pericardial constriction, and even death.’* Approximately
17-40% of patients with TBP die within 6 months of diagnosis.>*® TBP is the leading cause of pericardial disease
in areas with a high TB burden, particularly where human immunodeficiency virus (HIV) infection is prevalent.”®

However, adverse events can be reduced with effective treatment, which is dependent on accurate diagnosis, which
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is still quite difficult in TBP.? In early pericarditis with massive pericardial effusion, pericardial puncture can be
performed to obtain a pericardial fluid specimen for adenosine deaminase (ADA) and other related tests.'”
However, positive ADA test is not microbiological evidence, and septic infection or tumor can cause ADA levels
to rise in the fluid, thereby leading to a misdiagnosis."' When pericardial fluid is minimal or absent, it is difficult
to identify the nature of the pericardial effusion, which makes the diagnosis more difficult. Even if pericardial fluid
is obtained, conventional acid-fast bacilli (AFB) smear and culture of the fluid have limited diagnostic accuracy.'?

Nucleic acid amplification tests (NAATs) are a mainstay in the diagnosis of infectious disecases, greatly
improving the rate and shortening the time required for the establishment of infectious disease etiology, including
TB."*'* NAATs are also useful in TBP as they improve its diagnostic rate.'> Current NAATs are primarily tested
using pericardial fluid, with few studies using pericardial tissue for testing.'>'® MTB-RNA assay is a TB detection
test based on RNA detection developed by Shanghai Rendu Biotechnology Co.'” The test is widely used in China
and has shown relatively satisfactory diagnostic results for PTB.'® The current applications in TBP diagnosis are
all related to NAATs based on MTB-DNA detection, whereas NAATs based on RNA detection have not been
reported in relevant studies. The diagnostic efficacy of MTB-RNA-based tests in TBP is unknown. Hence, this
study aimed to assess the accuracy of the MTB-RNA assay using pericardial tissue specimens for TBP diagnosis.

Materials and Methods

Study Design

This retrospective study was conducted to evaluate the clinical application of the MTB-RNA assay using pericardial
tissue for TBP diagnosis at the Zhejiang Province TB diagnosis and treatment center, a regional TB center in the
Affiliated Hangzhou Chest Hospital, Zhejiang University School of Medicine. From June 2019 to August 2022,
inpatients who underwent pericardial dissection or pericardial biopsy to obtain pericardial tissue specimens were
screened for suspected TBP, and MTB-RNA assay and culture were performed on the tissue specimens. Patients
with hypothermia, night sweating, or other TB-related symptoms; pericardial effusion, pericardial thickening, or
pericardial calcification; and positive TB-related immunological tests (such as TSPOT.TB) combined with PTB or
other sites of TB were considered to have suspected TBP. Thoracoscopic pericardial biopsy was performed when the
patient had pericardial effusion without pericardial constriction. We performed a pericardial biopsy by video-
assisted thoracic surgery in the right lateral position, entered the thoracic cavity through the fifth intercostal space
on the left side, lifted the apical pericardium and removed the apical part of the pericardium after making a small
incision with scissors. Pericardial dissection was performed to obtain pericardial tissue when constrictive pericardi-
tis developed. All patients or their guardians provided written informed consent to perform the relevant surgical
procedure. Patients whose pericardial tissues were not obtained or tested or who were lost to follow-up were
excluded.

The final clinical diagnosis was used as the gold standard for TBP diagnosis according to the guidelines of the European
Society of Cardiology (ESC).'*° A definite TBP was considered based on the presence of MTB in the pericardium using
MTB culture. However, a probable TBP was considered when there were TB-related symptoms, pericardial calcification,
a positive TB immunoassay, pericardial pathology suggesting granulomatous inflammation and caseous necrosis, positive
molecular tests (such as Xpert MTB/RIF) on the pericardial tissue, and effective anti-TB treatment in areas with a high TB
burden. A non-TBP was considered when there were no signs of MTB infection or definite pericardial diseases and no
response to anti-TB therapy. Definite and probable TBP was considered the final clinical diagnosis of TBP.

All patients or their guardians provided written informed consent. The study protocol was approved by the Human
Research Ethics Committee of the Affiliated Hangzhou Chest Hospital, Zhejiang University School of Medicine, and
adhered to the Helsinki Declaration.

MTB Culture

MTB culture was performed on fresh pericardial tissues using solid and/or liquid culture methods. Tissue specimens were
cut and ground, pretreated with N-acetyl-L-cysteine-sodium hydroxide (NaOH), 0.1 mL of the treated supernatant was
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taken and inoculated onto the medium, and then incubated in a thermostat at 37°C. Both solid and liquid cultures were
used according to the manufacturer’s instructions.

MTB-RNA Assay

Fresh pericardial tissues were pretreated in the same way as cultured tissues. The decontaminated specimens were
centrifuged at 13,000 xg for 5 minutes, with the supernatant discarded and the sediment retained. The sediment was then
mixed with 50 pL of the diluent and placed in an ultrasonic bath (Shanghai Shenyang Ultrasonic Machine, China) for 15
minutes. The treated mixture was centrifuged to obtain the supernatant, 2 pL of which was mixed with 30 pL of the
reaction solution to obtain the mixed solution. It was then placed into a polymerase chain reaction (PCR) tube and
incubated at 60°C for 10 minutes, followed by 42°C for 5 minutes. The incubated solution was then treated with 2000
units of T7 RNA polymerase (RD Bioscience, Inc., San Diego, CA, USA) and 2000 units of Moloney mouse leukemia
virus reverse transcriptase. The final mixture was used for 16S rRNA amplification and analyzed using fluorescence
quantitative real-time PCR (SLAN-96S real-time PCR system, Xiamen Zeshan Biotechnology Co., Ltd., Xiamen, China).

Finally, the results were analyzed according to the product information manual.?!

Data Processing and Statistical Analysis

The relevant data were recorded in Microsoft Excel 2019, and the mean, standard deviations, and proportions were
calculated. The true positive (TP), false positive (FP), false negative (FN), and true negative (TN) values in the
diagnostic four-compartment table were calculated using the Statistical Package for the Social Sciences, version 24.0
(IBM Corp., Armonk, NY, USA). The sensitivity, specificity, positive predictive value (PPV), negative predictive value
(NPV), and area under the curve (AUC) with 95% confidence intervals (Cls) were calculated from the TP, FP, FN, and
TN values for MTB-RNA assay and MTB culture using the MedCalc Statistical software, version 15.2.2 (MedCalc
Software Bvba, Ostend, Belgium; http://www.medcalc.org). The final clinical diagnosis was the gold standard for TBP

diagnosis. McNemar’s test was used to compare the differences between paired data, the chi-square test or Fisher’s exact
test was used to compare the differences between proportions, and the Z-test was used to compare the differences
between AUCs. A Venn diagram was created using an online interactive tool (http://www.bioinformatics.com.cn/static/

others/jvenn/example.html). P-values of <0.05 were considered statistically significant.

Results

The electronic medical records of 90 patients who had undergone the relevant procedures to obtain the pericardial tissues
were initially screened, and 11 patients whose pericardial tissues were not tested were excluded, leaving 79 patients in the
study. Because none of the patients underwent secondary surgery, 79 pericardial tissue specimens were included. There
were 50 (63.3%) men and 29 (36.7%) women in the study, ranging in age from 16 to 83 years, with a mean age of 58.8 +
14.8 years. Only six (7.6%) patients had a positive AFB smear of pericardial tissues. There were no HIV-infected patients
in the study. Twenty (25.3%) patients had concurrent PTB, and 11 (13.9%) had concurrent TB pleurisy.

Figure 1 depicts the patient screening process as well as the final diagnostic classification. Based on the final clinical
diagnosis, the number of patients with definite TBP, probable TBP, and non-TBP was found to be 18 (22.8%), 46
(58.2%), and 15 (19.0%), respectively. The distribution and overlap of MTB-RNA- and culture-positive results are
shown in Figure 2, with 13 (16.5%) specimens being positive for MTB-RNA assay and culture, 5 (6.3%) positive for
culture only, and 11 (13.9%) positive for MTB-RNA assay only.

Diagnostic Accuracy of MTB Culture and MTB-RNA Assay

For all patients, the sensitivity, specificity, PPV, NPV, and AUC of the MTB culture were found to be 28.1% (18/64; 95%
CI: 17.6-40.8%), 100.0% (15/15; 78.2—-100.0%), 100.0% (18/18; 81.5-100.0%), 24.6% (15/61; 14.5-35.5%), and 0.64
(0.52%—0.75), respectively. The sensitivity, specificity, PPV, NPV, and AUC of the MTB-RNA assay were found to be
37.5% (24/64; 25.7-50.5%), 100.0% (15/15; 78.2-100.0%), 100.0% (24/24; 85.8-100.0%), 27.3% (15/55; 16.1-41.0%),
and 0.69 (0.57-0.79), respectively. The receiver operating characteristic curve is presented in Figure 3A. In all patients,
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Suspected tuberculous pericarditis patients with pericardial tissue obtained

n=90
Excluded with incomplete data
n=11
Included for analysis
n=79
MTB-RNA positive MTB-RNA negative
n=24 n =55
Culture positive Culture positive
n=13 n=>5
Definite tuberculous pericarditis, n = 13 Definite tuberculous pericarditis, n =5
Probable tuberculous pericarditis , n=11 Probable tuberculous pericarditis , n= 35
Non- tuberculous pericarditis, n = 0 Non- tuberculous pericarditis, n = 15

Figure | Patient screening process and the final diagnostic classification.

the accuracies of MTB culture and MTB-RNA assay for TBP diagnosis did not differ statistically (P > 0.05). The results
are shown in Table 1.

In this study, patients with positive pericardial tissue culture were defined as having definite TBP; in other words, the
MTB culture was the gold standard for this group of patients. Therefore, the culture had a sensitivity, specificity, PPV,
and NPV of 100% and an AUC of 1.00. Accordingly, these values were found to be 72.2% (13/18; 46.5-90.3%), 100.0%
(15/15; 78.2-100.0%), 100.0% (13/13; 75.3-100.0%), 75.0% (15/20; 50.9-91.3%), and 0.86 (0.70-0.96) for the MTB-
RNA assay, respectively. The receiver operating characteristic curve for definite TBP is presented in Figure 3B. The
accuracies of the MTB culture and MTB-RNA assay for definite TBP diagnosis differed statistically (P < 0.05; Table 1).

Among patients with probable TBP (culture-negative patients), the sensitivity, specificity, NPV, and AUC of culture
were 0.0% (0/46; 0.0-7.6%), 100.0% (15/15; 78.2-100.0%), 24.6% (15/61; 14.5-37.3%), and 0.50 (0.37%—0.63),
respectively, but the PPV could not be determined. Furthermore, these values were found to be 23.9% (11/46; 12.6—
38.8%), 100.0% (15/15; 78.2-100.0%), 100.0% (11/11; 71.5-100.0%), 30.0% (15/50; 17.9-44.6%), and 0.62 (0.49-0.74)
for the MTB-RNA assay, respectively. The receiver operating characteristic curve for probable TBP is presented in
Figure 3C. The accuracies of the MTB culture and MTB-RNA assay for probable TBP diagnosis did not differ
statistically (P > 0.05; Table 1).

Discussion

Because of the severity of TBP and the high incidence of adverse outcomes, clinicians have been working to improve the
treatment and prognosis.”> The majority of cases with poor prognoses are due to delayed diagnosis, and effectively
diagnosing TBP is the clinical focus.>>** The diagnosis of patients without pericardial effusion is more difficult than that
of patients with adequate pericardial effusion and usually necessitates invasive procedures to obtain specimens.'® The
microbiological diagnosis remains the most critical aspect of TBP diagnosis, with the AFB smear and MTB culture still
being the most classical microbiological tests for TB diagnosis.'®** Although they have their own advantages, the
disadvantages cannot be ignored. The AFB smear plays a limited role in EPTB diagnosis.?® In the present study, only six
pericardial tissue specimens were positive for the AFB smear, which indicates the minor role of the AFB smear in TBP
diagnosis. This finding is consistent with previous studies that used either pericardial effusion or pericardial tissue
testing.'>*> A study using pericardial effusion to diagnose TBP found that AFB smear were negative in all 40 pericardial
effusion specimens.>> Another study using pericardial tissues observed that AFB smear were positive in only 4 of
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Figure 2 Venn diagram of MTB-RNA and culture-positive results in the included patients with tuberculous pericarditis.
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Figure 3 The receiver operating characteristic curves for different diagnostic classifications, (A) all tuberculous pericarditis, (B) definite tuberculous pericarditis, (C)
probable tuberculous pericarditis.
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Table | Diagnostic Accuracy of MTB-RNA and MTB Culture for Tuberculous Pericarditis

Patient Group TBP | Non- Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC
TBP

Total TBP

Culture + | 18 0 28.1 (17.6-40.8) 100.0 (78.2-100.0) | 100.0 (81.5-100.0) | 24.6 (14.5-35.5) 0.64 (0.52-0.75)
- | 46 15

MTB-RNA + | 24 0 37.5 (25.7-50.5) 100.0 (78.2-100.0) | 100.0 (85.8-100.0) | 27.3 (16.1-41.0) 0.69 (0.57-0.79)*
- | 40 15

Definite TBP

Culture + | 18 0 100.0 (81.5-100.0) | 100.0 (78.2-100.0) | 100.0 (81.5-100.0) | 100.0 (76.8-100.0) | 1.00 (0.89-1.00)
- |0 15

MTB-RNA + 113 0 72.2 (46.5-90.3) 100.0 (78.2-100.0) | 100.0 (75.3-100.0) | 75.0 (50.9-91.3) 0.86 (0.70-0.96)°
- |5 15

Probable TBP

Culture + 10 0 0.0 (0.0-7.6) 100.0 (78.2-100.0) | ND 24.6 (14.5-37.3) 0.50 (0.37-0.63)
- | 46 15

MTB-RNA + [ 1 0 23.9 (12.6-38.8) 100.0 (78.2-100.0) | 100.0 (71.5-100.0) | 30.0 (17.9-44.6) 0.62 (0.49-0.74)°
- | 35 15

Notes: Comparison of the diagnostic accuracy of MTB-RNA and culture, 2P = 0.593, bp = 0.043, and P = 0.319.
Abbreviations: TBP, tuberculous pericarditis; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve; MTB,
Mycobacterium tuberculosis; ND, not determined.

69 pericardial tissues.'® These findings suggested that the role of AFB smear in TBP diagnosis is limited. Hence, in this
study, we did not compare its results with molecular assay results.

MTB culture is essential for TB diagnosis and must be performed for all patients with suspected TB.?” In this study,
18 tissue specimens were positive for MTB culture, and its sensitivity, specificity, PPV, NPV, and AUC for all TBP
diagnosis were 28.1%, 100.0%, 100.0%, 24.6%, and 0.64, respectively. Notably, the sensitivity of MTB culture using
pericardial tissue was unsatisfactory, which may be due to the nature of the tissue specimen. The tissue is difficult to
purify adequately, and the MTB load in the dense connective tissue may be very low.'® Studies using tissue specimens for
diagnostic purposes are limited, and our findings are consistent with those of previous studies.'®!'? Similar results were
obtained using pericardial effusion,”> which implies that culture positivity is similar between pericardial effusion and
tissue. However, no head-to-head studies have been conducted to confirm this finding, and prospective large sample size
studies are needed to further confirm these results. On the contrary, obtaining culture results takes several weeks, which is
unsuitable for some critical patients with TBP.

The use of NAATs in TBP diagnosis is gradually increasing but remains primarily focused on pericardial
effusions.?®?° The accuracy of Xpert MTB/RIF in TBP diagnosis in pericardial effusions is moderate, and it can be
recommended as a method for rapid TBP diagnosis.*® In pericardial tissues, NAATs are still indicated.'® The tests
currently used for TBP diagnosis are DNA-based tests,” and there have been no studies on the role of RNA-based tests
in TBP diagnosis, which is the purpose of our study. Our results revealed that the sensitivity, specificity, PPV, NPV, and
AUC of the MTB-RNA assay for TBP diagnosis were 37.5%, 100%, 100%, 27.3%, and 0.69, respectively, when
pericardial tissues were used for the assay. However, the sensitivity of the MTB-RNA assay for TBP diagnosis is limited
and lower than that of the DNA-based assay. A previous meta-analysis found that the sensitivity, specificity, and AUC of
the Xpert MTB/RIF assay using pericardial effusion were 65%, 99%, and 0.99, respectively, when compared with the
composite reference standard and 75%, 99%, and 0.94, respectively, when compared with culture.*’ The sensitivity of
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DNA-based assays for TBP diagnosis using tissue specimens ranged from 50.9% to 52.7% when compared with clinical
diagnosis.'® The low sensitivity of the MTB-RNA assay may be due to the low and uneven distribution of MTB in the
tissues as well as the poor stability of RNA in comparison with DNA.'” Due to the limited number of samples included in
this study and the even more limited number of samples in which both MTB DNA and RNA-based assays were
performed, comparisons of small samples may not accurately reflect differences between the relevant tests and therefore
relevant head-to-head comparisons were not performed in this study. Relevant results will require prospective large
sample studies to further confirm.

Overall, the diagnostic accuracy of the MTB-RNA assay was slightly higher than that of the culture, with no
statistically significant difference. The very high PPV and very low NPV of the culture suggest that the probability
of TBP is very high if these tests are positive, whereas negative results do not effectively exclude the possibility
of the disease. Other relevant tests need to be performed for further clarification. The diagnostic accuracy of the
MTB-RNA assay increased substantially in culture-positive patients, ie, those with definite TBP, indicating that its
role in culture-positive patients is significant. However, the overall benefit is limited due to the low rate of culture
positivity in the pericardial tissue. The MTB culture is limited in EPTB diagnosis because the MTB load in most
EPTB specimens is very low, which limits the positive culture rate. The final clinical diagnosis combines multiple
factors, including culture, and is a more appropriate reference standard for EPTB.'® Evaluation based on these two
reference standards provides a more reliable interval of accuracy for the MTB-RNA assay in TBP diagnosis. In
probable TBP, MTB culture has no diagnostic role, and the diagnostic role of the MTB-RNA assay is also limited,
with a sensitivity of only 23.9%. In this study, the vast majority of patients had probable TBP, and more research
is needed to improve the diagnostic accuracy in this group of patients. It is clear that the MTB-RNA assay may
not meet these needs. Other validated tests should be developed to meet the diagnostic needs of this patient
population.

This study had some limitations. First, because this is not a continuous prospective study, patient selection may be
biased; for example, some patients required surgery but did not undergo it to obtain the tissue. Second, the results were
not compared head-to-head with DNA-based tests, and some results might have been biased. Third, TBP is a relatively
rare form of EPTB, and therefore, the overall sample size included is limited. Sample size limitations may also lead to
biased results, and the associated results are still to be treated with caution. Finally, because this study was conducted in
an area with a high TB burden, its relevance to other areas may be limited.

Conclusions

Overall, the sensitivity of MTB-RNA for the diagnosis of TBP using tissue specimens was relatively low, while the
specificity was excellent (100.0%) and the overall diagnostic accuracy was limited. In culture-positive TBP patients, the
sensitivity of MTB-RNA was satisfactory and its diagnostic accuracy was good. In culture-negative patients, the sensitivity
of this test was low and its diagnostic accuracy was unsatisfactory.
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