Infection and Drug Resistance Dove

ORIGINAL RESEARCH

Comparing Mycobacterium tuberculosis RNA
Accuracy in Various Respiratory Specimens for
the Rapid Diagnosis of Pulmonary Tuberculosis

Xiaowei Qiu', Sipei Zheng?, Jun Yang?, Guocan Yu(@®?*, Yiming Ye**

'Department of Radiology, Affiliated Hangzhou Chest Hospital, Zhejiang University School of Medicine, Hangzhou, People’s Republic of China; 2The
Second School of Medicine, Wenzhou Medical University, Wenzhou, People’s Republic of China; 3Zhejiang Tuberculosis Diagnosis and Treatment
Center, Affiliated Hangzhou Chest Hospital, Zhejiang University School of Medicine, Hangzhou, People’s Republic of China; *Clinical Medical
Examination Laboratory Center, Affiliated Hangzhou Chest Hospital, Zhejiang University School of Medicine, Hangzhou, People’s Republic of China

*These authors contributed equally to this work

Correspondence: Guocan Yu, Zhejiang Tuberculosis Diagnosis and Treatment Center, Affiliated Hangzhou Chest Hospital, Zhejiang University School
of Medicine, No. 208 East Huancheng Road, Hangzhou, People’s Republic of China, Email dabaitwo@ | 63.com; Yiming Ye, Clinical Medical Examination
Laboratory Center, Affiliated Hangzhou Chest Hospital, Zhejiang University School of Medicine, No. 208 East Huancheng Road, Hangzhou, People’s
Republic of China, Email 178822130@qq.com

Objective: To evaluate the rapid diagnostic accuracy of Mycobacterium tuberculosis RNA (TB-RNA) for pulmonary tuberculosis
(PTB) in a large patient sample and to evaluate the difference in TB-RNA diagnostic accuracy in various respiratory specimens.
Methods: Patient medical records were retrospectively reviewed to determine the sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and area under the curve (AUC) of the acid-fast bacillus (AFB) smear and TB-RNA to
evaluate their diagnostic accuracy against final clinical diagnosis.

Results: Of the 2336 patients ultimately included, 1123 provided 1 sputum specimen each and 1213 provided 1 bronchoalveolar
lavage fluid (BALF) specimen each. The overall sensitivity, specificity, PPV, NPV, and AUC of the AFB smear were 36.2%, 86.4%,
90.6%, 27.3%, and 0.61, respectively. The overall sensitivity, specificity, PPV, NPV, and AUC of TB-RNA for the rapid detection of
PTB were 57.4%, 99.4%, 99.7%, 39.3%, and 0.78, respectively. When sputum and BALF specimens were used for AFB smear testing,
the sensitivity, specificity, PPV, NPV, and AUC of the AFB smear were 44.5%, 81.5%, 87.5%, 33.5%, and 0.63; and 29.2%, 92.7%,
94.8%, 22.5%, and 0.61, respectively. The sensitivity, specificity, PPV, NPV, and AUC of TB-RNA for the rapid detection of PTB
using sputum were 49.6%, 99.3%, 99.5%, 40.4%, and 0.74, respectively; whereas those of TB-RNA determined using BALF were
63.9%, 99.5%, 99.8%, 38.0%, and 0.82, respectively.

Conclusion: The diagnostic accuracy of TB-RNA for PTB was moderate and considerably better than that of the AFB smear. The
diagnostic accuracy of TB-RNA for various respiratory specimens differed; the diagnostic accuracy of TB-RNA for BALF specimens
was substantially better than that for sputum samples, and BALF specimens were more suitable for TB-RNA.
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Introduction

Tuberculosis (TB) is caused by Mycobacterium tuberculosis (Mtb), which infects humans and poses a major threat to
human health;' it is 1 of the top 10 causes of death from a single infectious disease worldwide.” Based on whether Mtb
infection involves the lungs, TB can be divided into pulmonary TB (PTB) and extrapulmonary TB (EPTB), of which the
primary disease is PTB.? PTB, because of the specificity of its infected organ (the lung is an open organ that is connected
to the outside world through the airway), allows Mtb to be expelled from the lungs via coughing and the sputum, and its
dissemination makes PTB the primary infectious source of TB transmission.* Most EPTB cases are closed, with the
exception of a few cases of Mtb dissemination due to factors such as abscess rupture. EPTB is also less infectious.’
Therefore, the control of TB is mainly dependent on the control of PTB.® The first priority for PTB control is the early
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and rapid diagnosis of PTB so that effective antituberculosis treatment can be quickly administered to reduce the rate of
transmission, thereby effectively controlling the source of infection and reducing disease transmission.” The rapid
diagnosis of PTB depends on the rapid detection of Mtb. Although a conventional AFB smear is the most widely
utilized clinical means of Mtb detection,® it has shortcomings: first, its diagnostic sensitivity is low, which can lead to
misdiagnosis; second, although the method is simple and convenient, experienced microscopists are still the key to its
diagnosis, and considering that many primary hospitals do not have specialized microscopists to conduct this test, it could
result in reduced sensitivity.”'® Although culture is another classic Mtb detection method, it is of limited use for the early
and rapid diagnosis of TB because several weeks are required to obtain results using cultures; during this time, untreated
patients with PTB could transmit the disease, which is thus not conducive to TB control."'

In recent years, with the development of molecular diagnostics, molecular tests have been widely used for the early and
rapid diagnosis of TB,'? as well as for the rapid diagnosis of PTB."* Although most current molecular assays target Mtb
DNA,'*!5 research on molecular assays that target Mtb RNA has been limited.'® Shanghai Rendu Biotechnology Co has
developed a TB-RNA detection technology that involves simultaneous amplification and testing for the detection of Mtb
RNA by employing isothermal 16S ribosomal RNA (rRNA) amplification.'” This TB-RNA assay has been used for both
PTB and EPTB and has shown a relatively good diagnostic accuracy;'®'® however, the total number of studies remains
limited. For the rapid diagnosis of PTB, most current studies have used only a single type of respiratory specimen (sputum
or bronchoalveolar lavage fluid (BALF)) for evaluating a patient cohort of a limited size,® and research on the differences
in diagnostic efficacy of TB-RNA in various respiratory specimens is extremely limited. The diagnostic accuracy of the
relevant tests in terms of different respiratory specimens may vary. Elucidating the differences in diagnostic accuracy of
TB-RNA in various specimens can guide the choice of a practical clinical application to achieve optimal diagnostic efficacy
and reduce the possibility of misdiagnosis. Therefore, this study aimed to further evaluate the rapid diagnostic accuracy of
TB-RNA for PTB using a large patient sample and evaluate the differences in diagnostic accuracy of TB-RNA in various
respiratory specimens to provide a reference for the selection of clinical specimens.

Materials and Methods

Study Design

This was a retrospective study conducted at the Zhejiang Tuberculosis Diagnosis and Treatment Center, Affiliated
Hangzhou Chest Hospital, Zhejiang University School of Medicine. Patients with untreated suspected PTB who were
hospitalized at our center from September 2018 to January 2020 were considered eligible for inclusion in this study, and
such patients were screened by retrieving their relevant medical records from the electronic medical record system.
Patients who met the following criteria were regarded as those with suspected PTB: 1) TB-related clinical symptoms
such as cough and fever; 2) X-ray images indicating radiological changes such as lung tree-in-bud pattern and cavities; 3)
positive results obtained for a tuberculin purified protein derivative (PPD) test and/or gamma interferon release test;
and 4) no definite infection with other pathogens in the lungs.

Fresh respiratory specimens (BALF and sputum) were collected for the acid-fast bacillus (AFB) smear, culture, and
TB-RNA assay. Patients who underwent all three tests simultaneously were included; those who did not undergo the
relevant tests simultaneously or whose test results were unclear were excluded. BALF specimens were obtained by
lavage of the lung lesion site through fiberoptic bronchoscopy. Written informed consent was obtained from all patients
or their guardians and approval obtained from the Human Research Ethics Committee of the Affiliated Hangzhou Chest
Hospital, Zhejiang University School of Medicine. This study complied with the Declaration of Helsinki.

The final clinical diagnosis was utilized as the reference standard based on the Health Industry Standard of the
People’s Republic of China — Diagnosis for pulmonary tuberculosis (WS 288-2017).2' A “confirmed” PTB diagnosis
was based on the presence of Mtb in the respiratory specimens or in the lung tissue by employing Mycobacterium culture
or molecular tests (such as Xpert MTB/RIF). A “probable” PTB diagnosis was made when typical imaging presentations
were noted with a positive PPD test and/or gamma interferon release assay, or when PTB imaging presentations were
combined with confirmed EPTB at other sites. A “non-PTB” diagnosis included the following: when there was no
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evidence of Mtb infection, other clear pathogenic infections, or if the patient had recovered from the disease without
receiving anti-TB treatment. In this study, confirmed and probable PTB were considered a clinical diagnosis of PTB.

AFB Smear and Culture

Fresh BALF and sputum specimens were utilized for the AFB smear and culture. The specimens were digested and
decontaminated with N-acetyl-1-cysteine—NaOH; they were then subjected to direct smear microscopy with auramine O,
a fluorescent dye. Results were confirmed by Ziehl-Neelsen staining, based on the World Health Organization
guidelines.”?

Solid and liquid culture methods were used, wherein a solid Lowenstein—Jensen medium (Encode Medical
Engineering Co., Ltd., China) was used for the solid culture and the BACTEC MGIT 960 Mycobacteria Culture

System (BD Diagnostic Systems, Sparks, MD, USA) was used for the liquid culture.”®

Mtb RNA

The TB-RNA assay (Shanghai Rendu Biotechnology, China) was performed according to the manufacturer’s instruc-
tions. The sputum and BALF specimens were digested and decontaminated with N-acetyl-1-cysteine—NaOH for 15 min,
and the specimens were centrifuged at 13,000 x g for 5 min and the supernatant discarded. Approximately 50 puL dilution
solution was added to the sediment and placed in a water bath sonicator (Shanghai Shengyan Ultrasound Machines,
China) for 15 min. The mixture was centrifuged to obtain the supernatant, which was used for the simultancous
isothermal amplification of RNA. Approximately 2 pL of the supernatant was taken and 30 pL of reaction solution
was added to it; this solution was added to a polymerase chain reaction (PCR) tube and pre-incubated at 60° for 10 min,
followed by incubation at 42° for 5 min. Next, 2000 units of Moloney murine leukemia virus reverse transcriptase and
2000 units of T7 RNA polymerase (RD Bioscience, Inc., San Diego, CA, USA) were added to the pre-incubated mixture.
A fluorescence quantitative real-time PCR instrument (SLAN-96S Real-Time PCR System ZEESAN Xiamen CN) was
employed for 16S rRNA amplification, and the final mixed solution obtained previously was used for analysis. The test

results were then interpreted according to the product manual.**

Data Processing and Statistical Analysis
SPSS 24.0 (IBM Corp., Armonk, NY, USA) and MedCalc statistical software v15.2.2 (MedCalc Software bvba, Ostend,
Belgium; http://www.medcalc.org) were used as the primary software for the study’s data analysis. SPSS was used to

calculate the mean, standard deviation, and frequency to obtain the four values for cross-tabulation of data obtained via
the diagnostic tests: true positive, false positive, false negative, and true negative. MedCalc statistical software was used
to calculate the sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and area under
the curve (AUC) with 95% confidence interval of the related tests. McNemar’s test was used for comparing paired data,
the chi-squared test or Fisher’s exact test for comparing proportions, and the Z-test for comparing AUCs. Venn diagrams
(http://www.bioinformatics.com.cn/static/others/jvenn/example.html) were generated through an interactive tool for

comparing lists.>> P values <0.05 for differences between the two groups were considered statistically significant.

Results

In total, 2594 potentially eligible patients with suspected PTB were screened initially. After excluding 258 patients with
incomplete data, 2336 patients were ultimately included, of whom 1123 provided 1 sputum specimen each and 1213
provided 1 BALF specimen each (Figure 1). The mean age of all patients was 51.0+18.1 years, and 66.0% were men. The
mean age of the patients who provided sputum specimens was 50.7+18.1 years, and 69.7% were men. The mean age of
patients providing BALF specimens was 51.6+18.3 years, and 62.5% were men.

The diagnostic classification of the included patients is shown in Figure 1. Among the sputum specimens, 836 patients
were diagnosed with PTB, 372 of whom had a positive AFB smear and 415 of whom had positive TB-RNA. Of the 287
patients with non-PTB, 53 had a positive AFB smear (the final culture was non-tuberculous mycobacteria (NTM)) and 2 had
positive TB-RNA (no other evidence of TB, negative on retest, and recovered without antituberculosis treatment). Among
the BALF specimens, 993 patients were diagnosed with PTB, 290 of whom had a positive AFB smear and 635 were positive
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Figure | Diagnostic classification of the included pulmonary tuberculosis in various respiratory specimens.
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Figure 2 Venn diagram of positive tests in the included pulmonary tuberculosis patient in various respiratory specimens. (A) sputum; (B) bronchoalveolar lavage fluid.

for TB-RNA. Of the 220 patients with non-PTB, 16 had a positive AFB smear (the final culture was NTM) and 1 was
positive for TB-RNA (no other evidence of TB, negative on retest, and recovered without antituberculosis treatment).

The distribution and overlap of positive AFB smear, culture, and TB-RNA in the sputum and BALF specimens are
shown in Figure 2.

Diagnostic Accuracy of AFB Smear and TB-RNA

When clinical diagnosis was considered as the reference standard, the overall sensitivity, specificity, PPV, NPV, and AUC
of the AFB smear for rapid PTB diagnosis were found to be 36.2% (34.0%-38.5%), 86.4% (83.1%—-89.3%), 90.6%
(88.29%-92.6%), 27.3% (25.1%-29.5%), and 0.61 (0.59-0.63), respectively; those for rapid TB-RNA diagnosis were
57.4% (55.1%-59.7%), 99.4% (98.3%-99.9%), 99.7% (99.29%-99.9%), 39.3% (36.6%—-42.0%), and 0.78 (0.77-0.80),
respectively. These results are summarized in detail in Table 1.

When sputum was used for the tests, the sensitivity, specificity, PPV, NPV, and AUC of the AFB smear were 44.5%
(41.1%—47.9%), 81.5% (76.6%—85.9%), 87.5% (84.0%-90.5%), 33.5% (30.0%—-37.2%), and 0.63 (0.60-0.66), respec-
tively. Those values for TB-RNA were 49.6% (46.2%—-54.3%), 99.3% (97.5%-99.9%), 99.5% (98.3%-99.9%), 40.4%
(36.7%-44.1%), and 0.74 (0.72-0.77), respectively (Table 1). The receiver operating characteristic curves for the AFB
smear and the TB-RNA assay using sputum and BALF specimens are shown in Figure 3.
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Table | The Diagnostic Accuracy of AFB Smear and TB-RNA for Rapid Pulmonary Tuberculosis Diagnosis

in Various Respiratory Specimens

Test Total PTB Sputum BALF P value
AFB smear
Sensitivity (%) 36.2 (34.0-38.5) 44.5 (41.147.9) 29.2 (26.4-32.1) < 0.001
Specificity (%) 86.4 (83.1-89.3) 81.5 (76.6-85.9) 92.7 (88.5-95.8) < 0.001
PPV (%) 90.6 (88.2-92.6) 87.5 (84.0-90.5) 94.8 (91.7-97.0) 0.001
NPV (%) 27.3 (25.1-29.5) 33.5 (30.0-37.2) 22.5 (19.8-25.4) < 0.001
AUC 0.61 (0.59-0.63) 0.63 (0.60-0.66) 0.61 (0.58-0.64) 0.445
TB RNA
Sensitivity (%) 57.4 (55.1-59.7) 49.6 (46.2-53.1) 63.9 (60.9-66.9) < 0.001
Specificity (%) 99.4 (98.3-99.9) 99.3 (97.5-99.9) 99.5 (97.5-100.0) 0.724
PPV (%) 99.7 (99.2-99.9) 99.5 (98.3-99.9) 99.8 (99.1-100.0) 0.337
NPV (%) 39.3 (36.642.0) 40.4 (36.744.1) 38.0 (34.042.1) 0.379
AUC 0.78 (0.77-0.80)* 0.74 (0.72-0.77)* 0.82 (0.79-0.84)* < 0.001

Notes: P values represent the difference between sputum and BALF. The difference between TB-RNA and AFB smear, *P < 0.001.
Abbreviations: PTB, pulmonary tuberculosis; BALF, bronchoalveolar lavage fluid; AFB, acid-fast bacillus; TB-RNA, Mycobacterium
tuberculosis RNA; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve.

When BALF was used for the tests, the sensitivity, specificity, PPV, NPV, and AUC of the AFB smear were 29.2%
(26.4%-32.1%), 92.7% (88.5%-95.8%), 94.8% (91.7%—-97.0%), 22.5% (19.8%-25.4%), and 0.61 (0.58-0.64), respec-
tively; those for the TB-RNA were 63.9% (60.9%—66.9%), 99.5% (97.5%—100.0%), 99.8% (99.1%—-100.0%), 38.0%
(34.0%42.1%), and 0.82 (0.79-0.84), respectively (Table 1).

For culture-negative PTB, the sensitivity, specificity, PPV, NPV, and AUC of the AFB smear were found to be 6.8%
(4.9%-9.1%), 86.4% (83.1%—-89.3%), 37.8% (28.8%-47.5%), 43.2% (40.1%-46.3%), and 0.47 (0.44-0.50), respec-
tively; those for rapid TB-RNA diagnosis were 24.3% (20.9%—-27.9%), 99.4% (98.3%-99.9%), 98.0% (94.4%—-99.6%),
51.9% (48.7%—55.0%), and 0.62 (0.59-0.65), respectively.
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Figure 3 The receiver operating characteristic curves for the AFB smear and the TB-RNA in various respiratory specimens. (A) sputum; (B) bronchoalveolar lavage fluid.
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Comeparison of the Diagnostic Accuracy of the AFB Smear and TB-RNA

The accuracy of TB-RNA for the rapid diagnosis of PTB was significantly better than that of the AFB smear, regardless
of the type of specimen used for testing (P < 0.05). When the same test was performed using various specimens, the
diagnostic accuracy of the AFB smear using sputum and BALF was similar, with no statistically significant difference
(P > 0.05, Table 1), whereas the accuracy of the TB-RNA using BALF was significantly better than that using sputum,
with a statistically significant difference (P < 0.05).

Discussion

The early and rapid diagnosis of PTB remains challenging. Rapid PTB diagnosis allows for timely antituberculosis
treatment, thereby reducing respiratory transmission, accelerating TB control, and improving the prognosis of patients
with PTB.?® The most commonly used specimens for PTB diagnosis are sputum and BALF. Sputum can be obtained by
coughing and is the most convenient specimen type that can be acquired in a noninvasive manner for PTB diagnosis. In
patients with no sputum or scanty sputum, or for patients in whom presence of endobronchial lesions needs to be excluded
despite a positive sputum AFB smear, fiberoptic bronchoscopy is typically performed to obtain a BALF specimen by lavage
at the site of the lung lesion.?”** Fiberoptic bronchoscopy is becoming increasingly important in the diagnosis of PTB, not
only for lavage but also for biopsy.>® This approach is extremely safe (complication rate <0.1%-11% and mortality rate

0%-0.1%) and patients can cooperate positively,?’

especially after introducing a painless approach for the same. It is
generally accepted that BALF has some advantages over sputum: it may contain a higher bacterial content and be of better
quality than sputum and is less susceptible to contamination.>®* BALF could be a more reliable respiratory specimen, and the
results of previous studies have shown that BALF has good diagnostic accuracy for PTB.?!

The rapid diagnosis of PTB currently relies on AFB smear and molecular tests. The results of this study showed that
the overall sensitivity, specificity, PPV, NPV, and AUC of AFB smear were 36.2%, 86.4%, 90.6%, 27.3%, and 0.61,
respectively. The diagnostic accuracy of the AFB smear for the rapid diagnosis of PTB was shown to be extremely low,
especially the sensitivity and the NPV. These results are consistent with those of previous related studies.>”> An AFB
smear cannot differentiate between Mtb and NTM infections because both bacteria show positive antacid staining.'® In
this study, 69 patients were found to have a positive AFB smear; the final culture results showed the presence of NTM,
suggesting a high probability of a positive AFB smear for Mtb infection. However, NTM infection cannot be excluded. If
no other tests are available, anti-TB treatment is acceptable; but improving the accuracy of the diagnosis is still
recommended using relevant molecular tests. The fact that all 69 patients tested negative for TB-RNA was indicative
of an NTM infection, which required focused attention. Culture-negative PTB is one of the major problems in the
diagnosis of this disease. Our study showed that the diagnostic efficacy of either AFB smear or TB-RNA assay for
culture-negative PTB is still low, and more efficient detection methods for culture-negative PTB still need to be further
explored.

When sputum and BALF specimens were used for AFB smear testing, the sensitivity, specificity, PPV, NPV, and
AUC of the AFB smear were 44.5%, 81.5%, 87.5%, 33.5%, 0.63, and 29.2%, 92.7%, 94.8%, 22.5%, and 0.61,
respectively. No significant differences were observed in the diagnosis of PTB by AFB smear in various respiratory
specimens. This could be because the comparison of the two specimens in this study was not head-to-head and because
both specimens were not obtained from the same patient for comparison. Fiberoptic bronchoscopy was mainly performed
in patients without sputum or in patients who needed to exclude endobronchial tuberculosis. In addition, some patients
with a positive sputum AFB smear did not undergo fiberoptic bronchoscopy, which could explain the low sensitivity of
the AFB smear in BALF. The diagnostic accuracy of the AFB smear performed in either sputum or BALF was
unsatisfactory and did not meet the standard required for rapid diagnosis.

The overall sensitivity, specificity, PPV, NPV, and AUC of TB-RNA for PTB rapid diagnosis were 57.4%, 99.4%,
99.7%, 39.3%, and 0.78, respectively. The overall diagnostic accuracy was moderate, which was similar to that noted in
previous studies. The sensitivity, specificity, PPV, NPV, and AUC of TB-RNA detection using sputum were 49.6%,
99.3%, 99.5%, 40.4%, and 0.74, respectively; whereas these values for TB-RNA detection using BALF were 63.9%,
99.5%, 99.8%, 38.0%, and 0.82, respectively. Compared with sputum, TB-RNA testing using BALF showed
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a considerable improvement in diagnostic accuracy. Previous studies have shown good diagnostic efficacy for TB-RNA
even in smear-negative PTB using BALF specimens, and the improved detection capability of TB-RNA by PCR
amplification, coupled with the potentially higher bacterial BALF load, resulted in superior results for TB-RNA using
BALF. TB-RNA studies applied to the rapid diagnosis of PTB showed results that were generally consistent with those of
the present study; however, most previous studies utilized smaller cohort sizes and did not compare the differences in the
diagnostic efficacy of TB-RNA in various respiratory specimens.'’> The present study used a large sample size, which
reduces bias and makes the results more robust and credible. The differences in TB-RNA in various specimens were also
compared, which provides more information for clinical practice. Using BALF for TB-RNA testing was more appro-
priate and could provide better results.

The present study has some limitations. First, as a retrospective study, patient selection bias was inevitable Second,
given that the comparison of the two types of respiratory specimens was not head-to-head, there could have been
selection bias; thus, the results should be interpreted cautiously, and head-to-head studies are warranted to further confirm
the results. Finally, the study was conducted in a high-TB burden region and application of the results to other regions
could vary.

Conclusions

The diagnostic accuracy of TB-RNA for PTB was moderate and substantially better than that of the AFB smear. The
diagnostic accuracy of TB-RNA in various respiratory specimens differed, and its accuracy in BALF was significantly better
than that in sputum. BALF specimens were more suitable for TB-RNA testing, which could improve the detection rate.
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