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Background. The World Health Organization approved the use of Xpert MTB/RIF for the detection of Mycobacterium tuberculosis
DNA, which has significantly improved the diagnosis of tuberculosis. In this study, our main objective was to evaluate the
diagnostic efficacy of Xpert MTB/RIF for lymphoid tuberculosis to determine whether Xpert MTB/RIF could be used as a
routine detection method. Materials and Methods. We searched four databases for the relevant literature published from May 2007 to
December 2019. The quality of the literature was evaluated with reference to the evaluation criteria. Data that were extracted from the
literature on Xpert MTB/RIF diagnosis of lymphatic tuberculosis were used to plot the summary receiver operating characteristic
(SROC) curve, after which the software was used to combine and analyze the accuracy of these data. Results. A total of 27 studies were
included. The sensitivity of Xpert MTB/RIF for detecting lymphatic tuberculosis was 0.79 (95% CI (0.77, 0.81)), the specificity was
0.88 (95% CI (0.87, 0.90)), and the positive likelihood ratio (PLR) was 7.21 (95% CI (4.93, 10.55)). In addition, the negative likelihood
ratio (NLR) was 0.25 (95% CI (0.19, 0.32)) and the diagnostic odds ratio (DOR) was 40.23 (95% CI (24.53, 65.98)). At the same time,
we used the extracted data to make the SROC curve, obtaining the following parameters: area under the curve (AUC) = 0.9144,
Q=0.8470 (SE=0.0163). Conclusion. Xpert MTB/RIF has high accuracy in detecting lymphatic tuberculosis, and it can be
used to quickly and easily diagnose lymphatic tuberculosis at an early stage as a general method.

1. Background

Tuberculosis is the leading infectious cause of death world-
wide. It is caused by M. tuberculosis that invades the human
body, and especially lungs. It can also cause extrapulmonary
tuberculosis, which is caused when the bacterium infects the
lungs and then spreads through the lymphatic system, invad-
ing other organs of the body [1]. Lymphatic tuberculosis is one

of the most ordinary kinds of extrapulmonary tuberculosis [2].
In resource-poor countries with a high burden of lymphatic
tuberculosis, quick and accurate detection and diagnosis of
patients suffering from tuberculosis have become important
factors in the control and treatment of lymphatic tuberculosis.

Conventional methods for detecting lymphatic tuberculo-
sis include smear microscopy, culture, or cytology; neverthe-
less, these methods have certain limitations. Mycobacterial
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TaBLE 1: Characteristics of the included studies.
Author Year Design Gold standard Results Type of specimens Error
TP FP FN TN

Ligthelm et al. (a) [11] 2011  Retrospective Culture 29 2 1 16 FNA 0
Ligthelm et al. (b) [11] 2011  Retrospective CRS 28 3 1 16 FNA 0
Causse et al. (a) [16] 2011 Prospective Culture 16 0 1 70 Tissue 0
Vadwai et al. (a) [32] 2011 Prospective Culture 32 17 12 127 Tissue 0
Vadwai et al. (b) [32] 2011 Prospective CRS 49 1 17 122 Tissue 0
Armand et al. (a) [15] 2011  Retrospective Culture 0 8 2 Tissue 2
Hillemann et al. (a) [29] 2011 Prospective Culture 3 4 52 Tissue No data
Zeka et al. (a) [22] 2011  Retrospective Culture 11 2 3 10 Tissue 0
Zeka et al. (b) [22] 2011  Retrospective CRS 13 0 4 9 Tissue 0
Malbruny et al. (a) [27] 2011 Prospective Culture 6 0 0 17 FNA 0
Moure et al. (a) [20] 2012 Retrospective Culture 24 0 10 4 Tissue 0
Tortoli et al. (a) [14] 2012 Retrospective Culture 24 4 5 85 Tissue No data
Tortoli et al. (b) [14] 2012 Retrospective CRS 28 0 5 85 Tissue No data
Van Rie et al. (a) [17] 2013 Prospective Culture 139 23 10 172 FNA 5
Van Rie et al. (b) [17] 2013 Prospective CRS 160 2 42 144 FNA 5
Ablanedo-Terrazas et al. (a) [12] 2014 Prospective Culture 15 0 0 53 FNA 0
Biadglegne et al. (a) [19] 2014 Prospective Culture 29 56 3 132 FNA 7
Coetzee et al. (b) [28] 2014 Prospective CRS 21 13 4 34 FNA 1
Dhasmana et al. (b) [26] 2014 Prospective CRS 24 3 12 77 FNA 0
Scott et al. (a) [18] 2014 Prospective Culture 16 14 4 50 FNA 0
Ghariani et al. (a) [13] 2015 Prospective Culture 126 8 18 22 Tissue 0
Tadesse et al. (b) [24] 2015 Prospective CRS 76 7 11 42 FNA 2
Salvador et al. (b) [21] 2015 Prospective Culture 6 0 3 4 Tissue 0
Salvador et al. (a) [21] 2015 Prospective Culture 5 6 2 2 FNA 0
Bholla et al. (b) [3] 2016 Prospective CRS 11 3 8 40 FNA 0
Dhooria et al. (b) [30] 2016 Prospective CRS 26 2 27 92 FNA 0
Suzana et al. (a) [31] 2016 Prospective Culture 19 19 1 27 Tissue 0
Suzana et al. (b) [31] 2016 Prospective CRS 38 0 18 11 Tissue 0
Nataraj et al. (a) [33] 2016 Prospective Culture 29 1 9 87 FNA 0
Pandey et al. (b) [23] 2016 Prospective Culture 5 2 3 1 Tissue 0
Pandey et al. (a) [23] 2016 Prospective Culture 9 1 1 3 FNA 0
Rebecca et al. (a) 8] 2018  Retrospective Culture 12 9 1 37 Tissue 0
Perez-Risco et al. (a) [10] 2018 Prospective Culture 16 0 1 8 FNA 0
Sarfaraz et al. (a) [9] 2018 Prospective Culture 44 38 23 156 FNA 0
Jorstad et al. (b) [25] 2018 Prospective CRS 6 0 16 20 FNA 0

culture can be used as a reference standard but is time-
consuming and requires an operator or contact. With a rea-
sonably high level of biosafety, cytological methods for
detecting lymphadenopathy require expert human cytologi-
cal interpretation, while small laboratories often do not have
equipment such as fluorescence microscopes or light-
emitting diode (LED) microscopes. These factors make it
impossible to accurately and quickly diagnose patients with
lymphatic tuberculosis in a low resource environment [3].
Xpert MTB/RIF, a complex for detecting M. tuberculosis,
is a box-based isothermal nucleic acid amplification test,
which requires less time to detect M. tuberculosis. It is also
characterized by short cycle, speed, automaticity, and opera-
tor need to have the advantage of too high professional skills

[4]. In 2010, the World Health Organization was first to rec-
ognize Xpert MTB/RIF for the detection of DNA from M.
tuberculosis and rapid diagnosis of the function of tuberculo-
sis [5]. According to the predictions and calculations of the
World Health Organization, the cost of Xpert is almost the
same as that of M. tuberculosis culture. However, large-scale
implementation of Xpert does not require specialized equip-
ment or culture of a large number of talents to meet the cul-
ture process demand. In relation to the tuberculosis control
plan, some countries are ready to abandon traditional myco-
bacterial culture and switch to Xpert for the detection of M.
tuberculosis [6]. There are few systematic reviews of the accu-
racy of Xpert MTB/RIF for the detection of lymphatic tuber-
culosis at home and abroad. Therefore, we conducted a
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F1GURE 1: The SROC curve for the combined sensitivity of Xpert MTB/RIF.

meta-analysis of the sensitivity of Xpert MTB/RIF for the
diagnosis of lymphatic tuberculosis by evidence-based
medicine.

2. Materials and Methods

2.1. Overall Process. We first confirmed the inclusion and
exclusion criteria and relevant keywords, which was followed
by a literature search, preliminary screening, and rescreen-
ing. Next, data extraction and literature quality evaluation
were performed, after which the statistical analysis was per-
formed; the specific processes are shown in S1.

2.2. Inclusion and Exclusion Criteria. The inclusion criteria
were the following: (1) subjects: clinical specimens of lymph
node tissues identified as tuberculous lymphadenitis by test
methods, and tuberculosis detected in the lesions; (2) types
of study: analytical test for diagnostic accuracy data for iden-
tification of bacterial species could be extracted from litera-
ture; only literature in English literature was considered;
and (3) diagnostic test method: detection of M. tuberculosis
using Xpert MTB/RIF.

Exclusion criteria were (1) duplicate literature; (2) con-
ference abstracts, lectures, letters, and reviews; (3) literature
lacking reference standards; and (4) literature lacking a four-
fold table.

2.3. Search Strategy. The “Xpert” and “Lymph” keywords
were used to jointly search the PubMed database, the Web
of Science database, the Embase database, and the Cochrane
Library database for relevant documents published between

May 2007 and December 2019. Possible matches were also
retrieved from the related references and were incorporated
with standard literature.

2.4. Selection of Literature Research and Data Extraction and
Quality Evaluation

2.4.1. Selection of Research and Extraction of Data. Four eval-
uators independently searched for the “Xpert” and “Lymph”
keywords in view of the predefined inclusion and exclusion
criteria. PubMed database, Web of Science database, the
Embase database, and the Cochrane Library database were
searched for the relevant literature published between May
2007 and May 2019. The studies were extracted and analyzed,
and those documents that met the inclusion criteria were
evaluated for quality. If the four evaluators cannot reach an
agreement on the results of data extraction, analysis, and
evaluation results, differences would be resolved by review
and negotiation. If differences remained, the third party
would be introduced to reach consensus, who was blinded
to the authors or institutions of the studies undergoing
review. The extracted data included author, year, type of
experimental design (prospective or retrospective), gold stan-
dard, classification, type of specimens (FNA or tissue), TP,
FP, EN, TN, errors and the total number of samples, and
other related information, during which a fourfold table
was regarded as the standardized data extraction form. In
the process of data extraction, we found that the gold stan-
dards are culture and composite reference standard (CRS),
which even appears in some of the literature at the same time.
We regard such articles as two articles for extraction and
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Sensitivity (95% CI)

Louis J. Ligthelm (a) 0.97 (0.83 - 1.00)
Louis J. Ligthelm (b) 0.97 (0.82 - 1.00)
Causse.M (a) 0.94 (0.71 - 1.00)
Vadwai.V (a) 0.73 (0.57 - 0.85)
Vadwai.V (b) 0.74 (0.62 - 0.84)
Armand.S (a) 0.50 (0.25 - 0.75)
Hillemann.D (a) 0.60 (0.26 - 0.88)
Zeka A (a) 0.79  (0.49 - 0.95)
Zeka.A (b) 0.76 (0.50 - 0.93)
Malbruny.B (a) 1.00 (0.54 - 1.00)
Moure.R (a) 0.71 (0.53 - 0.85)
Tortoli.E (a) 0.83 (0.64 - 0.94)
Tortoli.E (b) 0.85 (0.68 - 0.95)
Van Rie. A (a) 0.93 (0.88 - 0.97)
Van Rie. A (b) 0.79  (0.73 - 0.85)
Yuria Ablanedo-Terrazas (a) 1.00 (0.78 - 1.00)
Biadglegne.F (a) 0.91 (0.75 - 0.98)
Coetzee.L (b) 0.84 (0.64 - 0.95)
Dhasmana.D.J (b) 0.67 (0.49 - 0.81)
Scott.L.E (a) 0.80 (0.56 - 0.94)
Asma Ghariani (a) 0.88 (0.81 - 0.92)
Tadesse.M (b) 0.87 (0.79 - 0.94)
Salvador.F (a) 0.71 (0.29 - 0.96)
Salvador.F (b) 0.67 (0.30 - 0.93)
Bholla.M (b) 0.58 (0.33 - 0.80)
Dhooria.S (b) 0.49 (0.35 - 0.63)
Suzana.S (a) 0.95 (0.75 - 1.00)
Suzana.S (b) 0.68 (0.54 - 0.80)
Nataraj.G (a) 0.76 (0.60 - 0.89)
Pandey. S (a) 0.90 (0.55 - 1.00)
Pandey.S (b) 0.63 (0.24 - 0.91)
Rebecca (a) 0.92 (0.64 - 1.00)
Perez-Risco (a) 0.94 (0.71 - 1.00)
Safaraz (a) 0.66 (0.53 - 0.77)
Jorstad.M.D. (b) 0.27 (0.11 - 0.50)

Pooled sensitivity = 0.79 (0.77 to 0.81)
Chi-square = 158.75; df = 34 (P = 0.0000)
Inconsistency (I?) = 78.6 %

FIGURE 2: Forest plots for the combined sensitivity of Xpert MTB/RIF.

«_»

label “a” with culture as the gold standard and “b” with CRS
as the gold standard in the figure (Table 1).

2.4.2. Quality Evaluation of Literature. The literature was
evaluated for quality, mainly based on the quality evalua-
tion criteria of the diagnostic test recommended by the
Cochrane Collaboration Network-QUADAS-2 [7]. The
quality of the included documents was based on 11 evalua-
tion questions in the QUADAS-2 standard. The scoring
criteria were “Yes (Y)”, which equaled to 1 point, “No
(N)”, which equaled to 0, and “Unclear (UC)”, which
equaled to 0.5 points.

3. Statistical Analysis

The following data were extracted: total number of samples,
specificity, sensitivity, true positive, false positive, true neg-

ative, and false negative. The data of Xpert MTB/RIF for
the diagnosis of lymphatic tuberculosis were accurately
combined and analyzed by Stata 12.0 software and meta-
disc v.1.4 software. The accuracy of each diagnostic method
was analyzed using a random-effects model and presented
in the form of a funnel plot and a forest plot, respectively.
We used the form of a forest map to obtain an accurate
estimate for each study in a general overview and then ana-
lyzed and interpreted the estimates of the forest map sum-
mary. In the forest map, a P value of <0.05 represented a
statistically significant difference. If the results of the data
graphs such as the forest map and the funnel map were
not satisfactory, the four evaluators solved the problem by
negotiating and inspecting whether the effect model
(fixed-effects model and random-effects model) and effect
quantity (categorical variable and continuous variable) were
satisfactory.
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Specificity (95% CI)
Louis J. Ligthelm (a) 0.89 (0.65 - 0.99)
Louis J. Ligthelm (b) 0.84 (0.60 - 0.97)
Causse.M (a) 1.00 (0.95 - 1.00)
Vadwai.V (a) 0.88 (0.82 - 0.93)
Vadwai.V (b) 0.99 (0.96 - 1.00)
Armand.S (a) 1.00 (0.16 - 1.00)
Hillemann.D (a) 0.95 (0.85 - 0.99)
Zeka.A (a) 0.83  (0.52 - 0.98)
Zeka.A (b) 1.00 (0.66 - 1.00)
Malbruny.B (a) 1.00 (0.80 - 1.00)
Moure.R (a) 1.00 (0.40 - 1.00)
Tortoli.E (a) 0.96 (0.89 - 0.99)
Tortoli.E (b) 1.00 (0.96 - 1.00)
Van Rie. A (a) 0.88 (0.83 - 0.92)
Van Rie. A (b) 099  (0.95 - 1.00)
Yuria Ablanedo-Terrazas (a) 1.00 (0.93 - 1.00)
Biadglegne.F (a) 0.70 (0.63 - 0.77)
Coetzee.L (b) 0.72 (0.57 - 0.84)
Dhasmana.D.J (b) 0.96 (0.89 - 0.99)
Scott.L.E (a) 0.78 (0.66 - 0.87)
Asma Ghariani (a) 0.73 (0.54 - 0.88)
Tadesse.M (b) 0.86 (0.73 - 0.94)
Salvador.F (a) 0.25 (0.03 - 0.65)
Salvador.F (b) 1.00 (0.40 - 1.00)
Bholla.M (b) 0.93 (0.81 - 0.99)
Dhooria.S (b) 0.98 (0.93 - 1.00)
Suzana.S (a) 0.59 (0.43 - 0.73)
Suzana.S (b) 1.00 (0.72 - 1.00)
Nataraj.G (a) 0.99 (0.94 - 1.00)
Pandey. S (a) 0.75 (0.19 - 0.99)
Pandey.S (b) 0.33 (0.01 - 0.91)
Rebecca (a) 0.80 (0.66 - 0.91)
Perez-Risco (a) 1.00 (0.63 - 1.00)
Safaraz (a) 0.80 (0.74 - 0.86)
Jorstad.M.D. (b) 1.00 (0.83 - 1.00)

Pooled specificity = 0.88 (0.87 to 0.90)
Chi-square = 284.65; df = 34 (P = 0.0000)
Inconsistency (I?) = 88.1 %

FIGURE 3: Forest plots for the combined specificity of Xpert MTB/RIF.

4. Results

4.1. Characteristics of Inclusion Studies. By applying the
above-described search strategy, 260 articles were identified.
After deleting duplicate articles, 180 articles were left. Next,
we screened the title, abstract, and conclusion of the research.
Finally, we conducted a full-text review and meta-analysis of
27 articles [3, 8-33] (S1, Table 1). The sample number of
each article ranged from 25 to 348.

Among the 27 documents included, 21 were prospective
and 6 were retrospective studies. Besides, in these 27 articles,
the sample types were fine needle aspiration (FNA) and tis-
sue, and the storage conditions were also divided into frozen
and fresh. In this article, we only present part of the type of
specimen.

4.2. Threshold Effect Analysis. As can be seen from the SROC
curve (Figure 1), it did not have a “shoulder arm” distribu-

tion. At the same time, due to the threshold effect analysis,
Spearman correlation coefficient was 0.100, and the P value
was 0.182 (P > 0.05), which suggested that the included arti-
cles did not have the threshold effect.

4.3. Heterogeneity Analysis of Nonthreshold Effect. A forest
map, which was used to plot the ratio, revealed that there was
no heterogeneity in nonthreshold effects: Cochran-Q = 99.82,
P<0.01 (P<0.05), inconsistency =65.9% (inconsistent > 50%).

4.4. SROC Curve. The obtained meta-analysis data were used
to generate the SROC curve, which illustrated the total score
of the test (Figure 1). As the chart shows, AUC was 0.9144,
and Q index was 0.8470 (SE =0.0163). Since AUC and Q
index was close to 1, this indicated a high overall accuracy,
which suggests that Xpert MTB/RIF can be used to diagnose
lymphatic tuberculosis more accurately.
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Positive LR (95% CI)
Louis J. Ligthelm (a) 8.70 (2.35 - 32.19)
Louis J. Ligthelm (b) 6.11 (2.16 - 17.31)
Causse.M (a) 130.17 (8.19 - 2,068.06)
Vadwai.V (a) 6.16 (3.81 - 9.97)
Vadwai.V (b) 91.32 (12.90 - 646.45)
Armand.S (a) 3.00 (0.23 - 39.38)
Hillemann.D (a) 11.00 (3.28 - 36.93)
Zeka.A (a) 471 (129 - 17.20)
Zeka.A (b) 15.00  (0.99 - 226.52)
Malbruny.B (a) 33.43 (2.16 - 518.10)
Moure.R (a) 7.00 (0.50 - 97.95)
Tortoli.E (a) 18.41 (6.97 - 48.67)
Tortoli.E (b) 144.18  (9.06 - 2,295.55)
VanRie. A (a) 7.91 (5.38 - 11.64)
Van Rie. A (b) 57.82 (14.57 - 229.42)
Yuria Ablanedo-Terrazas (a) 104.63  (6.62 - 1,653.65)
Biadglegne.F (a) 3.04 (2.38 - 3.89)
Coetzee.L (b) 3.04 (1.85 - 4.97)
Dhasmana.D.J (b) 17.78  (5.72 - 55.25)
Scott.L.E (a) 3.66 (2.19 - 6.10)
Asma Ghariani (a) 3.28 (1.81 - 5.96)
Tadesse.M (b) 6.11 (3.07 - 12.20)
Salvador.F (a) 0.95 (0.51 - 1.76)
Salvador.F (b) 6.50 (0.45 - 93.73)
Bholla.M (b) 8.30 (2.61 - 26.39)
Dhooria.S (b) 23.06 (5.70 - 93.34)
Suzana.S (a) 2.30 (1.61 - 3.29)
Suzana.$ (b) 1621  (1.07 - 245.94)
Nataraj.G (a) 67.16  (9.49 - 475.27)
Pandey. S (a) 3.60 (0.65 - 19.90)
Pandey.S (b) 0.94 (0.36 - 2.46)
Rebecca (a) 4.72 (2.57 - 8.65)
Perez-Risco (a) 16.50  (1.11 - 244.86)
Safaraz (a) 3.35 (2.40 - 4.68)
Jorstad.M.D. (b) 11.87  (0.71 - 198.13)

Random-effects model

Pooled positive LR = 7.21 (4.93 to 10.55)
Cochran-Q = 239.15; df = 34 (P = 0.0000)
Inconsistency (I?) = 85.8 %

Tau-squared = 0.8240

FIGURE 4: Forest plots for the combined positive LR of Xpert MTB/RIF.

4.5. Merge Analysis Results. The results are shown in
Figures 2-6. The sensitivity of Xpert MTB/RIF in the diagno-
sis of lymph node nuclei was 0.79 (95% CI (0.77, 0.81)), the
specificity was 0.88 (95% CI (0.87, 0.90), the positive LR
was 7.21 (95% CI (4.93, 10.55)), and the negative LR was
0.25 (95% CI (0.19, 0.32)). The combined diagnostic ratio
was 40.23 (95% CI (24.53, 65.98); Figure 6).

4.6. Publication Bias. In order to explore whether there was
publication bias, we used Deeks funnel graph asymmetry to
test our data. Despite the asymmetry shown in Figure 1, the
results of this funnel diagram need to be studied due to the
limited number of the included studies. However, the Egger
test showed that P> 0.05 was not statistically significant,
which confirmed that there was no bias in this study
(Figure 7).

5. Discussion

In the current study, we included 27 studies and extracted
33 fourfold figures to make a systematic diagnosis of lym-
phatic tuberculosis by Xpert MTB/RIF. The results of the
evaluation showed that Xpert MTB/RIF had a sensitivity
of 0.79 (95% CI (0.77, 0.81)), a specificity of 0.88 (95% CI
(0.87, 0.90)), a PLR of 7.21 (95% CI (4.93, 10.55)), a NLR
of 0.25 (95% CI (0.19, 0.32)), and a DOR of 40.23 (95%
CI (24.53, 65.98)). At the same time, we also used the
extracted data to make the SROC curve and obtained the
following parameters: AUC of 0.9144 and Q of 0.8470
(SE=0.0163). The AUC was close to 1, which suggests a rel-
atively high overall accuracy of the study. Taken together, the
Xpert MTB/RIF technique has a better diagnostic effect for
lymphatic tuberculosis.
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Negative LR (95% CI)
Louis J. Ligthelm (a) 0.04 (0.01 - 0.26)
Louis J. Ligthelm (b) 0.04 (0.01 - 0.28)
Causse.M (a) 0.08 (0.02 - 0.39)
Vadwai.V (a) 0.31 (0.19 - 0.50)
Vadwai.V (b) 0.26 (0.17 - 0.39)
Armand.S (a) 0.60 (0.30 - 1.20)
Hillemann.D (a) 0.42 (0.20 - 0.91)
Zeka.A (a) 026  (0.09 - 0.72)
Zeka.A (b) 0.26 (0.12 - 0.59)
Malbruny.B (a) 0.07 (0.01 - 1.06)
Moure.R (a) 0.33 (0.19 - 0.60)
Tortoli.E (a) 0.18 (0.08 - 0.40)
Tortoli.E (b) 0.16 (0.08 - 0.35)
Van Rie. A (a) 0.08 (0.04 - 0.14)
Van Rie. A (b) 021  (0.16 - 0.28)
Yuria Ablanedo-Terrazas (a) 0.03 (0.00 - 0.48)
Biadglegne.F (a) 0.13 (0.05 - 0.39)
Coetzee.L (b) 0.22 (0.09 - 0.55)
Dhasmana.D.J (b) 0.35 (0.22 - 0.55)
Scott.L.E (a) 0.26 (0.11 - 0.62)
Asma Ghariani (a) 0.17 (0.11 - 0.28)
Tadesse.M (b) 0.15 (0.08 - 0.26)
Salvador.F (a) 1.14 (0.21 - 6.11)
Salvador.F (b) 0.39 (0.16 - 0.95)
Bholla.M (b) 0.45 (0.27 - 0.77)
Dhooria.S (b) 0.52 (0.40 - 0.68)
Suzana.S (a) 0.09 (0.01 - 0.58)
Suzana.S (b) 0.34 (0.23 - 0.50)
Nataraj.G (a) 0.24 (0.14 - 0.42)
Pandey. S (a) 0.13 (0.02 - 0.93)
Pandey.S (b) 1.13 (0.18 - 7.04)
Rebecca (a) 0.10 (0.01 - 0.63)
Perez-Risco (a) 0.09 (0.02 - 0.41)
Safaraz (a) 0.43 (0.30 - 0.60)
Jorstad.M.D. (b) 0.73 (0.56 - 0.96)

Random-effects model

Pooled negative LR = 0.25 (0.19 to 0.32)
Cochran-Q = 180.58; df = 34 (P = 0.0000)
Inconsistency (I%) = 81.2 %

Tau-squared = 0.3775

FIGURE 5: Forest plots for the combined negative LR of Xpert MTB/RIF.

Currently, M. tuberculosis culture is widely used as the
gold standard for the diagnosis of tuberculosis. However, this
technique has the disadvantage of being time-consuming
since it can take up to several weeks to confirm the results
[34, 35]. This approach also requires a cumbersome experi-
mental design, which leads to a lower detection rate, thus
making it a less preferable technique for early diagnosis of
M. tuberculosis. In contrast, Xpert MTB/RIF technology pro-
vides fast diagnostic results in less than 2 hours, which signif-
icantly increases the clinical efficiency of tuberculosis
diagnosis. At the same time, Xpert MTB/RIF is more porFi-
gure and widely used than M. tuberculosis culture, which is
difficult to perform in low-income countries. Its automation
features also reduce the requirements for medical personnel
[36]. The World Health Organization (WHO) approved this
technology in December 2010, which has been considered
the major advancement in global tuberculosis control. The

WHO believes it has the potential to revolutionize and
change the treatment and control of tuberculosis [5]. Besides,
in 2013, the WHO updated the policy to detect MTB from
cerebrospinal fluid, lymph nodes, and other inflammatory
cases by using the GeneXpert MTB/RIF test [37]. Because
of this, Xpert MTB/RIF is one of the preferred options for
the diagnosis of lymphatic tuberculosis.

Since Xpert MTB/RIF is prone to “error” in clinical appli-
cation, that is, it cannot be detected, we also extracted the
number of “error” in various studies during data extraction
(Table 1). Of the 27 studies we included, most recorded the
number of errors in lymph detection. The number of errors
in most studies is 0. Only two studies, although illustrating
the existence of the “error” situation, did not record the num-
ber of errors in lymph detection [14, 29]. In Gidado et al.’s
research [38], we learned that Xpert MTB/RIF detection
has five types of error causes: Type A: failure caused by



0.01 1 100.0

Diagnostic odds ratio

Louis J. Ligthelm (a)
Louis J. Ligthelm (b)
Causse.M (a)
Vadwai.V (a)
Vadwai.V (b)
Armand.S (a)
Hillemann.D (a)
Zeka.A (a)

Zeka.A (b)
Malbruny.B (a)
Moure.R (a)
Tortoli.E (a)
Tortoli.E (b)

Van Rie. A (a)
Van Rie. A (b)
Yuria Ablanedo-Terrazas (a)
Biadglegne.F (a)
Coetzee.L (b)
Dhasmana.D.J (b)
Scott.L.E (a)
Asma Ghariani (a)
Tadesse.M (b)
Salvador.F (a)
Salvador.F (b)
Bholla.M (b)
Dhooria.S (b)
Suzana.S (a)
Suzana.S (b)
Nataraj.G (a)
Pandey. S (a)
Pandey.S (b)
Rebecca (a)
Perez-Risco (a)
Safaraz (a)
Jorstad.M.D. (b)

Random-effects model

BioMed Research International

Diagnostic OR (95% CI)

232.00 (19.49 - 2,761.66)
149.33 (14.31 - 1,558.12)
1,551.00 (60.43 - 39,808.88)
19.92 (8.65 - 45.89)
351.65 (45.55 - 2,714.82)
5.00 (0.21 - 120.44)
26.00 (4.66 - 145.05)
18.33 (2.52 - 133.26)
57.00 (2.73 - 1,188.46)
455.00 (8.15 - 25,394.60)
21.00 (1.04 - 425.98)
102.00 (25.39 - 409.78)
886.09 (47.51 - 16,527.17)
103.95 (47.87 - 225.70)
27429 (65.23 - 1,153.37)
3,317.00 (63.20 - 174,088.20)
22.79 (6.67 - 77.88)
13.73 (3.95 - 47.72)
51.33 (13.37 - 197.14)
14.29 (4.11 - 49.65)
19.25 (7.46 - 49.68)
41.45 (14.95 - 114.94)
0.83 (0.08 - 8.24)

16.71 (0.68 - 409.10)
18.33 (4.15 - 80.96)
44.30 (9.88 - 198.69)
27.00 (3.32 - 219.34)
47.86 (2.67 - 857.13)
280.33 (34.04 - 2,308.33)
27.00 (1.26 - 578.36)
0.83 (0.05 - 13.63)

49.33 (5.65 - 430.42)
187.00 (6.86 - 5,099.86)
7.85 (4.24 - 14.55)

16.15 (0.85 - 308.15)

Pooled diagnostic odds ratio = 40.23 (24.53 to 65.98)
Cochran-Q = 99.82; df = 34 (P = 0.0000)

Inconsistency (I%) = 65.9 %
Tau-squared = 1.1849

FIGURE 6: Forest plots for the combined diagnostic OR of Xpert MTB/RIF.

unsuitable temperature, including dust accumulation and fan
failure; Type B: failure caused by human factors, including
unqualified specimens and excessive filling; Type C: kit fail-
ure, mostly due to improper storage of the kit; Type D: failure
caused by poor line connection, power supply fluctuations,
etc.; and Type E: machine failure caused by component fail-
ure or module failure.

The results show that the “error” situation often occurs in
the detection of extrapulmonary samples. Some researchers
pointed out that this situation may be due to the presence
of PCR inhibitors in the extrapulmonary samples, which pre-
vented the test from being performed [15]. In another study,
the researchers believed that the sample reagent buffer used
in the Xpert analysis was originally designed for liquefaction
of mucus-like sputum specimens, which may not be suitable
for a variety of extrapulmonary specimens, resulting in detec-
tion errors [33]. Obviously, for extrapulmonary samples, the

most common type of error is B. Operators should follow
protocol and national standard operating procedures (SOPs)
strictly to perform operations to minimize the occurrence of
errors [38].

During the analysis of the extracted data, we found that
the Xpert MTB/RIF test results and culture as the gold stan-
dard test results are very different in some studies. After
reviewing the 27 articles included in the analysis, we summa-
rized some of the main reasons. First, the culture method
needs to use the N-acetyl-L-cysteine and sodium hydroxide
method (NALC/NaOH) for digestion and purification of
the sample, which may result in the loss of live bacteria and
uneven distribution of bacteria in the sample, thus making
the culture test result negative [13, 14, 23]. Second, FNA is
used as a sample by many studies. If the needle used for aspi-
ration is not rinsed clearly, it will lead to an increase in the
positive rate of culture testing [3]. If the tuberculosis is
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tuberculosis.

purulent, a similar situation will occur [3, 12]. Third, Xpert
MTB/RIF obtains the detection results by detecting the rpoB
gene in M. tuberculosis. If M. tuberculosis in the sample has
rpoB gene defects, it cannot be detected, which will increase
the negative rate of Xpert MTB/RIF testing [33]. These cir-
cumstances may cause the detection results of the two
methods to be very different.

During this study, a related study was published [39],
whose author is Yu et al. Compared with Yu et al’s study,
all the literature included in our study were from four English
databases, which ensured higher data credibility. At the same
time, Yu et al.’s study was analyzed separately according to
the types of extracts, while we combined the data directly,
which may be affected by the type of samples, but also more
intuitively reflect the diagnostic efficacy of Xpert MTB/RIF
technology for lymphatic tuberculosis. This is also one of
the strengths of our article.

Our study also has some limitations. First of all, we
only extracted data from the published literature in the four
English databases, which may lead to defects in the com-
prehensiveness of this study. Secondly, although some of
the studies [19, 22, 31-33] adhere to the principle of rigor,
a large number of studies fail to repeat the tests on the
specimens at least one time due to various objective factors.
Lack of repeated tests may lead to inaccurate final analysis
results.

In summary, Xpert MTB/RIF is a highly sensitive and
highly specific method for diagnosing lymphatic tuberculo-
sis, which is of great value for the early diagnosis of lymphatic
tuberculosis. It can reduce treatment time and the use of anti-
biotics, reduce the suffering of patients, and save their lives.
In the future, this technology could become the optimal aux-
iliary diagnostic method for tuberculosis.

6. Conclusions

In conclusion, Xpert MTB/RIF is highly sensitive and specific
for the diagnosis of lymphoid tuberculosis, and it also has the
advantages of convenience, simple and fast operation, and a
good economy. Xpert MTB/RIF can be used as a routine
detection method for lymphoid tuberculosis in the early clin-
ical stage.
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