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Background: Since research on disease biomarkers of tuberculosis (TB) and latent tuberculosis infection 
(LTBI) provides hope for simple point-of-care testing, we aim to summarize and analyze the evidence for 
the clinical relevance of IFN-γ-inducible protein 10 (IP-10) and IFN-γ/interleukin 2 (IL-2) as diagnostic 
biomarkers for TB.
Methods: The search terms tuberculosis, tuberculous pleurisy, pulmonary tuberculosis, latent tuberculosis 
infection, biomarkers, markers, IFN-γ-inducible protein 10, IP-10, interleukin 2, and IL-2 were used to 
search the PubMed, Cochrane Central Register of Controlled Trials, EMBASE, Web of Science, China 
National Knowledge Infrastructure (CNKI), Wanfang, and Weipu databases. The retrieval time was from 
the establishment of the database to September 2021. The Cochrane risk of bias tool was used to evaluate 
the quality of the included studies, and the meta-analysis was performed using RevMan 5.20.
Results: A total of 9 articles were included for meta-analysis. The quality assessment showed that the 
overall quality of the included articles was met the requirements. The results showed that the overall 
sensitivity and specificity of IP-10 were 0.77 (95% CI, 0.71–0.82) and 0.84 (95% CI, 0.80–0.88), respectively. 
The overall sensitivity and specificity of IL-2 were 0.82 (95% CI, 0.74–0.89) and 0.95 (95% CI, 0.88–0.98), 
respectively. The areas under the curves (AUCs) of the IP-10 and IL-2 summary receiver operating 
characteristic (SROC) curves were 0.8592 and 0.9666, respectively.
Discussion: The results of this systematic review and meta-analysis showed that IP-10 and IL-2 as 
biomarkers have good clinical relevance to TB and can be used for the clinical screening of high-risk TB 
populations. However, a prospective cohort study across multiple regions using a large sample size should 
also be conducted.
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Introduction

Tuberculosis (TB) kills 4,000 people every day all over the 
world (1,2). The World Health Organization (WHO) and 
researchers in this field are still looking for solutions that 
can control and prevent TB. Because TB occurs more often 
in young adults, this disease has caused significant economic 
and medical problems. In 2014, the WHO approved a new 
strategy with the goal of ending the global TB epidemic and 
eliminating TB by 2035 (3-5). This requires a reduction in 
the incidence of TB per 100,000 people to less than 10 in 
order to achieve this goal (6,7). Therefore, the discovery, 
development, and rapid implementation of new diagnostic 
tools have been identified as an important part of the 
WHO’s strategy to end TB (4,7,8).

The 2 major strategies for TB control are the early 
diagnosis and treatment of patients with active TB and 
preventive treatment of latent tuberculosis infection (LTBI) 
(9-11). One of the first challenges for TB control is accurate 
diagnosis (12). The gold standard for tuberculosis diagnosis 
is mainly to find Mycobacterium tuberculosis in sputum 
or during culture, but this is not easy to implement. Until 
now, the tuberculin skin test (TST) has been the traditional 
method used to detect LTBI (13). Although it is fast and 
cheap, TST has low specificity (14). Furthermore, the 
technology has some limitations, such as low sensitivity 
in immunodeficiency patients, the need for return visits, 
variation between readers, and compatibility with bacille 
calmette-guerin (BCG) vaccines and non-TB strains. 
Cross-reaction with NTM results in false positive results 
(9,15,16). In addition, studies have shown that about 
10% of LTBI patients may develop active TB infection in 
their lifetime (9,13,15), and this proportion will increase 
in immunocompromised patients, such as HIV-positive 
individuals and organ transplant patients with cell-mediated 
immune damage (17).

Recent studies have shown that the combined use of 
alternative cytokines and IFN-γ may increase the sensitivity 
of interferon gamma (IFN-γ) release assays (IGRAs) (18). 
IFN-γ-inducible protein 10 (IP-10) has been identified as 
a sensitive marker for detecting previous M. tuberculosis 
infection in children and adults (18). Although IGRAs 
cannot distinguish between TB and LTBI in children  
(19,20), recent studies have found that a modified IGRA 
based on the simultaneous analysis of a series of different 
markers may be more effective. These studies have 
identified a variety of cytokine combinations, such as 
IFN-γ/interleukin (IL)-2, IL-17/IL-10, IL-15/monocyte 
chemotactic protein (MCP1), tumor necrosis factor alpha 

(TNF-α)/IL-2 (9,21-24), and even more complex T cell 
effector molecular patterns (25), which are used as possible 
biomarkers to distinguish between TB and LTBI in adults 
and children.

Therefore, the purpose of this systematic review is 
to evaluate the potential value of IP-10 as a marker for 
distinguishing TB patients and healthy people, and to 
evaluate the value of IL-2 as a marker for distinguishing 
LTBI patients and healthy people, with a view to determine 
the clinical value of the combined use of these biomarkers 
for the diagnosis of TB and LTBI. We present the following 
article in accordance with the PRISMA-DTA reporting 
checklist (available at https://apm.amegroups.com/article/
view/10.21037/apm-21-3739/rc).

Methods

Search strategy

According to the aim of the study, we analyzed the clinical 
correlation between IP-10 and IL-2 biomarkers and TB. 
Literature searches were conducted using the English 
biomedical databases PubMed, Cochrane Central Register 
of Controlled Trials, EMBASE, and Web of Science, and 
the major Chinese biomedical databases CNKI, Wanfang, 
and Weipu. The following search terms were used to search 
the databases: tuberculosis, tuberculous pleurisy, pulmonary 
tuberculosis, latent tuberculosis infection, biomarkers, 
markers, IFN-γ-inducible protein 10, IP-10, interleukin 2,  
and IL-2. The language was limited to Chinese and 
English. The retrieval time was from the establishment of 
the database to September 2021.

Inclusion and exclusion criteria

Studies were included based on the following criteria: 
studies on humans or human biological samples; studies 
using IP-10, IL-2 or IP-10, and IL-2 to diagnose or screen 
TB; studies published in Chinese and English. Studies were 
excluded based on the following criteria: elderly population; 
patients had other serious diseases that affect the body’s 
immunity; index tests that required imaging techniques or 
bacterial culture detection. 

Literature screening and data extraction

Two reviewers independently evaluated the titles and 
abstracts of the articles to determine whether they were 
eligible to be selected for the study. If either reviewer 

https://apm.amegroups.com/article/view/10.21037/apm-21-3739/rc
https://apm.amegroups.com/article/view/10.21037/apm-21-3739/rc
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believed that the article met the criteria, the full texts 
would be reviewed. If there was a disagreement about 
the eligibility of the article, the 2 reviewers would discuss 
whether the eligibility of the article could be agreed upon. 
If the discussion failed to reach a consensus, a third reviewer 
would be used for the decision. If additional information on 
the article was required, the reviewers contacted the author 
of the article. The data was also independently extracted 
by the 2 reviewers in accordance with pre-established data 
tables. Data including author name, country, publication 
time, journal name, and biomarker were extracted.

Quality assessment

The included articles were evaluated for quality, and the 
scope of the evaluation included patient selection, index 
testing, reference standards, flow, and time. Each indicator 
was evaluated based on the risk of bias, and the first  
3 indicators were evaluated based on applicability issues. Each 
methodological quality was rated as “low risk”, “high risk”, or 
“unclear”. The Quality Assessment of Diagnostic Accuracy 
Studies-2 (QUADAS-2) recommended by the Cochrane 
Collaboration was used to assess the methodological quality 
of the research. Two reviewers carried out the above process 
separately, and if there was any difference, it would be 
discussed and resolved by the 2 reviewers.

Statistical analysis

The sensitivity, specificity, positive likelihood ratio (PLR), 
negative likelihood ratio (NLR), diagnostic odds ratio 
(DOR), and area under the receiver operating characteristic 
(ROC) curves (AUC) with their 95% confidence intervals 
(CIs) for each individual study of IP-10 and IL-2 were 
calculated for TB, according to the main outcome indicators 
extracted from the enrolled studies. The hierarchical logistic 
regression model was used to calculate general estimates of 
the sensitivity and specificity of the enrolled study, including 
the hierarchical summary receiver operating characteristic 
(SROC) model. SROC curves with 95% CIs and prediction 
regions were used to map the results for sensitivity and 
specificity. The Chi-square test and Higgins I2 test were used 
to assess the heterogeneity of the included studies. PLR, 
NLR, and DOR were calculated by the bivariate generalized 
linear mixed model and the random effects model, and the 
sensitivity analysis was performed according to the Cochrane 
systematic review method. All analyses were performed by 
Stata 15.0 (StataCorp LLC, College Station, TX, USA) and 

RevMan 5.20 software (Cochrane Collaboration), and a P 
value of <0.05 was considered statistically significant.

Results

Search results and study characteristics

The literature search yielded 549 records. After screening 
out 59 records, 490 records were obtained. Subsequently, 
121 low-quality records were excluded again, and  
369 records were retrieved to obtain 282 articles, including 
204 English articles and 78 Chinese articles. After reading 
through the full texts and selecting articles according to the 
inclusion criteria, while excluding articles that did not meet 
the criteria and those with incomplete data, 9 articles were 
finally obtained. The specific screening process is shown in 
Figure 1.

Among the 9 articles used for analysis, 6 studies reported 
on the clinical relevance of IP-10 as a biomarker for TB. 
The subjects of the study were TB patients and healthy 
controls. Five studies reported the clinical relevance of 
IL-2 as a biomarker of LTBI. The subjects of the study 
were LTBI patients and healthy controls. The basic 
characteristics of the articles are shown in Table 1.

After rigorous quality and risk of bias assessments, it 
was found that for patient selection bias, 8 articles were 
described as low risk and 1 article was described as unclear 
risk. In terms of research index test bias, 4 articles were 
described as low risk while the risk in 5 articles was not 
described. All articles were considered low risk for reference 
standard bias. In terms of flow and time bias, 8 articles 
were described as low risk while the risk in 1 article was not 
described. Regarding the risk of applicability bias, patient 
selection bias, and reference standard bias, all articles were 
considered low risk. Index test bias was described as low risk 
in 8 articles, while the risk in 1 article was not described, as 
shown in Figure 2.

Meta-analysis results

Overall analyses of IP-10
The results of the meta-analysis showed that the sensitivity 
of the clinical correlation between IP-10 and TB was 
I2=76.0%, there is obvious heterogeneity. So, the combined 
analysis was performed using a random effects model, 
and the pooled sensitivity was 0.77 (95% CI, 0.71–0.82) 
(Figure 3). The specificity I2 was 92.3%, indicating obvious 
heterogeneity and the random effects model was used for 
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combined analysis. The pooled specificity was 0.84 (95% 
CI, 0.80–0.88) (Figure 4). The SROC curve showed higher 
accuracy (SAUC =0.8592) (Figure 5). The closer the AUC 
of the SROC curve is to 1.0, the stronger the clinical 
correlation between IP-10 and TB.

The PLR is the probability of the correctly diagnosed 
disease and the incorrectly diagnosed disease in the 
diagnostic auxiliary examination, that is, the ratio of the 
positive rate of the diagnosed disease to the false positive 
rate. Therefore, in this study, the greater the PLR, the 

Records removed before screening:
• Duplicate records removed (n=37)
• Records marked as ineligible by automation 
tools (n=0)
• Records removed for other reasons (n=22)

Records identified from the database 
PubMed, EMBASE, Web of Science, 
Cochrane Library, CNKI, Wanfang, Weipu:
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Records screened 
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Studies included in review 
(n=9)

Reports of included studies 
(n=9)

Records excluded due to low quality  
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Figure 1 Flow diagram of the search, screening, and inclusion process.

Table 1 Basic characteristics of the studies

Author Country Year Journal Biomarker Population

Balcells et al. (26) Chile 2018 Tuberculosis (Edinb) IP-10/IL-2 TB/LTBI/HC

Luo et al. (27) China 2019 J Infect IP-10 TB/HC

Kamakia et al. (28) Kenya 2017 Int J Tuberc Lung Dis IL-2 LTBI/HC

La Manna et al. (29) Italy 2018 PLoS One IP-10/IL-2 TB/LTBI/HC

Blauenfeldt et al. (30) Denmark 2016 Tuberculosis (Edinb) IP-10 TB/HC

Mamishi et al. (31) Iran 2019 Mol Biol Rep IP-10 TB/HC

Nausch et al. (32) Germany 2017 Int J Tuberc Lung Dis IL-2 LTBI/HC

Nonghanphithak et al. (33) Thailand 2017 Tuberculosis (Edinb) IP-10 TB/HC

Wang et al. (34) China 2018 J Transl Med IL-2 LTBI/HC

TB, tuberculosis; LTBI, latent tuberculosis infection; HC, healthy controls; IP-10, IFN-γ-inducible protein 10; IL-2, interleukin 2.
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greater the clinical correlation between IP-10 and TB. 
The I2 was 90.6%, so there is obvious heterogeneity and 
the random effects model was used for combined analysis. 
The analysis results showed that the aggregated PLR of 
the clinical correlation between IP-10 and TB was 4.53 
(95% CI, 1.92–10.70), indicating that the clinical relevance 
between IP-10 and TB was not high, as shown in Figure 6.

The NLR is the probability of incorrectly diagnosing a 

negative disease, as the multiple of the negative probability 
of correctly diagnosing the disease, that is, the ratio of the 
ratio of false negative rate and true negative rate of the 
screening results. Therefore, in this study, the smaller the 
NLR, the higher the correlation between IP-10 and TB. 
The I2 was 81.8%, there is obvious heterogeneity, and the 
NLR determined by the random effects model was 0.30 
(95% CI, 0.17–0.52), indicating that IP-10 is more accurate 
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Figure 2 Literature quality evaluation details.

0              0.2             0.4             0.6            0.8               1
Sensitivity

Blauenfeldt
Luo
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Balcells
Nonghanphithak
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(0.70–0.90)
(0.73–0.94)
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Pooled sensitivity =0.77 (0.71 to 0.82)
Chi-square =20.87; df =5 (P=0.0009)
Inconsistency (l-square) =76.0%

Sensitivity (95% CI)

Figure 3 Forest plot of the sensitivities of the 6 studies for the analysis of IP-10 as a biomarker of TB. Statistical method: inverse variance of 
the random effects model. CI, confidence interval; TB, tuberculosis; IP-10, IFN-γ-inducible protein 10.
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in the screening of TB, as shown in Figure 7.
The DOR reflects the closeness of the relationship 

between the diagnostic test results and the corresponding 
disease. The higher the DOR, the greater the likelihood of 
the disease being diagnosed through screening tests. The I2 
was 79.5%, there is obvious heterogeneity, and the random 
effects model showed that the combined DOR of IP-10 for 
TB diagnosis was 16.35 (95% CI, 5.56–48.11), as shown in 
Figure 8.

Overall analyses of IL-2
The results of the meta-analysis showed that the sensitivity I2 

of the clinical correlation between IL-2 and TB was 66.2%, 
so the random effects model was used for the combined 
analysis. The pooled sensitivity was 0.82 (95% CI, 0.74–0.89) 
(Figure 9). The specificity I2 was 0.0%, and the fixed effects 
model was used for binding analysis. The pooled specificity 
was 0.95 (95% CI, 0.88–0.98) (Figure 10). The SROC curve 
showed higher accuracy (SAUC =0.9666) (Figure 11). The 
closer the AUC of the SROC curve is to 1.0, the stronger 
the clinical correlation between IL-2 and TB.

The PLR is the multiple of the correctly diagnosed 
disease and the incorrectly diagnosed disease in the 
diagnostic auxiliary examination. Therefore, in this study, 
the greater the PLR, the greater the clinical correlation 
between IL-2 and TB. The I2 was 0.0%, so the fixed effects 
model was used for combined analysis. The analysis results 
showed that the aggregate PLR of the clinical correlation 
between IL-2 and TB was 12.63 (95% CI, 5.78–27.64), 
indicating that the clinical relevance of IL-2 for TB was 
higher, as shown in Figure 12.

The NLR is the multiple of the probability of incorrectly 
diagnosing a negative disease, as the multiple of the 
negative probability of correctly diagnosing the disease. 
Therefore, in this study, the smaller the NLR, the higher 
the correlation between IL-2 and TB. The I2 was 38.3%, 
and the NLR determined by the fixed effects model was 0.20 
(95% CI, 0.14–0.30), indicating that IL-2 is more accurate 
in the screening of TB, as shown in Figure 13.

The DOR reflects the closeness of the relationship 
between the diagnostic test results and the corresponding 
disease. The higher the DOR, the greater the likelihood of 
the disease being diagnosed through screening tests. The 
I2 was 0.0%, and the fixed effects model showed that the 
combined DOR of IL-2 for TB diagnosis was 67.71 (95% 
CI, 25.08–182.79), as shown in Figure 14.
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Figure 4 Forest plot of the specificities of the 6 studies for the analysis of IP-10 as a biomarker of TB. Statistical method: inverse variance of 
the random effects model. CI, confidence interval; TB, tuberculosis; IP-10, IFN-γ-inducible protein 10.
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error; IP-10, IFN-γ-inducible protein 10.
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Risk of bias
The quality assessment found that in terms of patient 
selection bias, 8 articles were low risk (26-28,30-34) and  
1 article had unclear risk (29). In terms of research index test 
bias, 4 articles were low risk (26,29,30,34) and 5 articles had 
unclear risk (27,28,31-33). All articles on reference standard 

bias were low risk. In terms of flow and time bias, 8 articles 
were low risk (26-28,30-34) and 1 article had unclear risk (29). 
Regarding the risk of applicability bias, patient selection 
bias, and reference standard bias, all articles were low risk. 
Index test bias was low risk in 8 articles (26,28-34), while the 
risk in 1 article was unclear (27), as shown in Figure 15.
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Tau-squared =0.9842
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Figure 6 Forest plot of the positive LR for the clinical correlation between IP-10 and tuberculosis. Statistical method: inverse variance of 
the random effects model (LR and 95% CI). LR, likelihood ratio; IP-10, IFN-γ-inducible protein 10; CI, confidence interval.
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Figure 7 Forest plot of the negative LR for the clinical correlation between IP-10 and tuberculosis. Statistical method: inverse variance of 
the random effects model (LR and 95% CI). LR, likelihood ratio; IP-10, IFN-γ-inducible protein 10; CI, confidence interval.
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Figure 8 Forest plot of the diagnostic odds ratio for IP-10 in the diagnosis of tuberculosis. Statistical method: inverse variance of the 
random effects model (diagnostic odds ratio and 95% CI). IP-10, IFN-γ-inducible protein 10; CI, confidence interval.
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Discussion

In recent years, there has been a trend of recurrence 
of TB outbreaks. The prevalence of drug-resistant TB 
and the emergence of co-infection with TB have made 
this trend more serious. Therefore, there is an urgent 
need for effective and rapid diagnostic methods to detect 
TB infection and further distinguish active disease and 
LTBI. There is also a need for effective standard anti-
TB chemotherapies for active TB patients and preventive 
treatment for LTBI. In this study, we investigated the 
application of TB-related markers IP-10 and IL-2 for the 
diagnosis of TB. We also preliminarily speculated that the 
combined application of the two may be used to distinguish 
active TB, LTBI, and healthy people.

Accurate diagnosis methods for TB patients and accurate 
prediction tests determining which LTBI patients will 
develop TB will ensure that preventive treatment can target 
those who are at increased risk of TB, while saving those 
with the lowest risk from costs, burden, and the impact of 

0              0.2             0.4             0.6            0.8              1
Sensitivity

0.85
0.68
0.74
0.93
1.00

(0.69–0.95)
(0.45–0.86)
(0.55–0.88)
(0.68–1.00)
(0.79–1.00)

Wang
Balcells
La Manna
Nausch
Kamakia

Pooled sensitivity =0.82 (0.74 to 0.89)
Chi-square =11.85; df =4 (P=0.0185)
Inconsistency (l-square) =66.2%

Sensitivity (95% CI)

Figure 9 Forest plot of the sensitivities of the 5 studies for the analysis of IL-2 as a biomarker of TB. Statistical method: inverse variance of 
the random effects model. IL-2, interleukin 2; TB, tuberculosis; CI, confidence interval.
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side effects from unnecessary intervention. Current tests 
for TB infection, including IGRAs and TSTs, have poor 
predictive ability due to their low specificity for new TB. 
Furthermore, they are not cost-effective for treating the 
approximately 2 billion people potentially infected with 
TB worldwide, so preventive treatment with more specific 
biomarkers may be a more feasible alternative (24,35). 
Predictive testing can be used for large-scale TB screening 
activities or contact investigations at the community level, 
but it may also be useful for symptomatic individuals who 
have been investigated but have not been found to have 
active TB at the time of testing.

In this study, it was found that the inflammatory factors 
IP-10 and IL-2 have high diagnostic value for TB. Although 
the amount secreted after being stimulated by TB antigens 
cannot distinguish between active TB and LTBI, they have a 
higher positive rate of diagnosis, and the combination of IP-
10 and IL-2 can play a complementary role. The diagnostic 
value of IP-10 and IL-2 is consistent with the results of 

other studies, and related studies have found a significant 
increase in TB pleurisy patients and positive responders 
(36,37). IP-10 alone can differentiate and diagnose 
TB patients and healthy people, while IL-2 has a good 
differential diagnosis ability for healthy people and LTBI 
patients, they may be good biomarkers for tuberculosis. At 
the same time, it can be seen from the analysis results that 
the sensitivity, specificity, and AUCs were different, and the 
diagnostic ability of the 2 markers in the same population 
should be further analyzed in the future.

Our systematic review has some limitations. Publication 
bias was not evaluated, and existing methods such as funnel 
plots or regression tests are not helpful for diagnostic 
accuracy studies. In addition, few biomarkers (only  
IP-10 and IL-2) were included in the study, and the number 
of articles included in the study was small, it suggests that IP-
10 and IL-2 are still lacking in popularization and application. 
In the future, large-sample, multi-center controlled studies 
should be conducted to more comprehensively evaluate the 
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clinical relevance of TB biomarkers.

Conclusions

In summary, the results of this systematic review showed 
that although IP-10 and IL-2 as biomarkers have good 
clinical relevance to TB, more attention needs to be paid to 
improving the research design and quality of TB biomarker 
studies. In addition, such studies should be multi-center 
studies conducted in different geographic locations and 
populations, so that diagnostic or classification tests can be 
applied in multiple settings worldwide. Another method is 
to use a prospective cohort to conduct parallel diagnostic 
accuracy studies to compare the performance of different 
classifications or diagnostic tests. This will improve the 
reliability of the results and the potential for translating 
research results into clinical practice.
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