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HIV-infected individuals are susceptible to Mycobacterium tuberculosis (M.tb)

infection and are at high risk of developing active tuberculosis (TB). Interferon-

gamma release assays (IGRAs) are auxiliary tools in the diagnosis of TB. However,

the performance of IGRAs in HIV-infected individuals is suboptimal, which limits

clinical application. Interferon-inducible protein 10 (IP-10) is an alternative

biomarker for identifying M.tb infection due to its high expression after

stimulation with M.tb antigens. However, whether IP-10 mRNA constitutes a

target for the diagnosis of TB in HIV-infected individuals is unknown. Thus, we

prospectively enrolled HIV-infected patients with suspected active TB from five

hospitals between May 2021 and May 2022, and performed the IGRA test (QFT-

GIT) alongside the IP-10 mRNA release assay on peripheral blood. Of the 216

participants, 152 TB patients and 48 non-TB patients with a conclusive diagnosis

were included in the final analysis. The number of indeterminate results of IP-10

mRNA release assay (13/200, 6.5%) was significantly lower than that of the QFT-

GIT test (42/200, 21.0%) (P = 0.000026). IP-10 mRNA release assay had a

sensitivity of 65.3% (95%CI 55.9% – 73.8%) and a specificity of 74.2% (95%CI

55.4% – 88.1%), respectively; while the QFT-GIT test had a sensitivity of 43.2%

(95%CI 34.1% – 52.7%) and a specificity of 87.1% (95%CI 70.2% – 96.4%),

respectively. The sensitivity of the IP-10 mRNA release assay was significantly

higher than that of QFT-GIT test (P = 0.00062), while no significant difference

was detected between the specificities of these two tests (P = 0.198). The IP-10

mRNA release assay showed a lower dependence on CD4+ T cells than that of

QFT-GIT test. This was evidenced by the fact that the QFT-GIT test had a higher

number of indeterminate results and a lower sensitivity when the CD4+ T cells

counts were decreased (P < 0.05), while no significant difference in the number

of indeterminate results and sensitivity were observed for the IP-10 mRNA

release assay among HIV-infected individuals with varied CD4+T cells counts
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(P > 0.05). Therefore, our study suggested that M.tb specific IP-10 mRNA is a

better biomarker for diagnosis of TB in HIV-infected individuals.
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Introduction

Tuberculosis (TB) is an infectious disease caused by

Mycobacterium tuberculosis (M.tb) and seriously threatens human

health, with an estimated 10.6 million new cases and 1.6 million

deaths occurring worldwide in 2021 (WHO, 2022). However, only

63% of patients with TB were bacteriologically-confirmed.

Furthermore, the diagnosis of TB is particularly difficult among

HIV co-infected individuals (Scott et al., 2017; MacLean et al.,

2019). Although interferon-gamma release assays (IGRAs) have

been considered as a useful method for diagnosis of M.tb infection

and an auxiliary method for diagnosis of active TB (Gao et al., 2015;

Getahun et al., 2015), the sensitivity of IGRAs is reduced among

immunocompromised individuals (Jung et al., 2012; Pan et al.,

2015), including HIV-infected patients, which limits the clinical

application of this methodology (Cattamanchi et al., 2011; Metcalfe

et al., 2011; Santin et al., 2012). HIV-positive persons are

particularly susceptible to M.tb infection, with an infection rate 2

–5 times higher than that of HIV-negative people (Mhango et al.,

2021). Furthermore, the risk of developing active TB is 20 – 30 times

higher for HIV and M.tb co-infection individuals than for those

infected with M.tb alone. Consequently, the mortality of TB/HIV

co-infected patients is also higher than that of patients with TB

alone (Bell and Noursadeghi, 2018; Ignatius and Swindells, 2020).

Furthermore, WHO has recommended to identify TB cases among

high risk populations, such as HIV-infected individuals (WHO,

2023). Therefore, more sensitive and rapid test should be developed

for the diagnosis of TB in HIV-infected individuals.

Many studies have identified an alternative biomarker for TB,

namely the interferon-gamma induced protein 10 (IP-10) (Ruhwald

et al., 2011; Kumar et al., 2021; Ortakoylu et al., 2022; Uzorka et al.,

2022). IP-10 is expressed at a higher level than IFN-g in the

peripheral blood after exposure to M.tb-specific antigens (Lu

et al., 2011; Ruhwald et al., 2012). Meta-analyses have shown that

IP-10 detection has a sensitivity of 86% (95%CI = 80%–90%) and a

specificity of 88% (95%CI = 82%–92%) in the diagnosis of active TB

(Qiu et al., 2019b), and a sensitivity of 85% (95%CI = 80%–88%)

and a specificity of 89% (95%CI = 84%–92%) in the diagnosis of

M.tb infection, respectively (Qiu et al., 2019a). However, these

studies have used IP-10 protein as the target, which is not

detected unless the peripheral blood is stimulated overnight (18-

20h) with M.tb antigens. This leads to the delayed reporting of

diagnostic results. In contrast, the expression of IP-10mRNA can be

up-regulated by about one hundred times within 2.5-8h of M.tb-

specific antigen stimulation (Blauenfeldt et al., 2014). Although the
02
sample sized was not large, recent study has showed that elevated

IP-10 at the mRNA level was also associated with pulmonary TB

(Fisher et al., 2022). Thus, the development of novel diagnostic

technologies, using IP-10mRNA as a target, may improve the speed

and diagnostic sensitivity of TB testing. Such a methodology may

also be more suitable for clinical use.

Our previous study has confirmed that the IP-10 mRNA can be

effectively used as a target for the diagnosis of M.tb infection in

HIV-infected individuals, as evidenced by its higher sensitivity and

lower indeterminate rate of the detection (Pan et al., 2021; Pan et al.,

2022). However, whether it can be used as an auxiliary method for

diagnosis of TB, should also be validated in a larger cohort. Herein,

we prospectively enrolled suspected TB patients with HIV infection,

and evaluated the performance of M.tb-specific IP-10 mRNA

release assay for TB diagnosis.
Materials and methods

Ethical approval

This study was performed in accordance with the guidelines of

the Helsinki Declaration and was approved by the Ethics

Committee of the Shanghai Public Health Clinical Center (Ethical

approval number: 2020-S213-03). Written informed consents were

obtained from each participant before blood collection.
Study design and participants

This multicenter, prospective study was performed across five

hospitals in China, including the Shanghai Public Health Clinical

Center (Eastern), the Beijing Chest Hospital (Eastern), the Beijing

Youan Hospital (Eastern), the Gansu Provincial Infectious Disease

Hospital (Western) and the Eighth Affiliated Hospital, Xinjiang

Medical University (Western). According to the positive rate of IP-

10 mRNA release assay (92.9%) and IGRA (61.5%) among HIV-

coinfected patients in our previous study (Pan et al., 2022), we

performed sample size calculation and the final minimum sample

size of TB/HIV co-infected patients was 143. Therefore, we

prospectively and continuously recruited the suspected HIV/TB

co-infected patients from the five participating hospitals and ended

when the HIV/TB co-infected patients in case group was enough,

between May 2021 and May 2022. The IP-10 mRNA release assay

and QuantiFERON-TB gold In-Tube (QFT-GIT) assay were then
frontiersin.org
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performed in parallel using peripheral blood collected from each

participant. The clinicians were blinded to the laboratory test results

before the end of the clinical trial enrollment, while the laboratory

technicians were blinded to the diagnosis of the patients throughout

the study. Furthermore, the laboratory technicians who performed

the IP-10 mRNA release assay were unaware of QFT-GIT results,

and vice versa.
Categorization of participants

The final diagnosis was based on clinical manifestations,

biochemical examinations, and the histopathological, radiological,

microbiological and nucleic acid amplification information. All

participants were followed up for at least 6 months to monitor

whether there were changes in their diagnosis. HIV infection was

defined according to the national guidelines (AIDS and Hepatitis

Group of Infectious Diseases et al., 2018). Patients were categorized as

having: (1) Definite TB: patients who had a positive M.tb culture, or

positive Xpert MTB/RIF, microscopy, or histology results.

(2) Probable TB: patients who had clinical and radiological

evidences of TB, and presented well response to anti-TB treatment,

but lacked microbiological, histopathological or nucleic acid

amplification evidence of M.tb infection. (3) Non-TB patients:

patients who has no history of TB or previous known exposure with

TB, and were initially suspected of having active TB, but ended up not

having active TB, due to either an alternative diagnosis was made or

clinical improvement occurred without recent anti-TB therapy.
Blood collection

A total of 10 mL of peripheral blood was collected in

heparin-containing vacutainer tubes from each participant, and

the IP-10 mRNA release assay and QFT-GIT test were

subsequently performed.
The IP-10 mRNA release assay

The commercial IP-10 mRNA release assay was performed

according to the instructions of the manufacturer, using the

following kits: the kit for blood incubation and RNA extraction

(CLR001A48, InnowaveDx Co.,Ltd, Suzhou, China) and the kit for

reverse transcription (RT) and qPCR testing (CLR002A48,

InnowaveDx Co.,Ltd, Suzhou, China), Briefly, the blood was

divided into 3 tubes (1.5mL per tube): (i) one tube was coated

with M.tb-specific peptides (ESAT6, CFP-10 and PPE68); (ii) one

tube was coated with phytohemagglutinins (PHA) as a positive

control; (iii) one tube had no antigen coating and was used as a

negative control (Nil). The tubes were then incubated immediately

for 4–6h at 37°C and the RNA was automatically extracted from the

incubated whole blood in a 100 mL volume. A total of 10 mL RNA

and 10 mL RT solution (composed of buffer and the reverse

transcriptase) were mixed and reverse transcribed to cDNA using

the following conditions: 50°C for 20 min and 85°C for 2 min. RNA
Frontiers in Cellular and Infection Microbiology 03
extraction and RT were performed using the automatic nucleic acid

extraction and detection system Innovo-100 (InnowaveDx Co.,Ltd,

Suzhou, China). All the commercial reagents and kits for RNA

extraction and RT were compatible with the instrument used. A

total of 10 mL cDNA was then mixed with 15 mL quantitative real-

time PCR (qPCR) mix (including enzyme, buffer and probe). qPCR

was performed on the ABI 7500 Real-time PCR System (Thermo

Fisher Scientific, Waltham, MA, USA) using the following

conditions: 50°C for 2 min, 95°C for 2 min, and then 40 cycles of

95°C for 10 s and 60°C for 30 s. The cycle threshold (CT) for the

target gene (IP-10, Gene ID: 3627) and housekeeping gene

(CHMP2A, Gene ID: 27243) detector was automatically

determined. DCT (the CT value for the target gene minus the CT

value for the housekeeping gene) was calculated and used to

determine relative gene expression as previously described

(Schmittgen and Livak, 2008). The relative amount of IP-10

mRNA in each tube (with or without antigens) was calculated

separately. The test results were classified as indeterminate,

negative, or positive according to the previously published criteria

(Pan et al., 2022). Briefly, the test result was positive if the relative

amount of IP-10 mRNA (DCT) in M.tb antigen tube minus that in

Nil control tube was ≤ -1.04; the test result was negative if the DCT
value in M.tb antigen tube minus that in Nil control tube was

> -1.04 and the DCT value in mitogen tube minus that in Nil control

tube was ≤ -1.2; and ‘indeterminate’ was defined as that the DCT
value in M.tb antigen tube minus that in Nil control tube was

> -1.04 and the DCT value in mitogen tube minus that in Nil control

tube was > -1.2.
The QFT-GIT test

The QFT-GIT test (QIAGEN, German) was performed in

accordance with the manufacturer’s instructions. Briefly, the

peripheral blood was divided into 3 tubes (1mL per tube): (i) one

tube coated with M.tb-specific peptides (ESAT-6, CFP-10 and TB

7.7); (ii) one tube coated with the mitogen as a positive control; (iii)

one tube without antigen as a negative control (Nil). The tubes were

shaken about 10 times to ensure that the blood properly mixed with

entire content of the tube, and then they were incubated

immediately for 16–24h at 37°C. After centrifugation at 3000 × g

for 15 min, the plasma IFN-g concentration was measured

immediately by ELISA according to the instructions. The test

results were classified as indeterminate, negative, or positive

according to the previously published criteria (Wu et al., 2018).
Statistical analysis

Sample size calculation was performed using PASS software,

version 11 (NCSS, LLC. Kaysville, Utah, USA), the parameters were

set as follow: type I error (a) was 0.05, permissible error (1-b) was
0.08 and the positive rate of the tests was estimated as 61.5% as

previous study (Pan et al., 2022). Data analysis was performed using

SPSS for Windows, version 21 (SPSS, Inc). Categorical variables

were compared by Pearson’s Chi-square test or Fisher’s exact test
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(when any of the sample size in the 2×2 contingency table is less

than 5), while continuous variables were compared by the Student’s

t-test (parametric test for analyzing the continuous variables with

normal distribution) or Mann-Whitney U-test (Non-parametric

test for analyzing the continuous variables without normal

distribution), as appropriate. Receiver operating characteristic

(ROC) curves were constructed to obtain the area under the

curve (AUC) and evaluate the diagnostic value of each assay. The

sensitivity and specificity of each test were also calculated to

evaluate diagnostic performance. Concordance between the IP-10

mRNA release assay and QFT-GIT assay was calculated using the

Cohen’s kappa test. The criterion for statistical significance was

P < 0.05.
Results

Demographic characteristics
of participants

A total of 216 suspected TB patients with HIV infection were

prospectively enrolled from five hospitals in China (Figure 1).

According to their final diagnosis and a further 6-months follow-

up, 81 definite TB patients with HIV infection, 71 probable TB

patients with HIV infection and 48 non-TB patients with HIV

infection were included in the analysis. Other 16 patients were

excluded, including 12 patients who had inconclusive diagnosis, 2

patients were enrolled twice and 2 patients who had invalid
Frontiers in Cellular and Infection Microbiology 04
peripheral blood samples. No significant differences were detected

in age (P = 0.081) and gender (P = 0.056) between the TB group and

non-TB group. The peripheral blood CD4+ T cell counts of the TB

group was significantly higher than those of the non-TB group (P =

0.001). The detailed demographic and clinical characteristics of the

participants are shown in Table 1.
Indeterminate results of IP-10 mRNA
release assay and QFT-GIT test

Among the 200 suspected TB patients with HIV infection who

were included in the final analysis, 13 patients (6.5%) had invalid

results of IP-10 mRNA release assay due to invalid DCT in the

mitogen control tube (> -1.2), including 7 TB patients and 6 non-

TB patients. Meanwhile, 42 patients (21.0%) had invalid results of

QFT-GIT assay due to higher IFN-g concentrations (> 8 IU/mL) in

the Nil control tube (1 patient) or lower IFN-g concentrations (< 0.5

IU/mL) in the positive control tube (41 patients), including 31 TB

patients and 11 non-TB patients. The rate of indeterminate results

of the IP-10mRNA release assay was significantly lower than that of

QFT-GIT assay (P = 0.000026). Collectively, a total of 51

indeterminate results were obtained by the two assays. In

addition, we found that patients with invalid results were

significantly more likely to have CD4+ T cell counts below 200

cells/mL (43/47, 91.5%) than patients with valid results (101/138,

73.2%), suggesting that lower CD4+ T cell counts was a significant

risk factor for indeterminate results (P = 0.0091).
The concordance between the IP-10
mRNA release assay and the QFT-GIT test

The concordance between the IP-10 mRNA release assay and

QFT-GIT assay was also analyzed in the 149 participants who had

both valid results of IP-10 mRNA release assay and QFT-GIT assay

(Table 2). Both the IP-10 mRNA release assay and QFT-GIT assay

were positive in 44 participants and negative in 53 participants,

suggesting that IP-10mRNA release assay and QFT-GIT assay have

a weak concordance (Kappa value = 0.33, P < 0.001). The overall

concordance between the two assays was 65.1% (95%CI = 57.5% –

72.8%), the positive agreement was 61.0% (95%CI= 52.2% – 69.8%)

and the negative agreement was 80.6% (95%CI 66.7% –

94.6%), respectively.
The diagnostic performance of the IP-10
mRNA release assay versus QFT-GIT
assay for TB

The diagnostic performances of the IP-10 mRNA release assay

and QFT-GIT assay were analyzed among 118 TB patients (66

definite TB patients and 52 probable TB patients) and 31 non-TB

patients, who had valid results of IP-10 mRNA release assay and

valid QFT-GIT assay (Table 3). The expression levels of M.tb-

specific IP-10 mRNA in the TB patients were significantly higher
Patients with suspected TB/HIV (n = 216)

History, physical exam, blood examinations, HIV RNA, HIV Ag/Ab, CT, culture and 

further identification of species, AFB, xpert MTB/RIF, TB-DNA, lung biopsy. 

Patients were excluded (n = 16):

Inconclusive diagnosis (n = 12)

Duplicated samples (n = 2)

Invalid blood samples (n = 2)   

Subjects with conclusive diagnosis (n = 200)

Definite TB (n = 81) Probable TB (n = 71)

IP-10 mRNA

Positive: 52

Negative: 26

Indeterminate: 3

QFT-GIT

Positive: 31

Negative: 36

Indeterminate: 14

IP-10 mRNA

Positive: 42

Negative: 25

Indeterminate: 4

IP-10 mRNA

Positive: 11

Negative: 31

Indeterminate: 6

QFT-GIT

Positive: 5

Negative: 32

Indeterminate: 11

QFT-GIT

Positive: 21

Negative: 33

Indeterminate: 17

Non-TB (n = 48)

FIGURE 1

Flow chart of the study participants. Of the 216 patients with
suspected TB/HIV co-infection, the following were eligible for
inclusion in the final analysis: 81 were definite TB/HIV co-infected
patients, 71 had probable TB/HIV co-infected patients and 48 were
non-TB patients with HIV infection. TB, tuberculosis; HIV, human
immunodeficiency virus; CT, computed tomography; AFB, acid-fast
bacilli.
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TABLE 1 The demographic and clinical characteristics of the participants (n = 200).

TB Non-TB P-values*

Definite TB Probable TB Total TB

Number of patients 81 71 152 48

Age (years, range) 42 (22–72) 41 (18–79) 41 (18–29) 38 (18–63) 0.081

Gender 0.056

Male 74 67 141 48

Female 7 4 11 0

CD4+ T cell counts§ 91 (0–587) 104 (2–1141) 102 (1–1141) 40.5 (2–336) 0.001

M.tb culture

Positive 29 0 29 0

Negative 37 62 99 34

Not done 15 9 24 14

Smear microscopy

Positive 28 0 28 0

Negative 50 68 118 44

Not done 3 3 6 4

Xpert MTB/RIF

Positive 60 0 60 0

Negative 16 64 80 35

Not done 5 7 12 13

Histologic results

Positive 3 0 3 0

Negative 2 5 7 4

Not done 76 66 142 44

Pulmonary TB 69 53 122 –

Extra-pulmonary TB 12 18 30 –

Lymph nodes 3 5 8 –

Meninges 4 4 8 –

Pleura 2 5 7 –

Intestine 2 1 3

Skeleton 0 3 3 –

Blooddissemination 1 0 1 –

Cause of diseases

Pneumocystis – – – 16

Cryptococcus – – – 6

NTM diseases – – – 6

Cytomegalovirus – – – 5

Pseudomonas aeruginosa 4

Lymphoma – – – 3

(Continued)
F
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than those in the non-TB patients (Figure 2A). The ROC analysis

showed that the AUC value for the IP-10 mRNA release assay was

0.70 (95%CI =0.62 – 0.77), with a sensitivity of 65.3% (95%CI =

55.9% – 73.8%) and a specificity of 74.2% (95%CI = 55.4% – 88.1%).

Meanwhile, the results of the QFT-GIT assay showed that theM.tb-

specific IFN-g concentrations were also significantly higher in the

TB patients than those in the non-TB patients (Figure 2B). The

ROC analysis showed that the AUC value for the QFT-GIT assay

was 0.65 (95%CI = 0.57 – 0.72), with a sensitivity of 43.2% (95%CI =

34.1% – 52.7%) and a specificity of 87.1% (95%CI = 70.2% – 96.4),
Frontiers in Cellular and Infection Microbiology 06
respectively. The sensitivity of the IP-10 mRNA release assay was

significantly higher than that of the QFT-GIT assay (P = 0.00062),

while no significant difference was detected in the specificities

between the IP-10 mRNA release assay and the QFT-GIT assay

(P = 0.198).

The diagnostic performance of the combination of IP-10mRNA

release assay and QFT-GIT assay was also evaluated, and the

positive result was assumed when either test was positive and a

negative result was deemed when both tests were negative (Table 3).

Based on this standard, the diagnostic sensitivity and specificity
TABLE 3 Diagnostic performance of the IP-10 mRNA release assay and QFT-GIT assay for TB.

TB
(N =118)

Non-TB
(n = 31)

Sensitivity%
(95%CI)

Specificity%
(95%CI)

NPV%
(95%CI)

PPV%
(95%CI)

LR+ (95%
CI)

LR- (95%
CI)

IP-10 mRNA release
assay

65.3
(55.9–73.8)

74.2
(55.4–88.1)

35.9
(28.9–43.7)

90.6
(83.9–94.7)

2.53
(1.40–4.70)

0.47
(0.30–0.60)

Positive 77 8

Negative 41 23

QFT-GIT 43.2
(34.1–52.7)

87.1
(70.2–96.4)

28.7
(24.7–33.2)

92.7
(83.3–97.0)

3.35
(1.30–8.60)

0.65
(0.50–0.80)

Positive 51 4

Negative 67 27

IP-10 or QFT-GIT * 73.7
(64.8–81.4)

71.0
(52.0–85.8)

41.5
(32.7–50.8)

90.6
(84.7–94.4)

2.54
(1.40–4.40)

0.37
(0.30-0.50)

Positive 87 9

Negative 31 22
fr
NPV, negative predictive value; PPV, positive predictive value; LR+, likelihood ratio for positive test; LR−, likelihood ratio for negative value.
*A result was considered positive when either test was positive, and a result was deemed negative when both tests were negative.
TABLE 1 Continued

TB Non-TB P-values*

Definite TB Probable TB Total TB

Aspergillus – – – 3

Candida albicans – – – 2

Streptococcus – – – 1

Rhodococcusequi 1

Mucor 1
NTM, non-tuberculous mycobacterial.
*Comparison between the total TB and non-TB group. The student’s t-test was used for the age comparison between TB and non-TB group, Fisher’s exact test was used for gender comparison
between TB and non-TB group, and the Mann-Whitney U-test was used for the comparison of CD4+ T cell counts between TB and non-TB group.
§CD4+ T cell counts were missed among 11 TB patients and 4 non-TB patients.
TABLE 2 Analysis of the concordance between the IP-10 mRNA release assay and the QFT-GIT assay.

QFT-GIT Agreement (95%CI) Kappa value (95%CI)

Positive Negative

IP-10 mRNA release assay Positive 44 41 65.1 (57.5 – 72.8) 0.33 (0.19 – 0.46)

Negative 11 53
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were 73.7% (95%CI = 64.8%– 81.4%) and 71.0% (95%CI = 52.0%–

85.8%), respectively. In comparison with the QFT-GIT assay alone,

the combination of tests significantly increased the sensitivity of TB

detection by 30.5%, although this was accompanied by a 16.1%

decrease in the specificity. However, the highly improved sensitivity

may be of great benefit for identifying of TB in HIV-

infected individuals.

Subgroup analyses were also performed in definite TB group

and probable TB group (Supplementary Table 1). The sensitivities

of the IP-10 mRNA release assay and the QFT-GIT assay in the

definite TB group were 68.2% (95%CI = 55.6%– 79.1%)and 47.0%

(95%CI = 34.6%– 59.7%), respectively. The sensitivities of the IP-10

mRNA release assay and the QFT-GIT assay in the probable TB

group were 61.5% (95%CI = 47.0%– 74.7%)and 38.5% (95%CI =

25.3%– 53.0%), respectively. Significant differences were detected in

the sensitivity between the IP-10mRNA release assay and the QFT-

GIT assay, in both definite TB group (P = 0.0137) and probable TB

group (P = 0.0186). However, there is no significant differences in

the sensitivity between definite TB group and probable TB group,

either in the IP-10 mRNA release assay (P = 0.452) or in the QFT-

GIT assay (P = 0.354).
The impact of CD4+ T cell exhaustion on
the IP-10 mRNA release assay and the
QFT-GIT assay

Both the IP-10 mRNA release assay and QFT-GIT assay

function on the basis of the lymphocyte response to M.tb-specific

antigens. Since CD4+ T cells exhaustion commonly occurred in

HIV-infected individuals, we analyzed whether CD4+ T cell

exhaustion could affect the outcomes of the two tests. The

indeterminate results rate and positive result rate of the two tests

were calculated for the HIV-infected individuals with different

amount of CD4+ T cell counts. As shown in Figure 3A, there was

no significant difference in the indeterminate result rate between the

IP-10 mRNA release assay and the QFT-GIT assay among HIV-

positive patients with CD4+ T cell counts > 200 cells/mL. However,

the indeterminate result rates of the IP-10mRNA release assay were
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significantly lower than those of the QFT-GIT assay among the

patients with CD4+ T cell counts < 200 cells/mL (≤ 100 cells/mL: P =

0.0015; 101-200 cells/mL: P = 0.0029). No significant difference in

the indeterminate result rate of the IP-10 mRNA release assay was

detected between patients with different amount of CD4+T cells (P

> 0.05), suggesting that there was no significant impact of CD4+T

cells exhaustion on the results of the IP-10 mRNA release assay.

However, the indeterminate result rate of the QFT-GIT assay was

significantly higher in patients with CD4+ T cell counts < 200 cells/

mL than those in patients with CD4+ T cell counts > 200 cells/mL
(P= 0.012), suggesting that CD4+ T cells exhaustion had a

significant impact on the performance of the QFT-GIT assay.

As shown in Figure 3B, the positive result rate of the IP-10

mRNA release assay was significantly higher than that of the QFT-

GIT assay among TB/HIV co-infected patients with CD4+ T cell

counts < 350 cells/mL (≤ 100 cells/mL: P = 0.015; 101-200 cells/mL: P
= 0.047; 201-350cells/mL: P = 0.027). Furthermore, no significant

difference in the positive result rate of the IP-10mRNA release assay

was detected between TB/HIV co-infected patients with different

amounts of CD4+ T cells (P > 0.05), also indicating that there was

no significant impact of CD4+ T cells exhaustion on the

performance of the IP-10 mRNA release assay. Nevertheless, the

positive result rate of the QFT-GIT assay was significantly higher in

the TB/HIV co-infected patients with CD4+ T cell counts > 350

cells/mL than those in the patients with CD4+ T cell counts < 350

cells/mL (≤ 100 cells/mL vs.> 350 cells/mL: P = 0.020; 101-200 cells/

mL vs.> 350 cells/mL: P = 0.009; 201-350 cells/mL vs.> 350 cells/mL: P
= 0.037), indicating that CD4+ T cells exhaustion had a significant

impact on the outcome of the QFT-GIT assay.
Discussion

The identification of TB cases and the implementation of anti-

TB treatment in high risk population, including HIV-infected

individuals, have been recommended by the WHO (WHO, 2023).

However, the utility of traditional immunological tests (e. g.

tuberculin test and IGRAs) has been limited for auxiliary TB

diagnosis in immunocompromised individuals (Cattamanchi
A B

FIGURE 2

The expression level of IP-10 mRNA in IP-10 mRNA release assay (A) and the released IFN-g concentration in QFT-GIT assay (B). TB/HIV group: n =
118; Non-TB/HIV group: n = 31; the Mann-Whitney U-test was used to perform the comparison of the expression level of IP-10 mRNA between TB
and non-TB group, as well as the comparison of IFN-g concentration between TB and non-TB group.
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et al., 2011). In this study, we used IP-10mRNA as a target due to its

higher transient expression levels after stimulation with M.tb-

specific antigens. We found that the IP-10 mRNA release assay

had a positive rate (65.3%) for the detection of TB in HIV co-

infected individuals that was more than 20% higher than that of the

conventional QFT-GIT assay. This result was consistent with

previous studies that used the IP-10 protein as a target. Data

from countries with a moderate or low TB burden suggested that

when used as a target, the IP-10 protein yielded a higher positive

rate (66.7%) of diagnosing M. tb infection than the IGRAs (52.4%)

among HIV-infected persons. Furthermore, the outcome of the IP-

10 protein detection test is not influenced by the reduction in CD4+

T cell counts due to HIV-mediated exhaustion (Vanini et al., 2012).

It was also reported that the IP-10 protein test had a higher positive

rate (45.0% vs. 38.0%) and a lower indeterminate rate (5.0% vs.

9.0%) than the IGRAs test in HIV-infected individuals from a

country with a higher TB burden (Kabeer et al., 2011). Another

study has shown that IP-10 protein instead of IFN-g yielded higher

positive rate either after stimulation with commercialM.tb antigens

in IGRA test (85.7% vs. 60.7%) or stimulation with in-house M.tb

antigens (75.0% vs. 42.9%) (Goletti et al., 2010). Our results and

these previous reports collectively indicated that either the IP-10

protein or its mRNA could improve the identification of TB among

HIV-infected persons. We envisage that this strategy will help early

screen of active TB in immuno-compromised individuals.

The higher positive rate of the IP-10mRNA release assay in TB/

HIV co-infected individuals may be due to the higher expression

level of IP-10 mRNA after M.tb specific antigen stimulation. As a

downstream amplification molecule of IFN-g-mediated signaling,

IP-10 is more highly expressed than IFN-g (Tsuboi et al., 2011). On
the other hand, IP-10 is not only released in response to IFN-g
stimulation, but is also induced by other cytokines, including IFN-

a, IL-17 and IL-23 (Khader et al., 2007; Simmons et al., 2013).
Frontiers in Cellular and Infection Microbiology 08
Furthermore, IP-10 is mainly released by monocytes, meaning that

the impact of CD4+ T cell exhaustion on the outcome of the IP-10

mRNA release assay will be lower (Wu et al., 2017).

The specificity of the IP-10 mRNA release assay was lower than

that of QFT-GIT assay in non-TB patients, although the difference

did not reach statistical significance. Since the study design involved

the prospective enrollment of highly suspected TB patients with

HIV infection, there were only 48 non-TB patients enrolled in the

study. Of these non-TB patients, 31 had both valid results of the IP-

10 mRNA release assay and the QFT-GIT assay. The small size of

the non-TB patients may lead to the enlarged difference between the

specificities of these two tests. Our previous study found that there

was no significant difference in specificity between the IP-10mRNA

release assay and the IGRA assay among patients without HIV

infection (Pan et al., 2022). Furthermore, Vanini et al. also reported

that although IP-10 protein as a target yielded a slight higher

positive result rate than that IFN-g as a target in the non-TB

patients with HIV infection, there were no significant differences

between the use of IP-10 and IFN-g as a target either in individuals

with a higher risk ofM.tb infection (IP-10 40.0%vs. IFN-g 37.5%) or
in individuals with a lower risk of M.tb infection (IP-10 12.9%vs.

IFN-g 4.8%) (Vanini et al., 2012). However, given that there is no

gold standard test for latent M.tb infection, we cannot determine

whether those patients with negative IGRA results but positive IP-

10 results are M.tb infection or not. Therefore, we should also pay

attention to the abovementioned patients and performed further

exploration in a larger sample set. In addition, the positive results of

these two tests in non-TB patients may be caused by the higher rate

of latent TB infection (LTBI) in China. The previously estimated

prevalence of LTBI in China was about 20.3% among persons older

than 15 years, based on the results of the IGRA tests (Gao et al.,

2015; Institute of Pathogen Biology, CAMS, et al., 2022). This value

is consistent with the positive result rate in the non-TB patients in
A B

FIGURE 3

The percentages of indeterminate results and positive results of the IP-10 mRNA release assay and the QFT-GIT assay in HIV-infected patients with
different CD4+ T-cell counts. (A) The percentages of indeterminate results obtained via each of the tests in the cohort of HIV-infected individuals
enrolled in this study. The number of patients with different CD4+ T cells were described as follow: ≤ 100/mL,n = 100; 101-200/mL, n = 44; 201-350/
mL, n = 27; > 350/mL, n = 14. The CD4+ T cell counts were missed in 15 patients. *Pearson’s Chi-square test was used for comparison of the
percentage of indeterminate results between IP-10 mRNA release assay and QFT-GIT in the patients with CD4+ T cells counts less than 100/mL.
Other comparisons were performed using Fisher’s exact test between patients with different CD4+ T cells counts, or between IP-10 mRNA release
assay and QFT-GIT. (B) The percentages of positive results obtained by each of the tests among TB/HIV co-infected individuals. The number of TB/
HIV co-infected patients with different CD4+ T cells were described as follow: ≤ 100/mL, n = 49; 101-200/mL, n = 25; 201-350/mL, n = 20; > 350/mL,
n = 13. The CD4+ T cell counts were missed in 11 TB/HIV co-infected patients. *Pearson’s Chi-square test was used for comparison of the
percentage of positive results between IP-10 mRNA release assay and QFT-GIT in the patients with CD4+ T cells counts less than 100/mL, as well as
in the patients with CD4+ T cells counts range from 101/mL to 200/mL. Other comparisons were performed using Fisher’s exact test between
patients with different CD4+ T cells counts, or between IP-10 mRNA release assay and QFT-GIT.
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our study. Since, like IGRAs, the IP-10mRNA release assay is also a

method for the diagnosis ofM.tb infection and auxiliary method for

diagnosis of TB, some positive results within the non-TB patient

group were also expected.

The IP-10 mRNA release assay and the QFT-GIT assay both

detect the host immune response to antigen stimulation. Due to the

dysfunctional immune system of HIV-infected persons, some of the

patients presented no response to the PHA positive control, which

was the main reason for the indeterminate results. Our data also

showed that a significantly higher number of patients with CD4+ T

cell counts below 200 cells/mL had invalid test results. Nevertheless,

the indeterminate result rate of the IP-10 mRNA release assay was

significantly lower than that of the QFT-GIT assay, which may be

caused by the different antigens used in the two tests. There may

also be another reason for the stronger response to M.tb-specific

antigens exhibited by the IP-10 mRNA release assay; the higher

expression level of the IP-10 mRNA may lead to more positive

results (and fewer indeterminate ones) even in the absence of a

response to the PHA positive control.

In the present study, the concordance between the IP-10mRNA

release assay and QFT-GIT assay was low. This may be due to the

different targets (IP-10 vs. IFN-g) and the different expression

level (mRNA vs. protein) between the two tests. Furthermore, the

M.tb-specific antigens were different between the two tests.

The antigens in the QFT-GIT assay were ESAT-6, CFP-10 and

TB7.7, while the antigens in the IP-10 mRNA release assay were

ESAT6, CFP-10 and PPE68. It is worth noting that the negative

concordance rate between the two tests in non-TB patients was

better than the positive concordance rate between the two tests in

TB patients. This lower positive concordance rate mainly due to

the lower sensitivity of the QFT-GIT test and represents a

further significant difference between the two tests in HIV-

infected individuals.

The results of the QFT-GIT test were influenced by CD4+ T

cells exhaustion, while those of the IP-10 mRNA release assay were

not. When the CD4+ T cell counts were at a normal level (>350

cells/mL), there was no significant difference between the

indeterminate rate or sensitivity of the IP-10 mRNA release assay

and the QFT-GIT assay. These results were consistent with our

previous study involving non-HIV individuals (Pan et al., 2022).

However, the indeterminate result rate of the QFT-GIT assay was

higher and the sensitivity was lower when CD4+ T cell counts

decreased. This is likely because HIV infection impairs CD4+ T cell

proliferation and function (Day et al., 2017; Amelio et al., 2019) and

leads to dysfunctional Th1 immune response, which reduces IFN-g
release. It is currently believed that the reduction in IFN-g release
due to the depletion ofM.tb-specific Th1 cells during HIV infection

is a typical mechanism by which the virus damages host defense

against M.tb (Kalsdorf et al., 2009). The lesser impact of CD4+ T

cells exhaustion on the performance of the IP-10 mRNA release

assay indicates that the release of IP-10 mRNA may not be

completely dependent on CD4+ T cells. Flow cytometry was used

to shown that the expression of high levels of IP-10mRNA in HIV-

infected individuals was mainly a feature of monocytes and myeloid

dendritic cells (mDCs) (Rempel et al., 2010; Simmons et al., 2013).

Although IP-10 mRNA in T lymphocytes was also up-regulated
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after HIV infection, it gradually decreased following antiviral

treatment initiation (Foley et al., 2005). Therefore, unlike the

release kinetics of IFN-g, IP-10 mRNA release may not depend

on T lymphocytes and thus is less affected by the depletion of CD4+

T cells induced by HIV infection. Furthermore, these results also

suggested that the combined use of the IP-10 mRNA release assay

and conventional IGRAs assay could identify more individuals

with TB.

Apart from the better performance of IP-10 mRNA release

assay in HIV co-infected populations, previously we also found that

the performance of IP-10 mRNA release assay was similar with

IGRA in patients without HIV co-infection, indicating the wider

application of IP-10 mRNA release assay in clinical practice (Pan

et al., 2022). Furthermore, there are some other advantages. Firstly,

The higher expression level of IP-10 mRNA after M.tb antigen

stimulation leads to higher sensitivity in diagnosis, and it is better to

avoid the adverse effects of non-specific IP-10 release by other

infections or background IP-10 release. Furthermore, the whole

procedures of IP-10mRNA release assay are automatic and this will

reduce the bias by manual operation. In addition, the detection

linear range of the PCR technique is wider than that of ELISA test,

and it does not rely on a standard curve to determine

concentrations. Lastly, after covid-19 pandemic, the PCR

technique is already an integrated tool in most TB laboratories

and the cost is reduced due to the widely use in clinical practice, so

the PCR platform used for diagnosis is reasonable. In the present

study, we prospectively evaluate the diagnostic performance of the

IP-10 mRNA release assay in the diagnosis of TB in a cohort of

HIV-infected individuals. However, our research has limitations.

Firstly, it would have been beneficial to validate the inconsistencies

between the IP-10 mRNA release assay and QFT-GIT test results

using a third method. However, the fact that the positive result rate

of the IP-10 mRNA release assay was significantly higher than that

of the QFT-GIT assay in the group of patients with definite TB (who

had microbiological evidence forM.tb infection) indirectly indicates

the better performance of the IP-10 mRNA release assay. Secondly,

our study only prospectively enrolled patients frommultiple centers

within one year. This meant that the sample size was not large

enough to evaluate of the performance of IP-10 for diagnosing TB

in HIV-infected individuals, although it is larger than previous

studies. Further validation in a larger sample set would yield more

convincing evidence. Thirdly, we did not analyze the impact of the

antiretroviral therapy on the performance of the two tests due to the

limited sample size. In future, an in-depth analysis of diagnostic

performance of IP-10 mRNA release assay for TB in patients

receiving different forms or duration of antiretroviral therapy will

facilitate for reasonable utility of this novel test. Finally, this study

was performed in adults. Whether the IP-10 mRNA release assay

performs better in immunocompromised children with suspected

TB should be validated in future studies.

In conclusion, our study has evaluated side by side the

performance of the two tests which are based on whole blood

antigen stimulation, and confirmed that the IP-10 mRNA release

assay was superior at detecting TB in HIV-infected patients than the

conventional QFT-GIT test. The higher sensitivity and lower

indeterminate result rate of the IP-10 mRNA release assay will
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likely aid the early detection of TB in this higher risk population of

immunocompromised individuals.
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