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Abstract

Background: Given that there is no rapid and effective method for distinguishing
active tuberculosis (ATB) from latent tuberculosis infection (LTBI), the discrimination
between these two statuses remains challenging. This study sought to investigate
the value of nutritional indexes and tuberculosis-specific antigen/phytohemaggluti-
nin ratio (TBAg/PHA ratio) for distinguishing ATB from LTBI.

Methods: Participants were consecutively recruited based on positive T-SPOT.TB
results between January 2018 and January 2020. ATB was diagnosed by positive
mycobacterial culture and/or positive GeneXpert MTB/RIF, with clinical symptoms
and radiological characteristics suggestive of ATB. Individuals with positive T-SPOT.
TB but without the evidence of ATB were defined as LTBI. Patients younger than
17 years and undergoing anti-TB treatment were excluded.

Results: A total of 709 (312 ATB and 397 LTBI) and another 309 (120 ATB and 189
LTBI) subjects were respectively recruited from Tongji Hospital (Qiaokou cohort)
and Sino-French New City Hospital (Caidian cohort). The level of prealbumin was
significantly lower in ATB than in LTBI. With a cut-off value of 139 mg/L, the sen-
sitivity and specificity of prealbumin in distinguishing ATB from LTBI were 50.96%
(45.41%-56.51%) and 91.69% (88.97%-94.40%). Meanwhile, TBAg/PHA ratio was
found statistically higher in ATB compared with LTBI. If using the threshold of 0.29,
the sensitivity and specificity of TBAg/PHA ratio were 65.71% (60.44%-70.97%) and
90.93% (88.11%-93.76%), respectively. Moreover, the combination of prealbumin and
TBAg/PHA ratio (obtaining by diagnostic model) yielded better specificity (20.18%,
[87.25%-93.10%]) and sensitivity (87.18%, [83.47%-90.89%]), while the clinical utility
index (CUI) positive and CUI negative were respectively 0.76 and 0.81. After anti-TB
treatment, TBAg/PHA ratio was declined while the level of prealbumin was restored
(Wilcoxon test, P < 0.001). Furthermore, the performance of diagnostic model ob-

tained in Qiaokou cohort was confirmed in Caidian cohort.
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Conclusions: The diagnostic model based on combination of prealbumin and TBAg/

PHA ratio is a rapid and accurate tool for discriminating ATB from LTBI.

1 | INTRODUCTION

Tuberculosis (TB), caused by Mycobacterium tuberculosis (MTB) in-
fection, remains a predominant health concern on a global scale and
the leading cause of mortality from a single infectious agent, with
1.5 million deaths reported in 2018 by World Health Organisation
(WHO).22 Meanwhile, latent tuberculosis infection (LTBI), which is
clarified as individuals infected with MTB but without clinical symp-
toms of active TB (ATB), is an infectious status with about 5%-10%
risk of progressing to active disease.>* It was reported that one of
four individuals estimated to have LTBI worldwide, representing
a larger reservoir from which future cases of ATB will develop.”®
Therefore, accurate and early differential diagnosis of ATB and
LTBI is critical for both effective treatment and prevention of TB
transmission.

Confirmation of ATB is mainly based on the primary microbio-
logical evidence.” Unfortunately, the current diagnostic approaches
either have low sensitivity (smear microscopy) or are time consuming
(mycobacterial culture).”® Molecular techniques such as GeneXpert
MTB/RIF and GeneXpert MTB/RIF Ultra have been developed in
order to facilitate rapid diagnosis, but around half of the patients
still cannot be confirmed.”!® The tuberculin skin test (TST) is cur-
rently most widely used test for the detection of MTB infection.
However, Bacille-Calmette-Guérin (BCG) vaccination would mislead
the interpretation of the results.!? Although interferon-gamma
release assays including T-SPOT.TB (T-SPOT) and QuantiFERON-TB
Gold In-Tube (QFT-GIT) are the most important and widely used im-
munodiagnostic for MTB infection,*>** they could not successfully
differentiate ATB from LTBI.>! The limitations of conventional
approaches highlight the need to identify new attractive tools.
Over the last decade, substantial efforts have been made to de-
velop novel strategies for distinguishing ATB from LTBI.*”*® Some
studies demonstrated that host responses and feature including

23,24 go.

correlate with latent

cytokines,*”?° lymphocyte phenotypes,?*?2 transcriptome,

2627 and metabolome 227

nome,25 proteome
and active TB. However, these new findings have not been further
analysed in more detail and fully clinically verified. Besides, some of
them are not affordable and practicable worldwide, particularly in
developing countries, because of complicated procedures and high
cost. As a result, there are still no effective tools to meet the clinical
requirements for differentiating ATB from LTBI. Better methods are
needed in this area.

TB-specific

antigen/phytohemagglutinin  ratio (TBAg/PHA

ratio), as a novel indicator in T-SPOT assay, has been found feasible
in differentiating ATB from LTBI by Wang and his colleagues.?%%!
Meanwhile, several teams have found that the level of prealbumin
(PAB) was decreased in patients with ATB, which suggests that

ATB patients may be immunocompromised or undernourished.3%%3

What'’s known

e TBAg/PHA ratio has moderate value for active tubercu-
losis diagnosis.
e Prealbumin shows moderate value in tuberculosis

diagnosis.

What’s new

e The combination of prealbumin and TBAg/PHA ratio
could serve as an accurate approach for differentiating
ATB from LTBI.

e Dynamic monitoring of prealbumin and TBAg/PHA ratio
can be used for guiding anti-TB treatment.

Although these previous studies have suggested the clinical use of
TBAg/PHA ratio and PAB for TB diagnostic purpose, the combi-
nation of these indexes has not been examined. Theoretically, the
combination of TBAg/PHA ratio (TB-specific indicator) and PAB
(non-specific indicator), performing by substituting these two indi-
cators into the regression equation, may enhance TB diagnosis, es-
pecially the differential diagnosis of ATB and LTBI. Therefore, the
aim of this study was to investigate the value of the nutritional indi-
cators represented by PAB in the diagnosis of TB, and the potential
of the combination of PAB and TBAg/PHA ratio in distinguishing be-
tween ATB and LTBI.

2 | METHODS
2.1 | Study design

The present study was conducted at Tongji hospital (Qiaokou co-
hort) and Sino-French New City Hospital (Caidian cohort). Tongji
hospital is the largest tertiary hospital in central China, with 5000
beds and a ward for patients with suspected TB. Sino-French New
City Hospital is a branch hospital of Tongji Hospital with 1500
beds. All participants were enrolled based on positive T-SPOT
results from January 2018 to January 2020. Patients with clini-
cal symptoms and radiological characteristics suggestive of ATB
were consecutively recruited and those who met the diagnostic
criteria for ATB are finally included. ATB cases were diagnosed
as patients with positive MTB culture and/or positive GeneXpert
MTB/RIF in sputum, bronchoalveolar lavage fluid or biopsy tissue.
LTBI were defined as individuals with positive T-SPOT results and
met the following criteria: (a) absence of symptomatic, microbio-
logical or radiological evidences of ATB; and (b) no history of TB.

The exclusion criteria were as follows: (a) patients younger than



LUO ET AL.

«I[¥» THE INTERNATIONAL JOURNAL OF

17 years; and (b) patients undergoing anti-TB treatment. In order
to determine the change of indicators during anti-TB treatment,
ATB patients were recruited and 3 months of anti-TB treatment
was performed with isoniazid, rifampicin, pyrazinamide and eth-
ambutol. The negative GeneXpert MTB/RIF results and relief of
the patient's symptoms were considered signs of effective treat-
ment. This study was approved by the Ethics Committee of Tongji
Hospital, Tongji Medical College, Huazhong University of Science
and Technology, Wuhan, China (TJ-IRB20190421). Informed con-

sents were signed by patients or surrogates.

2.2 | Measurement of prealbumin, albumin and
total protein

Heparin anti-coagulating peripheral blood samples were collected
from subjects. The measurements of PAB (normal range, 200-
400 mg/L), albumin (ALB) (normal range, 35-52 g/L) and total pro-
tein (TP) (normal range, 64-83 g/L) were performed using ROCHE
COBAS 8000 (Mannheim, Germany) according to the manufactur-

er's instructions.

2.3 | T-SPOT assay

Heparinised peripheral blood was collected and analysed using
T-SPOT assay (Oxford Immunotec, Oxford, UK) according to
the manufacturer's instructions. Briefly, the isolated peripheral
blood mononuclear cells (PBMCs) (2.5 x 10°) were added to 96-
well plates precoated with anti-interferon-gamma (anti-IFN-y)
antibody. Four wells were used for each subject: medium well,
phytohemagglutinin (PHA) well, early secreted antigenic target 6
(ESAT-6) and culture filtrate protein 10 (CFP-10) wells. Plates were
incubated for 16-20 hours at 37°C with 5% of CO, and developed
using an anti-IFN-y antibody conjugate and substrate to detect the
presence of secreted IFN-y. Spot-forming cells (SFC) were counted
with an automated ELISPOT reader (CTL Analysers, Cleveland,
OH, USA). The test result was positive if ESAT-6 and/or CFP-10
minus negative control 26 spots. The test result was negative if
both ESAT-6 minus negative control and CFP-10 minus negative
control <5 spots. Results were considered undetermined if the
spot amounts in the PHA well were <20 or if spot amounts in the
medium well were >10.

We calculated the ratios of (a) ESAT-6 SFC to PHA SFC and (b)
CFP-10 SFC to PHA SFC. The larger of the above two values was
defined as the TBAg/PHA ratio of one participant.

2.4 | Statistical analysis
Continuous variables were reported as mean + standard deviation

(SD) or median (25th-75th percentile), and categorical variables

were expressed as numbers and percentages (%). The comparison
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between continuous variables was performed using Mann-Whitney
U test or Wilcoxon test. Mann-Whitney U test was used for the
comparison between ATB and LTBI group. Wilcoxon test was used
to compare the PAB concentration and TBAg/PHA ratio of the
same patient before and after anti-TB treatment. The chi-squared
test or Fisher's exact test was used for comparison of categori-
cal data. To build the diagnostic model for distinguishing between
ATB and LTBI, variables with P < 0.1 (statistical comparison) were
taken as candidates for further multivariable logistic regression
analyses; and then, the regression equation (diagnostic model) was
obtained and a score for each individual was calculated. Receiver
operating characteristic (ROC) analysis was performed to test the
ability of various methods to discriminate ATB from LTBI.>*3 The
cut-off values were defined based on their maximum Youden index
(sensitivity + specificity — 1). Area under the curve (AUC), sensi-
tivity, specificity, positive predictive value (PPV), negative predic-
tive value (NPV), positive likelihood ratio (PLR), negative likelihood
ratio (NLR), clinical utility index (CUIl) positive, CUI negative and
accuracy, together with their 95% confidence intervals (Cl), were
calculated. CUl is a parameter that gives the degree to which a diag-
nostic test is useful in clinical practice. CUI value greater than 0.81
means excellent utility; CUl value between 0.64 and 0.81 means
good utility; CUI value between 0.49 and 0.64 means fair utility;
CUI value between 0.36 and 0.49 means poor utility; CUI value
less than 0.36 means very poor utility.36 The AUCs were compared
using the z statistic with the procedure of Delong et al.” Statistical
analysis and graphing were performed using GraphPad Prism 6
(GraphPad Software, CA, USA), MedCalc version 11.6 (MedCalc,
Mariakerke, Belgium) and SPSS 25.0 (SPSS, Chicago, IL, USA). All
statistical tests were two-sided. Statistically significant differences
were determined using P < 0.05.

3 | RESULTS
3.1 | Characteristics of the study participants

Two independent cohorts (Qiaokou cohort (training set) and Caidian
cohort (validation set)) were included to address the study aims. A
total of 709 subjects were enrolled in Qiaokou cohort, including 312
patients with ATB and 397 individuals with LTBI. Another 309 par-
ticipants (120 ATB and 189 LTBI) were recruited in Caidian cohort.
Demographic and clinical characteristics of the study population are
summarised in Table 1. There was no statistical difference in age and
gender between different groups. Around 67% of participants were

male, and the median age was about 55 years.

3.2 | Using PAB for distinguishing between
ATB and LTBI

We measured the levels of PAB, ALB and TP in patients with ATB
and individuals with LTBI. Compared with LTBI individuals, ATB
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TABLE 1 Demographic and clinical characteristics of study population
Qiaokou cohort (training set) Caidian cohort (validation set)
Variables ATB(n=312) LTBI(n=397) P ATB(n=120) LTBI(n=189) P pt
Age,y 53(37-65) 55 (45-63) 0.228 55 (41-66) 55 (46-62) 0.939 0.762
Sex, male 217 (69.55) 265 (66.75) 0.428 79 (65.83) 133(70.37) 0.402 0.844
TB history 63(20.19) 0(0) <0.001 29 (24.17) 0(0) <0.001 0.798
Presence of BCG scar 136 (43.59) 159 (40.05) 0.343 55(45.83) 69 (36.51) 0.103 0.659
Underlying condition or
illness
Diabetes mellitus 21(6.73) 18 (4.53) 0.203 9 (7.50) 11 (5.82) 0.559 0.542
Solid tumour 35(11.22) 34 (8.56) 0.237 10(8.33) 17 (8.99) 0.841 0.618
Haematological 11(3.53) 12 (3.02) 0.707 6 (5.00) 7 (3.70) 0.58 0.444
malignancy
End-stage renal disease 14 (4.49) 16 (4.03) 0.764 9 (7.50) 11 (5.82) 0.559 0.128
Liver cirrhosis 8(2.56) 10(2.52) 0.97 8(6.67) 5(2.65) 0.086 0.154
Organ transplantation 5(1.60) 2 (0.50) 0.142 4(3.33) 2 (1.06) 0.158 0.212
HIV infection 2(0.64) 1(0.25) 0.428 1(0.83) 1(0.53) 0.745 0.638
Immunosuppressive 41 (13.14) 44 (11.08) 0.402 11 (9.17) 17 (8.99) 0.959 0.172
condition*
Positive mycobacterial 265 (84.94) N/A N/A 97 (80.83) N/A N/A N/A
culture
Positive Xpert MTB/RIF 224 (71.79) N/A 89 (74.17) N/A N/A N/A

Abbreviations: ATB, active tuberculosis; BCG, Bacille-Calmette-Guérin; LTBI, latent tuberculosis infection; N/A, not applicable; TB, tuberculosis.

*Comparisons were performed between ATB and LTBI groups using Mann-Whitney U test or chi-squared test.

fComparisons were performed between Qiaokou and Caidian cohorts using Mann-Whitney U test or chi-squared test.

*patients who underwent organ transplantation, chemotherapy or took immunosuppressants within 3 months. Data were presented as medians

(25th-75th percentages) or numbers (percentages).

patients had significantly lower levels of PAB and ALB (Figure 1A).
However, no significant difference was found in the level of TP
between patients with ATB and LTBI individuals (Figure 1A). When
using PAB or ALB as diagnostic indicators, we found the perfor-
mance of PAB was better than ALB in differentiating ATB from
LTBI (AUC: 0.793 vs 0.616, P <0 .001) (Figure 1C). If using the
cut-off value of 139 mg/L, the sensitivity and specificity of PAB
in distinguishing between ATB and LTBI were 50.96% (95% Cl,
45.41%-56.51%) and 91.69% (95% Cl, 88.97%-94.40%), respec-
tively (Table 2).

3.3 | The performance of TBAg/PHA ratio for
discriminating ATB from LTBI

We compared the results of T-SPOT assay between ATB and
LTBI group. It was observed that ESAT-6/PHA ratio, CFP-10/PHA
ratio and TBAg/PHA ratio were all significantly elevated in ATB
compared with LTBI (Figure 1B). The ROC analysis showed that
the AUC of TBAg/PHA ratio was significantly higher than that
of either ESAT-6/PHA ratio or CFP-10/PHA ratio (Figure 1D).
When a threshold was set as 0.29, TBAg/PHA ratio was able to
discriminate ATB from LTBI with a sensitivity of 65.71% (95% Cl,

60.44%-70.97%) and a specificity of 90.93% (95% Cl, 88.11%-
93.76%) (Table 2).

3.4 | Establishing a diagnostic model based
on the combination of PAB and TBAg/PHA ratio for
distinguishing ATB from LTBI

It was found that both PAB and TBAg/PHA ratio showed moderate
performance in ATB and LTBI discrimination. However, the over-
lap between PAB and TBAg/PHA ratio showed that the combina-
tion of these two parameters might improve the diagnostic value
(Figure 1E). In order to build a diagnostic model based on com-
bination of PAB and TBAg/PHA ratio for distinguishing ATB pa-
tients from LTBI individuals, both these two indexes were used for
multivariable logistic regression analysis. A model was established
as the following: P = 1/[1 + e'"0022 X PAB+ 6.605 x TBAg/PHA ratio + 1.957)]
P, predictive value; e, natural logarithm. We found that the diag-
nostic model based on the combination of PAB and TBAg/PHA
ratio exhibited an improved overall diagnostic performance over
PAB and TBAg/PHA ratio (Table 2). The AUC and accuracy of
diagnostic model to differentiate ATB from LTBI were 0.944 and
88.86%, while the sensitivity and specificity were 87.18% (95% Cl,
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FIGURE 1 Establishment of diagnostic model based on combination of PAB and TBAg/PHA ratio in Qiaokou cohort. A, Scatter plots
showing the levels of PAB, ALB and TP in ATB patients (n = 312) and LTBI individuals (n = 397). Horizontal lines indicate the median.

***P < 0.001, ns, no significance (Mann-Whitney U test). B, Scatter plots showing ESAT-6/PHA ratio, CFP-10/PHA ratio and TBAg/PHA ratio
in ATB patients (n = 312) and LTBI individuals (n = 397). Horizontal lines indicate the median. ***P < 0.001 (Mann-Whitney U test). C, ROC
analysis showing the performance of PAB, ALB and TP in differentiating ATB from LTBI. D, ROC analysis showing the performance of ESAT-6/
PHA ratio, CFP-10/PHA ratio and TBAg/PHA ratio in differentiating ATB from LTBI. E, Venn diagrams showing the overlap of PAB and TBAg/
PHA ratio in ATB patients (n = 312). F, Scatter plots showing the score of the diagnostic model based on the combination of PAB and TBAg/
PHA ratio in ATB patients (n = 312) and LTBI individuals (n = 397). Horizontal lines indicate the median. ***P < 0.001 (Mann-Whitney U test).
Blue dotted lines indicate the cut-off value in distinguishing these two groups. G, ROC analysis showing the performance of the diagnostic
model based on the combination of PAB and TBAg/PHA ratio in distinguishing ATB from LTBI. H, Line graphs showing the level of PAB in ATB
patients (n = 40) before and after 3 months of anti-TB treatment. ***P < 0.001 (Wilcoxon test). I, Line graphs showing TBAg/PHA ratio in ATB
patients (n = 40) before and after 3 months of anti-TB treatment. ***P < 0.001 (Wilcoxon test). ALB, albumin; ATB, active tuberculosis; AUC,
area under the curve; CFP-10, culture filtrate protein 10; ESAT-6, early secreted antigenic target 6; LTBI, latent tuberculosis infection; PAB,
prealbumin; PHA, phytohaemagglutinin; ROC, receiver operating characteristic; TBAg, tuberculosis-specific antigens; TP, total protein

83.47%-90.89%) and 90.18% (95% Cl, 87.25%-93.10%), respec- protein was positively correlated with the TBAg/PHA ratio and neg-

tively, with a cut-off value of 0.454 was used (Table 2, Figure 1F,G). atively correlated with the PAB in the treated group (Figure S1).

The PLR and NLR of the diagnostic model were 8.87 (95% Cl, 6.57-

11.99) and 0.14 (95% Cl, 0.11-0.19), respectively. Meanwhile, the

CUI positive and CUI negative of the diagnostic model were 0.76 3.6 | Validation of the diagnostic model based

and 0.81, respectively. on the combination of PAB and TBAg/PHA ratio in
Caidian cohort

3.5 | Value of monitoring PAB and TBAg/PHA ratio Another blinded validation study was separately performed in
during anti-TB treatment Caidian cohort. Moderate differentiation was found with PAB be-

tween ATB and LTBI (Table 3, Figure 2A,C). If using the cut-off value
Following standard anti-TB treatment, the level of PAB was signifi- of 139 mg/L obtained from Qiaokou cohort, the sensitivity and spec-

cantly increased compared with that before treatment (Figure 1H). ificity were 56.67% (95% Cl, 47.80%-65.53%) and 91.53% (95% ClI,
On the contrary, TBAg/PHA ratio was significantly decreased after 87.57%-95.50%), respectively (Table 3). Meanwhile, excellent per-
3 months of anti-TB treatment (Figure 1l). In addition, we found formance was found with the diagnostic model based on the combi-

that the inflammatory indicators such as hypersensitive C-reactive nation of PAB and TBAg/PHA ratio for discrimination between ATB
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FIGURE 2 Validation of diagnostic model based on combination of PAB and TBAg/PHA ratio in Caidian cohort. A, Scatter plots showing
the levels of PAB, ALB and TP in ATB patients (n = 120) and LTBI individuals (n = 189). Horizontal lines indicate the median. **P < 0.01,
***P < 0.001, ns, no significance (Mann-Whitney U test). B, Scatter plots showing ESAT-6/PHA ratio, CFP-10/PHA ratio and TBAg/PHA
ratio in ATB patients (n = 120) and LTBI individuals (n = 189). Horizontal lines indicate the median. ***P < 0.001 (Mann-Whitney U test). C,
ROC analysis showing the performance of PAB, ALB and TP in differentiating ATB from LTBI. D, ROC analysis showing the performance of
ESAT-6/PHA ratio, CFP-10/PHA ratio and TBAg/PHA ratio in differentiating ATB from LTBI. E, Venn diagrams showing the overlap of PAB
and TBAg/PHA ratio in ATB patients (n = 120). F, Scatter plots showing the score of the diagnostic model based on the combination of PAB
and TBAg/PHA ratio in ATB patients (n = 120) and LTBI individuals (n = 189). Horizontal lines indicate the median. ***P < 0.001 (Mann-
Whitney U test). Blue dotted lines indicate the cut-off value in distinguishing these two groups. G, ROC analysis showing the performance
of the diagnostic model based on the combination of PAB and TBAg/PHA ratio in distinguishing ATB from LTBI. H, Line graphs showing the
level of PAB in ATB patients (n = 20) before and after 3 months of anti-TB treatment. ***P < 0.001 (Wilcoxon test). |, Line graphs showing

TBAg/PHA ratio in ATB patients (n = 20) before and after 3 months of anti-TB treatment. **P < 0.01 (Wilcoxon test). ALB, albumin; ATB,
active tuberculosis; AUC, area under the curve; CFP-10, culture filtrate protein 10; ESAT-6, early secreted antigenic target 6; LTBI, latent
tuberculosis infection; PAB, prealbumin; PHA, phytohaemagglutinin; ROC, receiver operating characteristic; TBAg, tuberculosis-specific

antigens; TP, total protein

and LTBI (Figure 2B,D-I1). Notably, the diagnostic model presented a
specificity of 90.48% (95% Cl, 86.29%-94.66%) and a sensitivity of
91.67% (95% Cl, 86.72%-96.61%) in distinguishing between ATB and
LTBI when a threshold of 0.454 was used. The PPV and NPV of the
diagnostic model were 85.94% (95% Cl, 79.92%-91.96%) and 94.48%
(95% Cl, 91.15%-97.80%), respectively. Besides, the CUI positive and
CUI negative of the model were 0.83 and 0.85, respectively.

4 | DISCUSSION

To the best of our knowledge, the present study is the first large
case-control study to comprehensively explore the value of nutri-
tional indicators and TBAg/PHA ratio in the differentiation between

ATB and LTBI. We found that ALB and TP did not have sufficient
accuracy for the differential diagnosis between ATB and LTBI. PAB,
however, might have relatively high value for this issue. Then, we
aimed to apply a model based on the combination of PAB and TBAg/
PHA ratio for differential diagnosis between ATB and LTBI. It was
found that the diagnostic model based on combination of PAB and
TBAg/PHA ratio has good performance for distinguishing between
ATB and LTBI. Besides, the reverse trend of PAB and TBAg/PHA
ratio during the subsequent anti-TB treatment also suggests that dy-
namic monitoring of PAB and TBAg/PHA ratio offers great potential
as a useful tool for guiding anti-TB treatment.

The key point for ending TB is efficient identification of patients
with ATB and individuals with LTBI.%8“ Nevertheless, the differen-
tial diagnosis between ATB and LTBI is hampered by the flaws of
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conventional tests.***¢ More and more studies have shown that
MTB infection would generate a status of relatively poor immunity
in host.*’ Previous studies have reported that there was a decrease
in the number of peripheral blood lymphocytes *® and serum iron
in patients with ATB.?8%? These evidences suggest that TB patients
may be in a state of malnutrition because of the damage to the host's
nutrient absorption system or the depletion of the host's nutrients
by the pathogen.50 Hence, protein indicators represented by PAB
and ALB have been found to have certain potential in the field of TB
diagnosis.*?

One interesting question is why TBAg/PHA ratio and PAB have
complementary effects on TB diagnosis. We speculate that TBAg/
PHA ratio and PAB exhibit different value in MTB-infected individu-
als with different immune status. Previous studies have showed that
TBAg/PHA ratio were obviously decreased in immunocompromised
ATB patients.* Therefore, it is very difficult to distinguish ATB from
LTBI in this condition because most times those low T-SPOT results
are attributed to LTBI. However, the level of PAB was decreased in
immunocompromised patients. Thus, the performance of PAB in dis-
tinguishing ATB from LTBI may be better in immunocompromised
patients than immunocompetent ones. In contrast, the performance
of TBAg/PHA ratio is better than PAB in distinguishing ATB from
LTBI in immunocompetent patients. Thus, it is reasonable that com-
bining these two indicators could improve the performance for
TB diagnosis. After anti-TB treatment, the burden of MTB and the
number of TB-specific cells would decrease. Thus, the TB-specific
response would be attenuated, while the body's immunity would
restore and the levels of nutritional indicators such as PAB would
increase after anti-TB treatment.

The present study established a diagnostic model with satisfac-
tory accuracy based on two indicators and the model was success-
fully validated by using data from an independent cohort. On the flip
side, our established model can be rapidly and easily determined.
Therefore, this new strategy may improve TB diagnosis, particularly
in resource-limited countries with high TB burden.

Several limitations should be mentioned in this study. First, in
terms of all subjects in the current study were recruited based on a
positive T-SPOT assay, MTB-infected patients with negative T-SPOT
results were not involved. The proportion of ATB patients with neg-
ative T-SPOT results may reach around 10%,°2 and the inclusion of
this part of the population would reduce the performance of the
model established in the current study. Second, although this is a
two-centre study, the number of included participants is limited in
each centre. Meanwhile, this study used a case-control design, which
does not fully reflect diagnostic performance. Further validation by
multiple centres under different TB burden with a large sample size
and a prospective cohort design is needed. Third, some indicators
such as body mass index might influence the level of PAB. This may
affect the performance of our model to a certain extent. Fourth, the
performance of the model was not validated by using healthy con-
trols, this needs to be further determined. Ultimately, our research
does not include adolescents and children. However, the needs of

these people for TB diagnosis should also be met.

In summary, we successfully established a diagnostic model
based on the combination of non-specific marker (PAB) and TB-
specific marker (TBAg/PHA ratio) for the differential diagnosis be-
tween ATB and LTBI. It could serve as an attractive approach to

determine the status of MTB infection.
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