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Background: Diagnosis of tuberculosis (TB) is still difficult. The development of rapid and sensitive
laboratory tools for the diagnosis of tuberculosis is a priority. This study aimed to develop an indirect
enzyme-linked immunoassay (ELISA) assay for detection of TB antibody and explore its diagnostic value in
patients with pulmonary tuberculosis (PTB) via a multi-center clinical evaluation.

Methods: The specific antigen, fusion antigen, and specific antibody peptide were obtained using molecular
cloning and phage peptide library screening. An indirect ELISA assay was developed using multiple target
materials. Further, the assay was validated in six institutions with clinically confirmed TB patients, non-TB
patients with pulmonary disease, and healthy controls as research subjects.

Results: An indirect ELISA assay was developed with 16 kD antigen, 11,488 (CFP10-MPT48-TB8.4)
fusion antigen, and TB18 and pl2 as target antigens against TB antibody. The results of this multicenter
study showed that the sensitivity, specificity, and the area under the receiver operating characteristic
curve (AUC) of the assay were 48.25% [95% confidence interval (CI): 45.5-51.1%], 92.20% (95% CI:
90.7-93.5%) and 0.724 (95% CI: 0.707-0.741), respectively, and the cut-off value was 0.119. According to
the meta-analysis, the combined ROC was 0.736 (95% CI: 0.692-0.779), 1°=83.73%. The sensitivity of the
sputum-positive PTB group (culture or smear positive) was 58.75% (95% CI: 52.96-65.00%); the sensitivity
in sputum-negative group (culture or smear negative) was 37.38% (95% CI: 32.71-42.52%), respectively;
the sensitivity of the sputum-positive group was significantly higher than that of sputum-negative group (OR
=1.57,95% CI: 1.29-1.92, P<0.001).

Conclusions: Multitarget indirect ELISA assay based on specific-TB antigen, fusion antigen, and antibody
peptide is of value for the diagnosis of PTB and can be used as an auxiliary rapid diagnostic tool to improve
the sensitivity of sputum-negative TB.
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Introduction

Tuberculosis (TB) is caused by Mycobacterium tuberculosis
(MTB). Pulmonary tuberculosis (PTB) is the most common
type. Factors such as immune deficiency, drug and alcohol
abuse can increase the risk of developing tuberculosis. As an
ancient infectious disease, tuberculosis is a serious threat to
human health. At present, Asia and Africa have the largest
number of TB burden countries in the world. China is one
of the high TB burden countries (HBCs), ranking second
among 22 HBCs in the world (after India) (1). PTB is
the most common type of TB. Difficult diagnosis is one
of the most important reasons why TB is hard to control
(2-4). At present, bacteriological smear examination and
culture are still the main methods in the clinical application
of TB etiology examination, but the sensitivity of smear
examination is low. Conventional culture takes 4 to 8 weeks,
and rapid instrument culture methods (BD BACTEC
MGIT960, Becton, Dickinson and Company, Franklin
Lakes, NJ, USA; Merier BacT/Alert 3D, Biomerieux,
Marcy-1'Etoile, France and other mycobacterium culture
detection systems) take 2 to 6 weeks, and such turnaround
times do not meet the needs of clinical treatment (5-7).
In recent years, some new rapid TB diagnosis and drug
resistance detection technologies, such as Xpert MTB/
RIF (Centers for Disease Control and Prevention, Atlanta,
GA, USA), linear probe technique (8,9), and interferon-
y-releasing assays (IGRAs) (10,11), have been developed
successfully. However, due to their high cost, incomplete
drug resistance spectrum detection, or expensive
instruments, their clinical application is limited.

The detection of serum antibody in patients with TB is
a rapid detection method. In recent years, some antibody
assays for the diagnosis of TB based on IgA or/and IgG
or/and IgM against immunodominant antigens including
MTB Rv2031, the novel polyprotein, genus and species-
specific antigen shave been used in clinical practice
(12-17), but their sensitivity is still not high. The main
reason is that the current TB detection assays have single-
target designs. Previous studies have suggested that
multiple-antigen approaches may improve detection of TB
(18,19). Therefore, this study intends to use specific antigen
protein plus peptide against T'B antibody as targets to detect
specific TB antibodies in patients’ serum to establish a more
sensitive method for the diagnosis of TB. We present the
following article in accordance with the STARD reporting
checklist (available at https://dx.doi.org/10.21037/atm-21-
5598).

© Annals of Translational Medicine. All rights reserved.

Hu et al. Multitarget indirect ELISA for tuberculosis

Methods
Ethical statement

This study was approved by the Ethics Committee of the
Shanghai Pulmonary Hospital of the Tongji University
School of Medicine (Shanghai, China) (No. K19-060Y).
All experiments were performed following the Helsinki
Declaration (as revised in 2013). Verbal informed consent
was obtained from each participant.

Strains and reagents

MTB H37Rv standard strain, Escherichia coli dbSa, BL21
(DE3), and pet30a vectors were preserved in our laboratory;
PMD18-T vector was purchased from Bao Bioengieering
Co., Ltd (Dalian, China); instrumental enzymes and reagents:
restriction endonuclease, T4 ligase, tap enzyme, isopropyl
p-d-1-thiogalactopyranoside (IPTG), and purification assay
were purchased from Takara Bio (Mountain View, CA,
USA); HIS-tag purification kit was purchased from Novagen
(Madison, WI, USA); horseradish peroxidase (HRP) goat
anti-human immunoglobulin G (IgG) was from Jackson
ImmunoResearch (West Grove, PA, USA); and primers were
synthesized by a Shanghai bioengineering company and
sequenced by a Yingjun bioengineering company.

Target antigen screening

The process for typing antigen screening was as follows:
(I) Cloning of MTB antigen: the website of the National
Center for Biotechnology (http://www.ncbi.nlm.nih.gov/)
was searched to identify the gene sequence of the H37Rv
strain. H37Rv chromosome DNA was used as a template
to amplify the corresponding gene fragment. (II) The
recombinant protein was collected, purified, and renatured.
The recombinant strain was cultured in lysogeny broth
(LB) medium to obtain the corresponding antigen protein.
The target protein was eluted using urea and imidazole, and
then refolded using phosphate buffer saline step by step.
(III) Identification of antigenicity of recombinant protein:
the immunogenicity of purified protein was verified using
SDS-PAGE western blot. For specific methods, refer to our
published article (20,21).

Screening of antibody binding peptides

The purified serum IgG of TB patients was used to screen
TB-specific antibody-binding peptide from phage display of
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seven random peptide libraries to obtain antibody-binding
peptides of TB18 and P12. The main process was as follows:
(D) purification of serum IgG from TB patients and healthy
people: the mixed serum samples of 12 TB patients and 12
healthy people were purified using a protein A/g agarose
column, and their purity and concentration were assessed
using protein electrophoresis and the Bradford method. (II)
Screening of phage display peptide library: serum IgG of
TB patients was used as a screening target molecule, and
IgG of healthy people was used as an antiscreening target
molecule. The random seven peptide library was screened
according to the process of adsorption, elution, and
amplification. After three rounds of panning, a single phage
was selected for amplification, purification, and sequencing.
The positive clones were identified using indirect enzyme-
linked immunoassay (ELISA), and the peptide sequence
was obtained. (III) Peptide synthesis and serum samples
detection: the serum of TB patients and control serum
(non-TB patients and healthy people) were used to evaluate
the serological detection value of different peptides to
obtain effective antibody-binding peptide and its detection
method. For specific methods, refer to our published
article (22,23).

Establishment of indirect ELISA assay

Sixteen KD antigen and fusion antigen 11,488 (CFP10-
MPT48-TB8.4) were successfully obtained, and antigens
were immunogenic. Sixteen KD antigen and fusion antigen
11,488 and high-affinity epitope determinants TB18
and P12 were optimized using an indirect ELISA assay.
The indirect ELISA assay was designed according to the
principle of the double antigen sandwich method using a
multitarget material-coated carrier: the concentration of
multitarget material was 5 pg/mL 16 kD, 10 pg/mL 11,488,
10 pg/mL TB18, and 10 pg/mL P12; each well was coated
with 100 pL per plate and left overnight at 4 °C. After
washing, it was sealed with blocking liquid containing 5%
skimmed milk powder for 1 h. After washing, 100 pL of
serum (diluted 5:100 in buffer PBS, ph7.4) were added,
and it was incubated at 37 °C for 1 h. After washing, biotin
labeled antibody diluted with 1:10,000 was added, and it
was incubated at 37 °C for 1 h. After washing, 100 pL of
HRP-labeled avidin were added and it was incubated at
37 °C for 0.5 h. Tetramethylbenzidine was added for 10 min
at room temperature, and the absorbance value was detected
at 450 nm after termination of the reaction. There were
three multiple wells in the experiment, including negative,
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positive, and blank control.

Source and screening of participants

The random patients were from six health centers (Center
1: Shanghai Pulmonary Hospital; Center 2: Shanghai
Public Health Center; Center 3: Chengdu Tuberculosis
Prevention and Control Hospital; Center 4: Hangzhou
Red Cross Hospital of the Zhejiang Province; Center 5:
Guangxi Longtan Hospital; Center 6: Shanxi Provincial
Tuberculosis Prevention and Control Hospital), and the
samples were collected from December 2008 to December
2015. The diagnostic criteria of pulmonary TB were: (I)
positive smear or culture of TB; or (I) diagnosis of sputum-
negative TB with typical pulmonary TB symptoms and
chest X-ray manifestations; effective anti-TB treatment;
exclusion of other nontuberculous pulmonary diseases after
examination; positive antituberculosis antibody in serum;
positive polymerase chain reaction (PCR) detection of
tuberculous bacteria in sputum; pathological confirmation
of TB in lung tissue; and acid-fast mycobacteria were found
in the bronchoalveolar lavage fluid. If any of the above three
criteria were met, a diagnosis of bacterial-negative TB was
made. Exclusion criteria: human immunodeficiency virus
(HIV) or immunocompromised patients. The participants
in the disease control group were: non-TB patients with
various lung diseases, including lung cancer, pneumonia,
tracheitis, emphysema, bronchiectasis, etc., all without a
TB history. The healthy control group comprised healthy
people.

Serological detection of TB antibody

The serum samples from the six centers were evaluated
using an indirect ELISA assay. According to the operating
instructions, the laboratory staff of each center conducted
independent blind detection and recorded the optical
density (OD) values. No clinical information and reference
standard results were available to the performers and
assessors of the index test.

Statistical analysis

MedCale 15.2 was used to calculate the sample size, cut-
off value (OD value corresponding to the largest Youden
index), sensitivity, specificity, area under receiver operating
characteristic curve (AUC), and 95% confidence interval
(CI) of each center and all centers combined. The overall
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Figure 1 Screening results of included subjects. TB, tuberculosis; No-TB, no tuberculosis.

ROC values were combined using meta-analysis, and the
heterogeneity was observed. To observe the threshold effect,
the sensitivity and specificity of each center were used for
nonparametric correlation analysis. The positive detection
rates of the two groups were counted and their values were
compared. A P<0.05 was considered as indicating statistical

significance.

Results
Screening process of clinical validation research objects

The screening process of included studies is shown in Figure
1. A total of 2,721 samples were included in this trial: 1,258
cases in the TB group and 1,463 cases in the control groups

© Annals of Translational Medicine. All rights reserved.

(disease control: 676 cases, healthy control group: 787 cases).

Clinical and demograpbic characteristics of the study
population

The general characteristics of the subjects were as follows:
age 43.27-51.5 (interquartile range, IQR), and the
proportion of males was 58.57% (Tlable 1). The sample size
range of the TB group was 112 to 350, that of the disease
control group was 100 to 129, and that of healthy control
group was 90 to 247 (1uble 1).

Results of clinical validation

The validation results of each center showed that the
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Table 1 Clinical and demographic characteristics of the study population
Centers Age, median [IQR], Gender, male/female HIV (yes or no) Sample size

years B No-TB control Health control Total
Center 1 51 [31.5-66] 180/140 (56.25%) No 112 118 90 320
Center 2 40 [27-54] 294/213 (57.99%) No 285 113 109 507
Center 3 43 [28-57] 193/162 (54.37%) No 142 100 113 355
Center 4 45.5 [33.5-59] 177/146 (54.8%) No 119 101 103 323
Center 5 44 [34-52.5] 298/192 (60.82%) No 250 115 125 490
Center 6 42.5 [29-52] 443/283 (61.02%) No 350 129 247 726
Total 43 [27-51.5] 1,585/1,136 (58.25%) No 1,258 676 787 2,721

Center 1: Shanghai Pulmonary Hospital; Center 2: Shanghai Public Health Center; Center 3: Chengdu Tuberculosis Prevention and Control
Hospital; Center 4: Hangzhou Red Cross Hospital of Zhejiang Province; Center 5: Guangxi Longtan Hospital; Center 6: Shanxi Provincial
Tuberculosis Prevention and Control Hospital. HIV, human immunodeficiency virus; TB, tuberculosis.

Table 2 Multicenter clinical validation results of multi-target indirect enzyme-linked immunoassay assay for tuberculosis antibody

Centers Sensitivity (95% Cl) (%) Specificity (95% Cl) (%) AUC (95% Cl)

Center 1 60.71 (51.0-69.8) 90.38 (85.5-94.0) 0.802 (0.754-0.844)
Center 2 43.66 (35.4-52.2) 92.96 (88.7-96.0) 0.75 (0.702-0.794)
Center 3 44.72 (38.8-50.7) 96.4 (92.4-98.1) 0.658 (0.615-0.699)
Center 4 56.00 (49.6-62.2) 90.83 (86.5-94.2) 0.796 (0.757-0.831)
Center 5 52.1 (42.8-61.3) 97.06 (93.7-98.9) 0.727 (0.675-0.775)
Center 6 44.16 (38.9-49.5) 90.11 (86.6-92.9) 0.686 (0.650-0.719)
Total 48.25 (45.5-51.1) 92.20 (90.7-93.5) 0.724 (0.707-0.741)

Center 1: Shanghai Pulmonary Hospital; Center 2: Shanghai Public Health Center; Center 3: Chengdu Tuberculosis Prevention and Control
Hospital; Center 4: Hangzhou Red Cross Hospital of Zhejiang Province; Center 5: Guangxi Longtan Hospital; Center 6: Shanxi Provincial
Tuberculosis Prevention and Control Hospital. AUC, area under the receiver operating characteristic curve.

sensitivity ranged from 43.66% to 60.71%, the specificity
from 90.11% to 97.06%, and the AUC from 0.658 to 0.802
(Table 2, Figure 2).

Compared with comprehensive diagnostic criteria, the
sensitivity, specificity and AUC of the assay were 48.25%
[95% confidence interval (CI): 45.5-51.1%], 92.20%
(95% CI: 90.7-93.5%) and 0.724 (95% CI: 0.707-0.741),
respectively, and the cut-off value was 0.119.

Meta-analysis showed that the AUC of each single
center was 0.736 (95% CI: 0.692-0.779, random effects,
I’=83.73%), indicating heterogeneity among centers
(Figure 3). Spearman’s nonparametric correlation analysis
showed that the correlation coefficient of the specificity and
sensitivity was -0.0857, 95% CI: -0.839 to 0.780, P=0.8717,
indicating that there was no threshold effect in this study.

© Annals of Translational Medicine. All rights reserved.

Sensitivity of sputum-positive and sputum-negative groups

The cut-off value of the assay was 0.118, and the positive
detection rate of the sputum-positive group was 58.75%
(376/640, 95% CI: 52.96-65.00%); the sensitivity in
the sputum-negative group (culture or smear negative)
was 37.38% (95% CI: 32.71-42.52%), respectively; the
sensitivity of the sputum-positive group was significantly
higher than that of the sputum-negative group (OR =1.57,
95% CI: 1.29-1.92, P<0.001).

Adverse events

There were no adverse events from performing the index
test.
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Figure 2 Receiver operating characteristic curves of multicenter clinical validation of multitarget indirect enzyme-linked immunoassay
assay for tuberculosis antibody. Center 1: Shanghai Pulmonary Hospital; Center 2: Shanghai Public Health Center; Center 3: Chengdu
Tuberculosis Prevention and Control Hospital; Center 4: Hangzhou Red Cross Hospital of the Zhejiang Province; Center 5: Guangxi
Longtan Hospital; Center 6: Shanxi Provincial Tuberculosis Prevention and Control Hospital.

Discussion

Finding a practical and rapid diagnostic tool for TB is a
priority. To date, many TB-antibody diagnostic assays
have been developed (12-17). However, according to
research reports, all assays have been developed based
on a single antigen, fusion antigen, epitope, and short
peptide determinant. Our previous study showed that there
combinant antigen proteins including Rv2031c, Rv0577,
and Rv0934 have a certain diagnostic performance, but its
value is limited and need be improved (24).

It is clear that there is heterogeneity in TB populations,
and some patients are not producing antibodies against
certain antigens, which leads to false negative results. To
avoid this situation, we selected TB target antigens with
high sensitivity to design targets against TB antibodies,
and further developed an indirect ELISA method for
the serological diagnosis of PTB. The use of a variety of

© Annals of Translational Medicine. All rights reserved.

antigens can improve the sensitivity, but each antigen has
a determinant epitope that binds to a specific antibody,
and each of the epitopes binds to a nonspecific antibody
determinant, resulting in a decrease in specificity. To solve
this dilemma, we used specific TB antibody-binding peptide
to bind with a variety of antigens to block the binding sites
of non-specific antigen determinants, so as to improve the
specificity.

The validation results of each center show that the
sensitivity range of the method is 43.66-60.71%, that of
the specificity is 90.11-97.06%, and that of the ROC is
0.658-0.802. The results of this multicenter validation
showed that the sensitivity, specificity, and ROC (95% CI)
of the assay were 48.25% (95% CI: 45.5-51.1%), 92.20%
(95% CI: 90.7-93.5%) and 0.724 (95% CI: 0.707-0.741%),
respectively, and the cut-off value was 0.119. These results
suggest that the assay is of diagnostic value.
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Figure 3 Meta-analysis of area under the receiver operating
characteristic curve in multicenter clinical validation of multitarget
indirect enzyme-linked immunoassay assay for tuberculosis
antibody. Center 1: Shanghai Pulmonary Hospital; Center 2:
Shanghai Public Health Center; Center 3: Chengdu Tuberculosis
Prevention and Control Hospital; Center 4: Hangzhou Red Cross
Hospital of the Zhejiang Province; Center 5: Guangxi Longtan
Hospital; Center 6: Shanxi Provincial Tuberculosis Prevention
and Control Hospital. AUC, area under the receiver operating

characteristic curve; ROC, receiver operating characteristic curve.

According to the meta-analysis, the AUC of each single
center was combined. The results showed that the pooled
AUC was 0.736 (95% CI: 0.692-0.779), '=83.73% (>50%),
indicating that there was significant heterogeneity between
the centers. Spearman’s correlation analysis showed that
there was no threshold effect in this study. The authors
believe that different locations and test conditions may
jointly affect the results of the evaluation.

The sensitivity in the sputum-negative group (culture
or smear negative) was 37.38% (95% CI: 32.71-42.52%),
respectively; the sensitivity of the sputum-positive group
was significantly higher than that of the sputum-negative
group (OR =1.57, 95% CI: 1.29-1.92), suggesting that the
production of TB antibodies may be affected by the load
of antigen. However, in the sputum-negative group, the
assay has also proven valuable in patients with negative TB,
which can help to improve the diagnostic rate.

Compared with other methods, indirect ELISA is more
rapid and simpler, and it is suitable for most laboratories
(15,24-26), and as such it has strong applicability. In this
study, although we selected combined multitarget antigens,
this approach nonetheless has some limitations (potential
bias for selection sample bias and unsatisfactory sensitivity).

© Annals of Translational Medicine. All rights reserved.
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At present, tuberculosis complicated with fungal infection
is a hot topic. They have similar clinical manifestations
(chronic cough, expectoration, intermittent hemoptysis)
and similar imaging features. In our study, the controls are
mainly pneumonia, bronchitis, emphysema, etc. However,
some cases are caused by fungal infection (27,28), we will
focus on the differential diagnosis of specific fungal patients
in future. Multi-target indirect ELISA is a combination
of specific antigen, fusion antigen and antibody binding
peptide, and one of its advantages can be applied to detect
patients with drug-resistant M7TB and with different
treatment history. It is clear that antibodies are not affected
by these factors. Considering the current approach to
the diagnosis of TBs, we recommend this method as an
auxiliary diagnostic tool for the diagnosis of pulmonary TB,
but the negative results still need to be interpreted carefully.

In summary, multitarget indirect ELISA assay based on
specific TB antigen, fusion antigen, and antibody peptide
has certain value for the diagnosis of PTB and can be
used as an auxiliary rapid diagnostic tool to improve the
sensitivity of sputum-negative TB.
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