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Abstract 
The MTB39A protein is a member of the unique Mycobacterium tuberculosis (MTB) PE/PPE protein family and is the main 
candidate for tuberculosis (TB) diagnosis. The aim of this study was to establish a novel indirect ELISA (iELISA) method 
that uses antibodies against MTB. The MTB39A gene sequence was synthesized according to the MTB39A nucleotide 
sequence of the MTB H37Rv strain (GenBank accession number: NC_000962.3) and cloned into the pET28a( +) vector. 
After correct sequencing, it was transferred to Escherichia coli BL21 (DE3) receptor cells for expression and purification, 
and the purified recombinant protein was identified by SDS-PAGE and western blotting. The purified MTB39A protein was 
used as the capture antibody, and a rabbit polyclonal antibody against the MTB MTB39A protein was used as the detection 
antibody to establish an indirect ELISA method. The ELISA conditions were optimized, and the optimal coating concentra-
tion of the MTB39A antigen was determined to be 0.5 μg/mL. The optimal dilution of MTB39A rabbit polyclonal antibody 
was 1:4096, and the optimal dilution of HRP-goat anti-rabbit IgG was 1:4000. The results showed that this indirect ELISA 
method has high sensitivity, specificity and efficacy for MTB39A protein detection. Moreover, this indirect ELISA method 
has optimal stability and can be used for the initial detection of MTB antibodies in clinical human and bovine serum sam-
ples. The establishment of this assay provides a new method for the rapid diagnosis of MTB and technical support for the 
prevention and control of tuberculosis.

Key points
• MTB MTB39A protein was expressed in a prokaryotic expression system.
• Rabbit polyclonal antibody against MTB39A was prepared.
• To establish an iELISA based on the MTB39A protein for the detection of MTB antibodies.
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Introduction

Mycobacterium tuberculosis (MTB) is the pathogen that 
causes tuberculosis (TB), and it is also the most important 
cause of death from single microbial infection. The dis-
ease mainly infects the lungs (pulmonary tuberculosis), but 
it can also infect other areas of the body (extrapulmonary 

tuberculosis). According to data published by the World 
Health Organization in 2022 (WHO 2022), at present, 1/4 of 
the world’s people are currently infected with Mycobacterium 
tuberculosis, approximately 10 million people suffer from TB 
every year, TB caused by Mycobacterium bovis accounts for 
5% of all TB cases, and approximately 1.2 million people 
die from TB (Roos et al. 2018). It has caused huge economic 
losses to the human and cattle breeding industry in many 
countries around the world, making the prevention and con-
trol of tuberculosis of utmost importance. Early diagnosis can 
decrease the transmission of TB, which is greatly important 
for the prevention and control of TB (Burki 2010).

At present, the early diagnosis methods of TB include 
chest X-ray, bacteriological tests, purified protein derivative 
(PPD) skin tests, and nucleic acid amplification molecular 
biology detection, which are limited in clinical use due to the 
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need for specialized instrumentation or long testing cycles 
(Correia-Neves et al. 2019; Sanchez-Cabral et al. 2020). In 
contrast, ELISA is widely used for the detection of various 
pathogenic bacteria due to its high specificity, sensitivity, 
reproducibility, and applicability for large sample volumes. 
Therefore, the search for MTB antigens with excellent sen-
sitivity and specificity that can be used in the serological 
detection of TB remains an important goal for early detec-
tion and diagnosis.

To date, the diagnostic markers for MTB include the 
Ag85 complex (Barbier et al. 2023), ESAT-6 (Dewi et al. 
2019; Zhang et al. 2022), CFP10 (Seele et al. 2023), MPT64 
(Wang et al. 2020), and PPE17. Among them, the vaccine 
MVA85A with Ag85A as the antigen was found to be inef-
fective in enhancing the protective effect of BCG-immu-
nized infants against MTB infection (Tameris et al. 2013). 
The positive detection rate of ESAT-6 and CFP10 for TB is 
only 80%, and it is hard to distinguish latent infections from 
active TB infections (Dosanjh et al. 2011). The MTB39A 
(PPE 18) protein, which belongs to the PE/PPE protein 
family (Hakim and Yang 2020; Ottenhoff 2020; Ullah et al. 
2020), has 99% homology with the MB97 gene in Mycobac-
terium bovis AF1228/2122 and may be a potential diagnostic 
marker in humans and bovines due to its high specificity and 
optimal immunogenicity (Dolasia et al. 2021).

Therefore, this study established a rapid, effective, and 
high-throughput indirect ELISA detection method using 
purified MTB MTB39A recombinant protein as the coating 
antigen, providing a new method for the detection of MTB 
infection and evaluation of vaccine immune efficacy.

Materials and methods

Strain and serum samples

The prokaryotic expression vector pET28a( +) (Invitrogen, 
USA) and Escherichia coli BL21 (DE3) strain (Invitrogen, 
USA) were preserved in our laboratory. Serum from patients 
positive and negative for TB was provided by the Fourth 
People’s Hospital of Yinchuan, Ningxia. New Zealand white 
rabbits (male, 2.5 kg) were purchased from Ningxia Medical 
University (certificate number: IACUC-NYLAC-20).

Construction of the MTB39A gene recombinant 
plasmid

The MTB39A gene (Nanjing Kingsray Biotechnology Co., 
Ltd.) was designed by selecting the corresponding gene 
sequence of the MTB39A protein from the MTB H37Rv 
strain (GenBank accession number: NC_000962.3) and the 
His tag sequence as the purification site. The pET28a( +) 
vector was ligated with the MTB39A gene using NdeI and 

HindIII endonucleases. The plasmid was extracted, digested 
and detected by agarose gel electrophoresis and verified 
by sequencing (Jilin Kumi Co., Ltd.), and the sequence of 
the target gene was compared with the sequencing result 
sequence by Snapgene 3.2.1 software.

Identification of the optimal conditions 
for induction of recombinant MTB39A protein 
expression in E. coli.

The identified recombinant plasmid was transferred into E. 
coli BL21 (DE3) receptor cells for the induction of expres-
sion. The induction (37 °C, 180 rpm) was carried out at 
0.25 mM, 0.5 mM, and 1 mM concentrations of IPTG for 
3 h and 16 h and incubated at different temperatures of 20 °C 
and 16 °C to determine the optimal induction expression 
conditions. The induced bacterial broth was centrifuged, and 
the supernatant and precipitate were collected separately, 
added to protein loading buffer, and subjected to SDS-PAGE 
electrophoresis in a boiling water bath for 10 min, as well as 
Coomassie brilliant blue (CBB).

Purification and western blot identification 
of the recombinant MTB39A protein

After determining the optimal conditions for expression 
induction, the bacteria were cultured in large numbers and 
sonicated to kill the bacteria, and the supernatant and precipi-
tate after sonication were collected to analyze the expression 
of the recombinant protein. MTB39A protein was purified 
using Ni2+ affinity chromatography, eluted with elution buffer 
(20 mmol/L Tris–HCL, 500 mmol/L imidazole), and finally, 
the target protein was gradient-replicated at 4 °C at 6 M, 4 M, 
2 M, and 0 M. The purified protein concentrations were quan-
tified using the BCA Protein Assay Kit (KeyGEN, Jiangsu, 
China). The obtained inclusion bodies were identified by 
SDS-PAGE and western blotting with the purified proteins.

Recombinant MTB39A protein activity assay

The purified MTB39A protein was subjected to SDS-PAGE 
and blotted onto 0.22-μm nitrocellulose membranes using 
a Bio-Rad Mini Trans-Blot Cell (Bio-Rad) for western 
blotting. Closure was performed using 5% skim milk pow-
der, followed by overnight incubation at 4 °C with human 
healthy/TB-positive, bovine healthy/TB-positive sera diluted 
to 1:10, incubated with HRP-coupled anti-human/bovine, 
washed three times with TBST (20 mM Tris, 150 mM NaCl, 
0.2% Tween 20), and finally with ECL luminescence rea-
gent (Abclone, China) and placed in an image acquisition 
instrument for imaging (GE Amersham Imager600, USA). 
Fourteen human TB-positive serum samples, five human 
TB-negative serum samples, five bovine TB-positive serum 
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samples, and one bovine TB-negative serum samples from 
the Fourth People’s Hospital of Ningxia Hui Autonomous 
Region (China) were determined to be TB-positive by posi-
tive sputum smears and lung pathology cuts.

Preparation of MTB39A protein polyclonal antibody

The MTB39A protein was diluted to a concentration of 1 
mg/mL. The protein was subcutaneously injected into the 
backs of New Zealand rabbits at 0, 10, 20, and 30 days. Each 
immunization was performed with 1 mL of adjuvant and 1 
mg/mL of antigen, which was emulsified with an equal vol-
ume of Freund’s adjuvant. Freund’s complete adjuvant was 
used for the first immunization, and Freund’s incomplete 
adjuvant was used for the other three booster immunizations.

Blood was collected from the ear margin vein of each 
rabbit before immunization at 0 day. Serum was isolated and 
used as a negative control. On the 37th day postimmuniza-
tion, blood was collected from the heart of each experimen-
tal rabbit, and the whole blood samples were placed at 37 
°C for 1 h and centrifuged at 4000 rpm for 10 min at 4 °C. 
The separated serum was stored at − 80 °C. The antiserum 
was purified using a Protein A column.

Establishment of an indirect ELISA based 
on the recombinant MTB39A protein antibody

The purified MTB39A protein was diluted with coating solu-
tion at concentrations of 0.25 μg/mL, 0.5 μg/mL, 1 μg/mL, 
1.5 μg/mL, 2 μg/mL, and 2.5 μg/mL per well in 96-well 
ELISA plates at 100 µL/well and incubated overnight at 4 
°C. Five percent bovine serum albumin (BSA) was used as 
the blocking solution for 30 min, 60 min, 90 min, 120 min, 
60 min, 90 min, and 120 min. MTB39A rabbit polyclonal 
antibody was used as the primary antibody (100 µL/well) 
and diluted 1:27, 1:28, 1:29, 1:210, 1:211, 1:212, 1:213, and 
1:214, and the negative control was normal rabbit serum. 
The primary antibody was incubated at 37 °C for 1 h. PBST 
was used to wash the plate, and the diluted (1:1000, 1:2000, 
1:4000, 1:8000) secondary antibody HRP-goat anti-rabbit 
IgG (Proteintech) was added to each well. TMB was used for 
color development, and 2 mol/L H2SO4 termination solution 
was added to determine the OD450 nm value.

The sample P/N values (P represents the positive serum 
OD450 nm value, N represents the negative serum OD450 nm 
value) of each sample were used to determine the optimal anti-
gen coating concentration, primary antibody dilution, enzyme-
labeled secondary antibody dilution, and incubation time.

Determination of the threshold value

The established indirect ELISA was used to determine the 
OD450 nm values of 20 negative serum samples, and the 

mean OD450 nm value (X) and standard deviation (SD) of 
these samples were calculated. When the OD450 nm value 
of the sample was greater than X + 3 SD, the sample was 
considered positive; when the OD450 nm value was less 
than X + 2 SD, it was considered negative; and when it was 
between the two, it was considered suspected.

Sensitivity and specificity test

The sensitivity of the established and optimized indirect 
ELISA was verified by measuring the absorbance value 
at OD450 nm and multiplying it by the MTB39A rab-
bit multiple antibody dilution. Next, the specificity of the 
MTB39A rabbit polyclonal antibody was verified by using 
the MTB39A protein, Salmonella typhimurium 14,208, 
Micrococcus garciniae, Escherichia coli 83,922, Escheri-
chia coli 83,905, or Escherichia coli 83,684 as the capture 
antibody and the MTB39A rabbit polyclonal antibody as the 
detection antibody.

Intrabatch and interbatch replicate assays

Using the established indirect ELISA, the rabbit MTB39A 
polyclonal antibody and the negative antibody were tested 
in 3 batches and 3 interbatches to calculate the coefficient of 
variation, thus assessing their reproducibility.

Detection of clinical samples

Thirty-six human TB-positive serum samples and 21 human 
TB-negative serum samples (serum were gifted by Ningxia 
No. 4 People’s Hospital) were assessed at an OD450 nm 
using an established ELISA method. All serum samples with 
OD450 nm values above 0.282 were considered positive for 
MTB39A antibodies, those with values less than or equal to 
0.257 were recognized as negative for MTB39A antibod-
ies, and samples with values between 0.257 and 0.282 were 
recognized as suspected.

Result

Construction and validation of the recombinant 
expression vector pET28a‑MTB39A

The MTB39A gene was cloned into the pET28a( +) vector 
through NdeI and HindIII endonuclease, and the positive 
clone with correct digestion and sequencing was named 
pET28a-MTB39A. The gel electrophoresis results are 
shown in Fig. 1. The samples from left to right are 1 kb plus 
marker, pET28a-MTB39A, pET28a-MTB39A/NdeI (6328 
bp), pET28a-MTB39A HindIII (6328 bp), and pET28a-
MTB39A/NdeI + HindIII (5122 bp, 1206 bp). The size 
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of the pET28a-MTB39A recombinant plasmid matches 
expectations.

Purification and identification of the recombinant 
MTB39A protein

The identified recombinant plasmid was transferred into E. 
coli BL21 (DE3) receptor cells for the induction of expres-
sion. The induction (37 °C, 180 rpm) was carried out at 
0.25 mM, 0.5 mM, and 1 mM concentrations of IPTG for 
3 h and 16 h at both 20 °C and 16 °C to determine the opti-
mal induction expression conditions. The induced bacterial 
broth was centrifuged, and the supernatant and precipitate 
were harvested separately. Protein loading buffer was added, 
and SDS-PAGE electrophoresis was performed in a boiling 
water bath for 10 min, as well as Coomassie brilliant blue 
(CBB) staining. Figure 2a shows that the optimal inducible 
expression conditions were 1 mM IPTG, 37 °C, and 3 h. 
After determining the best inducible expression conditions, 
the bacterium was cultured and killed in large quantities, and 
the inclusion body protein was prepared and purified. The 
obtained inclusion bodies and purified eluate were subjected 
to SDS-PAGE electrophoresis and detection of His-tagged 
protein. The molecular weight of the recombinant MTB39A 
protein was 39 kDa, as shown in Fig. 2b, and the molecular 

weight was consistent with the predicted size. The obtained 
protein was identified as MTB39A.

Protein activity assay

The activity of the obtained MTB39A purified protein with 
inclusion bodies was tested using 14 human TB-positive 
patient serum samples, 5 healthy human serum samples, 5 
bovine TB-positive serum samples, and 1 healthy bovine 
serum sample. As shown in Fig. 3, the MTB39A protein 
exhibited detectable activity against all TB-positive sera but 
not against healthy sera (Fig. 4). It was concluded that all of 
the obtained MTB39A proteins were suitable for diagnos-
ing TB.

Establishment of an indirect ELISA method based 
on the MTB39A protein polyclonal antibody

The MTB39A protein was used as the capture antibody, and 
the rabbit polyclonal antibody against the MTB39A protein 
was serially diluted and then subjected to indirect ELISA. 
The results showed that the MTB39A protein coating con-
centration was 0.5 μg/mL, and the rabbit polyclonal antibody 
against MTB39A had an OD450 nm of 1.45 and the negative 
control OD450 nm of 0.26, with a maximum P/N value of 
5.58. Therefore, the optimal coating concentration of the 
MTB39A protein was determined to be 0.5 μg/mL (Fig. 5a). 
When the dilution of MTB39A rabbit polyclonal antibody 
was 212, i.e., the rabbit polyclonal antibody dilution ratio 
was 1:4096, the OD450 nm and P/N value were the larg-
est, and the optimal dilution of MTB39A rabbit polyclonal 
antibody was determined to be 1:4096 (Fig. 5b). The dilu-
tion of goat anti-rabbit enzyme-labeled antibody was opti-
mized, and HRP-labeled goat anti-rabbit IgG was diluted 
at 1:4000 with the maximum P/N value (Fig. 5c). Based on 
the optimal working antigen concentrations, antibody and 
enzyme-labeled secondary antibody, the incubation time 
with 5% BSA was optimized, and the OD450 nm and P/N 
values were maximized when the 5% BSA incubation time 
was 120 min, so the most suitable incubation time for the 
MTB39A protein rabbit polyclonal antibody indirect ELISA 
was determined to be 120 min at 37 °C (Fig. 5d).

Critical value determination for the indirect ELISA

Using the established indirect ELISA, the OD450 nm values 
of 20 negative antibodies were measured (Table 1), and the 
mean OD450 nm value (X) and standard deviation (SD) of 
these samples were calculated. The samples were considered 
positive when the OD450 nm value > X + 3 SD, negative 
when the OD450 nm value < X + 2 SD, and suspected when 
they were in between.

Fig. 1   Identification of recombinant plasmids by enzyme digestion
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By statistical analysis, the overall mean value of the nega-
tive control was 0.207, and the standard deviation (SD) was 
0.025, so the positive threshold value was 0.282, and the 
negative threshold value was 0.257 (Fig. 6).

Specificity and sensitivity of the indirect ELISA

The specificity of the rabbit polyclonal antibody detection 
was verified by using MTB39A protein, Salmonella typh-
imurium 14,208, Micrococcus garciniae, E. coli 83,922, 
E. coli 83,905, and E. coli 83,684 cultures as the coating 
antigen and rabbit polyclonal antibody as the detection anti-
body. The results showed that the OD450 nm of the MTB39 
coating antigen was 2.241, and the OD450 nm of several 
other bacteria were lower than the positive threshold value 
of 0.282, indicating that the rabbit polyclonal antibody 
had excellent ELISA detection specificity (Fig. 7a). The 

sensitivity of the established and optimized indirect ELISA 
was verified by serially diluting the rabbit polyclonal anti-
body against the MTB39A protein, and the experimental 
results showed that the OD450 nm was 1.3855 when the 
rabbit antiserum was diluted to 1:32,768, which was still 
above the positive threshold value of 0.282, indicating that 
this indirect ELISA exhibited high sensitivity (Fig. 7b).

Stability validation of the indirect MTB39A rabbit 
polyclonal antibody ELISA

The established indirect ELISA was used to perform batch 
and interbatch assays for rabbit polyclonal and negative anti-
bodies against the MTB39A protein, and the coefficient of 
variation was calculated to verify the stability of the method. 
The test results showed that the coefficient of variation of 
the 3 intrabatch assays was 1.012–2.378%, the coefficient 

Fig. 2   Recombinant MTB39A protein expression, purification, and 
identification. a 1: 0.25  mM IPTG, 16  °C, 16  h; 2: 0.5  mM IPTG, 
16  °C, 16  h; 3: 1  mM IPTG, 16  °C, 16  h; 4: 0  mM IPTG, 20  °C, 
16  h; 5: marker (14–100  kDa); 6: 0.25  mM IPTG, 20  °C, 16  h; 7: 
0.5 mM IPTG, 20 °C, 16 h; 8: 1 mM IPTG, 20 °C, 16 h; 9: 0 mM 
IPTG, 20 °C, 16 h; 10: 0.25 mM IPTG, 37 °C, 3 h; 11: 0.5 mM IPTG, 

37 °C, 3 h; 12: 1 mM IPTG, 37 °C, 3 h; 13: 0 mM IPTG, 37 °C, 3 h; 
b 1: 1  mM IPTG-induced expression and precipitation; 2: superna-
tant induced by 1  mM IPTG; 3–4: purified protein; 5–6: inclusion 
body protein crude products; 7: inclusion body protein crude product 
supernatant. c 1: inclusion body protein crude product supernatant; 2: 
inclusion body protein crude products; 3–6: purified protein
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of variation of the 3 interbatch assays was 1.100–1.825%, 
and the interbatch and intrabatch repeated coefficients of 
variation for both inter- and intrabatch replicates were less 
than 5%, indicating that the established method had optimal 
stability (Table 2).

Preliminary application of ELISA assays for clinical 
samples

The established indirect ELISA method was applied to 36 
human TB-positive serum samples and 21 human TB-neg-
ative serum samples. The results showed that the ELISA 
detected 35 human TB-positive serum samples (35/36) and 
16 human TB-negative serum samples (16/21). iELISA had 

a sensitivity of 97.2% and a specificity of 76.1%, which indi-
cates that this method can be initially used for the detection 
of clinical samples (Table 3).

Discussion

Currently, millions of lives are lost to TB each year due 
to the lack of an effective vaccine, the emergence of drug-
resistant TB strains, poor diagnosis, and slow culture-based 
treatment evaluation. Current TB research is focused on the 
development of vaccines and the discovery of pathogenic 
markers. Markers can be used to predict the risk of MTB 
infection, the efficacy of TB treatment, vaccine efficacy, 

Fig. 3   MTB39A protein activity was detected in human/bovine TB-positive serum. a Human tuberculosis-positive serum; b bovine tuberculosis-
positive serum
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and potential antigen candidates for early diagnostic test-
ing. Therefore, based on previous studies of MTB family 
proteins, our group screened the unique protein family of 
MTB PE/PPE proteins as potential diagnostic markers, of 
which PPE18 (MTB39A) was identified as being involved 
in the development of novel TB vaccines and the patho-
genesis of the disease and is also a major component of the 
M72/AS01E subunit candidate vaccine (Clark et al. 2023; 
Harris et al. 2022). The MTB39A protein is an important 
member of the PE/PPE family of conserved proteins unique 
to MTB and an important virulence factor affecting the bal-
ance of Th1- and Th2-type immune responses in the host 
(Bhat et al. 2012; Dolasia et al. 2021). This protein causes a 
Th2-type immune response in anti-purified protein deriva-
tive (PPD) T cells by inducing IL-10 and IL-12 cytokines 
in macrophages, whereas anti-MTB immunity is mediated 
by Th1-type cellular immunity, with IL-12 regulating Th1-
type cellular immunity and IL-10 interfering with Th1-type 
immunity. (Nair et al. 2011, 2009). MTB39A disrupts mac-
rophage IL-12 and IL-10 balance to establish a Th2-type 
cellular immune response in the host that contributes to the 
survival of MTB. It is also involved in downregulating type I 
interferon expression (Queval et al. 2016), which blocks the 

macrophage response pathway to IFN-γ and leads to poor 
activation of the adaptive immune response in the host. 
These studies may help to elucidate host–pathogen inter-
actions and facilitate the design of diagnostic methods for 
MTB39A to respond to MTB in a timely manner.

Polyclonal antibodies recognize multiple epitopes on anti-
gens and have the advantages of high affinity, amplification 
of target proteins expressed at low levels, and the ability to 
recognize multiple epitopes (Gray et al. 2020; Laustsen et al. 
2021). Compared to monoclonal antibodies, they are more 
inclusive of minor antigenic variations (e.g., polymorphism, 
glycosylation heterogeneity, or slight denaturation) (Mitra 
and Tomar 2021). Therefore, in this study, rabbit polyclonal 
antibodies against the MTB39A protein were prepared to 
achieve higher sensitivity.

Early detection is important for the prevention and 
control of TB, which are key for eliminating the disease. 
Although sputum smear microscopy is widely used, it 
has low sensitivity and is susceptible to interference from 
nontuberculous mycobacteria, and molecular diagnosis by 
MTB has a high detection rate of TB-positive specimens 
but can only detect approximately 50% of TB-negative 
specimens. Moreover, molecular diagnosis is complicated 

Fig. 4   Human/bovine TB-
negative serum was used to 
detect MTB39A protein activity. 
a Healthy human serum; b 
healthy bovine serum
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and prone to cross-contamination, which also limits its 
application in certain regions (Kunnath-Velayudhan et al. 
2012; Mukamolova et al. 2010). In vitro isolation of MTB 

is considered the “gold standard” for the diagnosis of 
pulmonary and extrapulmonary tuberculosis, with a high 
detection rate and strain identification, but these methods 
have limited sensitivity and specificity, are time-consuming 
(6–8 weeks), and are not very useful for early diagnosis 
(Nambiar et al. 2017; Pai et al. 2014). The TB PPD skin 
test is a commonly used clinical immunological test that is 
used for the detection of TB due to its simplicity and speed, 
but it cannot clearly distinguish between BCG immuni-
zation and pathogenic MTB infection, has low differen-
tial diagnostic value, and is prone to high false-positive 
and false-negative results (Mosavari et al. 2021). In con-
trast, ELISA has the advantages of high sensitivity, high 

Fig. 5   Optimization of the indirect MTB39A protein antibody ELISA 
conditions. a Optimization results of the antigen coating concentra-
tion; b optimization results of the suitable dilution ratio of MTB39A 

polyclonal antibody; c optimization results of the suitable dilution 
ratio of goat anti-rabbit enzyme-labeled antibody; d optimization 
results of serum incubation time

Table 1   OD450 nm 
determination of 20 negative 
serum samples

Number OD450nm

1 0.242
2 0.239
3 0.255
4 0.240
5 0.239
6 0.237
7 0.186
8 0.193
9 0.189
10 0.185
11 0.191
12 0.197
13 0.186
14 0.191
15 0.214
16 0.196
17 0.186
18 0.186
19 0.193
20 0.195

Fig. 6   Determination of critical values
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specificity, and suitable stability, and an indirect ELISA 
method using MTB39A protein as the coating antigen was 
established in this study (Engvall and Perlmann 1971; Nas-
sau et al. 1976).

Here, the activity of the prepurified MTB39A protein 
was evaluated in human TB- and bovine TB-positive 
serum samples, and the obtained MTB39A protein was 
found to have diagnostic activity and immunoreactivity 
for TB. An indirect ELISA with a rabbit polyclonal anti-
body against the MTB MTB39A protein was established 
by immunizing New Zealand rabbits with the MTB39A 
protein as the immunogen and optimizing the concentra-
tion of the coating antigen (0.25, 0.5, 1, 1.5, 2, 2.5 μg/
mL) and the dilution of the rabbit polyclonal antibody 

against MTB39A (1:29, 1:210…). The titer of MTB39A 
rabbit polyclonal antibody was 1:32,768. This indirect 
ELISA method has the advantages of high sensitivity, 
high specificity, and optimal stability for MTB39A pro-
tein detection. It has specific recognition ability for the 
MTB39A protein. The results of this study provide a 
high-quality rabbit polyclonal antibody and detection 
method for scientific research and rapid detection of the 
MTB39A protein of MTB and provide a good alternative 
detection product for better prevention and detection of 
Mycobacterium tuberculosis, which is helpful to effec-
tively control tuberculosis infection.
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Fig. 7   Specificity and sensitivity of rabbit polyclonal antibody to MTB39A protein. a ELISA results of MTB39A polyclonal antibody cross-
immune reaction with common foodborne pathogens; b results of MTB39A polyclonal antibody sensitivity test

Table 2   Intrabatch and interbatch stability test results of indirect ELISA

Batch Polyclonal antibodies Number of repetitions Average value Standard deviation Coefficient 
of variation

First time Second time Third time

Intrabatch MTB39A rabbit polyclonal antibody 2.088 2.047 2.075 2.070 0.020952 1.012
Negative rabbit antibody 0.244 0.242 0.253 0.246 0.005859 2.378

Interbatch MTB39A rabbit polyclonal antibody 2.226 2.147 2.197 2.190 0.039962 1.825
Negative rabbit antibody 0.231 0.229 0.226 0.228 0.002517 1.100

Table 3   Testing of 57 clinical samples

Human tuberculosis positive Human tuberculosis negative

iELISA positive iELISA negative iELISA positive iELISA negative

35 1 5 16
Sensitivity = [35/35 + 1] = 97.2%
Specificity = [16/16 + 5] = 76.1%
N = 57
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