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Background: In view of the inability of traditional etiological methods to diagnose pulmonary tuberculosis 
rapidly and effectively, the antibody responses against 38kD and 16kD-antigens of Mycobacterium tuberculosis 
(M. tuberculosis) were both detected in order to obtain a better serological detection method for M. 
tuberculosis.
Methods: M. tuberculosis-secreted protein 38kD and membrane protein 16kD were prokaryotically 
expressed and purified, and then used as detection antigens. A novel evolved immunoglobulin-binding 
molecule (NEIBM)-ELISA method was used to detect antibody levels against 38kD and 16kD in active 
tuberculosis patients (confirmed tuberculosis cases and clinically diagnosed cases), to explore the significance 
of these two antigens in serological detection of M. tuberculosis, and to study the diagnostic value of the 
combined detection of the two antigens in active pulmonary tuberculosis. 
Results: The results showed that the positive detection rates of the 16kD antigen and 38kD antigen of 
M. tuberculosis were higher (about 44%) in the confirmed cases of tuberculosis, and there was no significant 
difference in the positive detection rates of the two antigens (P=0.786). The combined detection of these 
two antigens showed that the positive detection rate could be increased to 61.5%, which was significantly 
better than the detection effect of the two antigens alone. The positive detection rates of 16kD and 38kD 
antigens were 26–30% in clinically diagnosed tuberculosis cases, which were lower than those in confirmed 
tuberculosis cases, and there was no significant difference in the positive detection rates of the two antigens 
(P=0.242). The detection effect of the two combined antigens was better than that of the 16kD and 38kD 
antigens alone, but the detection rate was still lower than that of the confirmed tuberculosis cases.
Conclusions: This study found that the detection effect of 16kD and 38kD antigens was similar in 
confirmed cases and clinically diagnosed cases of pulmonary tuberculosis, and that the detection effect needs 
to be further improved. The combined detection of the two antigens showed a significantly better detection 
effect than the two antigens alone, suggesting that the combined detection of multiple antigens can be used 
for serological diagnosis of M. tuberculosis infection in clinic.
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Introduction

Tuberculosis is a chronic infectious disease caused by the 
Mycobacterium tuberculosis complex (1,2), and has a higher 
infection rate in children and the elderly (3,4). In recent 
years, due to global population movements, lax awareness 
of tuberculosis prevention, the emergence of multidrug-
resistant tuberculosis, and the spread of HIV (5-8), 
tuberculosis has returned to prominence, with its infection 
rate increasing year by year and seriously threatening 
human health and public health safety (9-11). However, 
there is still a lack of simple, rapid, and effective means 
of tuberculosis diagnosis in clinical practice. Therefore, 
early, rapid, and accurate diagnosis of tuberculosis is 
of great significance for the control of a tuberculosis  
epidemic (12,13).

As a global infectious disease, the chemotherapy of 
tuberculosis has been facing severe challenges. The 
chemotherapy of tuberculosis has gradually developed 
from the single drug in the early stage to the most basic 
four drug combination treatment in the 1970s. Since the 
advent of standard short-term chemotherapy, the basic 
principles of early, combined, appropriate, regular and 
whole course anti tuberculosis chemotherapy have been 
running through. Initially-treated sensitive tuberculosis is 
often cured by standardized anti-tuberculosis treatment. 
If diagnosed as drug-resistant tuberculosis, especially 
multidrug-resistant tuberculosis, the difficulty of treatment 
will increase. With the introduction of some new drugs, 
the cure rate of drug-resistant tuberculosis has gradually 
increased. Studies have shown that the success rate of multi-
drug-resistant tuberculosis treatment programs containing 
bedaquiline can reach up to 88% and the cure rate can 
reach 76%. Nevertheless, the early diagnosis and early 
treatment of tuberculosis are still the key to the control of 
the tuberculosis epidemic.

A l t h o u g h  e t i o l o g i c a l  d e t e c t i o n  i s  t h e  g o l d 
standard for tuberculosis diagnosis, it still has many  
limitations (14), including a low detection rate of acid-
fast staining in sputum smears (15,16), long time-
consuming isolation and culture of tuberculosis bacteria, 
expensive nucleic acid detection, high laboratory technical 
requirements, many atypical manifestations on imaging 
examination, and difficulty in finding small lesions (17,18). 
These factors make early diagnosis of tuberculosis a great 
challenge. The immunological diagnosis of tuberculosis has 
been studied more in recent years, with the interferon-γ 
release test (19) demonstrating high sensitivity and 

specificity, and being widely used in the diagnosis of 
tuberculosis; however, it is expensive and cannot discern 
between latent infections, active tuberculosis, and inactive 
tuberculosis well (20,21).

Diagnostic methods for detecting specific antibodies in 
patients’ serum have the advantages of low cost, simplicity, 
and speed, and have been applied in the diagnosis of various 
diseases (22). At present, the commonly used serological 
diagnostic method is enzyme-linked immunosorbent assay 
(ELISA), which can detect specific antigens in serum. The 
ELISA method is simple and fast, and is widely used in 
the serological diagnosis of tuberculosis (23-25). Thus far, 
however, the sensitivity and specificity of the antigens used 
have been poor and need to be further improved (26-30). 
The 16kD protein (heat shock protein HspX, Rv2031c), 
as a small molecule heat shock protein, has strong species 
specificity, and, as a membrane protein, is anchored on the 
cell membrane and has strong immunogenicity (31,32). 
Meanwhile, the 38kD protein (periplasmic phosphate-
binding lipoprotein PstS1, RV0934), which is a tuberculosis 
secretory protein (33), is generally believed to be secreted 
during infection and is expected to be used to assist in 
judging the infection status of tuberculosis (29,34).

Therefore, in this study, the secreted protein 38kD 
and the relatively conserved membrane protein 16kD of 
M. tuberculosis were used as detection antigens, and the 
superior antibody detection effect of the novel evolved 
immunoglobulin-binding molecule (NEIBM)-ELISA 
method was used (35,36) to detect the serum antibody 
level of active tuberculosis patients. Through this, we hope 
to explore the significance of these two antigens in the 
serological detection of M. tuberculosis, further modify the 
detection antigen through the follow-up, and ultimately 
obtain a better detection method of M. tuberculosis 
serological detection.

The target population selected in this study was 
patients with active pulmonary tuberculosis, which 
would be closely related to clinical practice and based on 
etiological diagnosis. Unlike previous studies that only 
distinguish active TB patients from healthy people, this 
study subdivided active tuberculosis patients into two 
groups of confirmed cases and clinically diagnosed cases. 
This grouping is closer to the clinical reality, and at the 
same time is conducive to more accurate analysis of the 
two antigen and antibody responses of Mycobacterium 
tuberculosis in different populations. Through this method, 
our study may provide a solid foundation for the serological 
diagnosis of M. tuberculosis. 
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We present the following article in accordance with 
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-5476).

Methods

Ethical statement

All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 
the Ethics Committee of Shanghai Pulmonary Hospital and 
informed consent was taken from all the patients.

Serum samples

Serum samples from 384 patients with confirmed 
pulmonary tuberculosis (tuberculosis pathogen test-positive 
and mycobacterium-positive cases) and 384 patients with 
clinically diagnosed pulmonary tuberculosis (pathogen test-
negative and mycobacterium-negative cases) were randomly 
collected. All serum samples were collected from inpatients 
in Shanghai Pulmonary Hospital. All participants in the 
study had signed written informed consent. The serum 
information of these patients was shown in Table 1. 

Experimental proteins and reagents

The ELISA sample diluent was prepared and stored in 
our laboratory. The prokaryotic expression plasmid pET-
32a and the E. coli host strain BL21 (DE3) were purchased 
from Novagen (Darmstadt, Germany). The detection 
antibody used in the experiment was horseradish peroxidase 

(HRP)-labeled LD5 (HRP-LD5) NEIBM, which was 
independently developed by the Department of Pathogenic 
Biology, Naval Military Medical University (37). The 
antibody was constructed by randomly arranging the D 
domain of Staphylococcal protein A (SpA) and the B3 
domain of Peptostreptococcus magnus protein L (PpL). 
Compared with other commercial antibodies, this antibody 
has a strong binding ability to human immunoglobulin (Ig)
M, IgG, and IgA (35).

Construction of recombine vectors of 16kD and 38kD 
protein 

The amino acid sequences of 16kD and 38kD were obtained 
from GenBank (GenBank accession number: 6137792266, 
14115207). The DNA sequences of 16kD and 38kD 
were synthesized using sequential OE-PCR as previously 
described (38). Then the PCR products of 16kD and 38kD 
were digested with different enzymes, purified and inserted 
into the cloning sites of the prokaryotic expression vector 
pET-32a vector under the T7 promoter and a His-tag was 
added at the N-terminus of the target to form recombinant 
plasmids. The recombinant expression plasmids were 
individually verified by sequencing analysis.

Expression and purification of 16kD and 38kD fusion 
proteins from M. tuberculosis

To begin, 50 L of frozen pET-32a-16kD/BL21 (DE3) 
and pET-32a-38kD/BL21 (DE3) were transfected into  
1 mL of 2-fold YT medium containing 100 g/mL Amp +  
100 g/mL Kana antibiotics for overnight culture and 

Table 1 Basic information of 768 patients across three groups

Basic information Mycobacterium-positive cases Mycobacterium-negative cases

Numbera 384 384

Time 2015.5–2016.7 2015.5–2016.7

Age (year)

Mean ± s.d.b 35.0±2.4 33.5±2.6

Range 17-74 16-80

Sex (%)

Male 59.3% 60.6%

Female 40.7% 39.4%
a, number of evaluable individuals; b, standard deviation.
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screening. Then, 500 L of activated glycerol bacteria were 
transferred to 50 mL of LB medium for expansion culture. 
After that, the 50 mL LB culture medium that had been 
cultured was all transferred into 450 mL of fresh culture 
medium. Finally, IPTG inducer with a final concentration 
of 1 mM/L was added into the culture medium, and the 
bacteria were collected by low-temperature centrifugation; 
the above bacteria were resuspended with 30 mL of 
phosphate-buffered saline (PBS) (pH 7.2); the precipitates 
were lysed overnight with 8 M of urea 4 ℃ by ultrasonic 
lysis and centrifuged. The lysed supernatant was further 
purified by nickel column affinity chromatography Ni-
NTA resin (Qiagen, Hilden, Germany), and the purified 
protein was identified by SDS-PAGE and then subpacked 
for freezing storage at −80 ℃.

Detection of antibody response levels of M. tuberculosis 
16kD and 38kD antigens in different populations by 
NEIBM-ELISA

The prepared fusion proteins of M. tuberculosis 16kD 
and 38kD were diluted to a final concentration of  
1 mg/mL with carbonate buffer. It was then added to a 
96-well ELISA plate, coated overnight, and then sealed. 
The serum samples were diluted 20 times, 100 L was then 
added to each hole on the corresponding ELISA plate, 
and incubated in 37 ℃ incubator for 45 min. The plates 
were washed three times with ELISA and then dried; 
sample diluent and HRP-LD5 were mixed at a volume 
ratio of 1:2,000, and then 100 L of each well was added to 
the ELISA plate, which was incubated in 37 ℃ incubator 
for 45 min; 50 L of color developing solution was added 
after washing the plate three times, which was left at room 
temperature for 3 min, color-developed for 7 minutes, and 
then 50 L of stop solution was added to each well of the 
ELISA plate to terminate the reaction. These were then put 
into the ELISA (Thermo Scientific Multiskan Fc, Vantaa, 
Finland) to determine the OD450 value (36).

After the OD value was read by ELISA, the serum OD 
value of the normal control group was sorted from large 
to small, and the average value of 50% was calculated. The 
OD value of each hole in the control group was divided 
by this average value to obtain a ratio (S/N), which was 
regarded as the corrected response value, and analyzed. S/
N values greater than 2.5 were considered positive. At the 
same time, the positive reaction patients were divided into 
low reactions [2.5–4], moderate reactions [5–10], and high 
reactions (>10) according to the numerical value.

Statistical analysis

Statistical software SPSS18.0 and SAS 9.0 were used to 
analyze the differences of serum anti-16kD and anti-
38kD antibody reactivity between 384 confirmed cases 
of M. tuberculosis and 384 clinically diagnosed cases. Chi-
square test and independent samples t-test were used for 
statistical methods, and the difference was considered to be 
statistically significant when P<0.05.

Results

Analysis of antibody reactivity of M. tuberculosis antigens 
16kD and 38kD in bacteria-positive patients

The NEIBM-ELISA method was used to detect the 
antibody response of 16kD and 38kD antigens of M. 
tuberculosis in 384 positive patients with M. tuberculosis, as 
shown in Figure 1. In 384 M. tuberculosis-positive patients, 
the levels of anti-16kD and anti-38kD antibodies, along 
with the reaction patterns, were similar. After statistical 
processing, it was found that there was no significant 
difference in the level of antibody response detected by the 
two antigens (Figure 1A). In addition, there was no statistical 
difference in the positive rate of antibody reaction between 
16kD and 38kD antigens of M. tuberculosis alone, but the 
positive rate of 16kD and 38kD antigens detected together 
was 61.5%, which was higher than the positive rate of the 
two antigens detected alone. This suggests that the effect 
of the combined detection of the two antigens was better 
than that detected by the 16kD and 38kD antigens alone  
(Figure 1B).

Among the 384 M. tuberculosis-positive patients, the 
positive rate of M. tuberculosis 16kD antigen detection was 
44.5%, including 9.4% in the high-reaction group, 16.4% 
in the moderate-reaction group, and 18.75% in the low-
reaction group (see Table 2). However, the positive rate of M. 
tuberculosis 38kD antigen detection was 44.01%, including 
8.6% in the high-reaction group, 17.4% in the moderate-
reaction group, and 18.0% in the low-reaction group (see 
Table 3). Chi-square test found that there was no significant 
difference in the detection results of 16kD and 38kD 
antigens, suggesting that the sensitivity and specificity of 
using these two antigens to detect serum antibodies in M. 
tuberculosis-positive patients were similar.

The results showed that the proportion of serum samples 
positive for the 16kD antigen test and negative for 38kD 
antigen test was 17.4%, with the most samples being found 
in low-reaction group, followed by the moderate- and high-
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reaction groups (see Tables 2 and 4). The proportion of serum 
surface specimens positive for 38kD antigen test and negative 
for 16kD antigen test was 16.9%; with the most samples being 
found in the low-reaction group, followed by the moderate- 
and high- reaction groups (see Tables 3 and 4). The relationship 
between the grouping and reaction levels suggests that the 
detection results of 16kD and 38kD antigens were similar.

The proportion of serum specimens positive for both 
16kD and 38kD antigens of M. tuberculosis was 27.1%; the 

group with the best consistency of reaction degree was the 
low-reaction group, followed by the moderate- and high-
reaction groups (see Tables 2-4).

Analysis of antibody reactivity of M. tuberculosis antigens 
16kD and 38kD in bacteria-negative patients

The NEIBM-ELISA method was used to detect the 
antibody response of 16kD and 38kD antigens of 

80

60

40

20

0

100

80

60

40

20

0

S
/N

 (O
D

45
0)

P=0.932

P=0.786

MTB-16kD MTB-38kD Anti-38kD Anti-16kD Anti-(38kD+16kD)

po
si

tiv
e 

ra
te

 %

44.01 44.53

61.5

A B

Figure 1 NEIBM-ELISA detection of two antigen-antibody reaction levels of Mycobacterium tuberculosis in mycobacterium-positive cases. 
(A) Comparison of reactivity of anti-16kD and anti-38kD antibodies in bacterium-positive patients; (B) comparison of positive rates of anti-
16kD and anti-38kD antibodies in bacterium-positive patients.

Table 2 Analysis of anti-16kD reaction in 384 Mycobacterium-positive cases

Anti-16kD antibody 
reaction

Anti-38kD antibody reaction

High reaction (n) Moderate reaction (n) Low reaction (n) Negative (n) Total (n) Positive rate (%)

Positive

High reaction 8 10 9 9 36 75

Moderate reaction 6 16 19 22 63 65.1

Low reaction 6 18 12 36 72 50.0

Negative 13 22 30 148 213 30.5

Table 3 Analysis of anti-38kD reaction in 384 Mycobacterium-positive cases

Anti-38kD antibody 
reaction

Anti-16kD antibody reaction

High reaction (n) Moderate reaction (n) Low reaction (n) Negative (n) Total (n) Positive rate (%)

Positive

High reaction 8 6 6 13 33 60.6

Moderate reaction 10 16 18 23 67 65.7

Low reaction 9 19 12 29 69 58.0

Negative 9 22 36 148 215 31.2
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M. tuberculosis in 384 Mycobacterium tuberculosis-
negative patients, as shown in Figure 2. Among the 384 
M. tuberculosis-negative patients, the antibody response 
levels of anti-16kD and anti-38kD were similar, and the 
proportion of antibody high-response samples detected by 
the two antigens was higher than that of the bacterium-
positive patients, with no significant difference in the 
antibody response levels detected by the two antigens  
(Figure 2A). In addition, there was no statistical difference 
in the positive rate of antibody reaction between 16kD and 
38kD antigens of M. tuberculosis alone, while the positive 
rate of co-detection of the two antigens was 47.4%, which 
was higher than that of the two antigens alone, but lower 
than the 61.5% of the bacterium-positive patients. This 
suggests that the combined detection of two antigens was 
better than that of 16kD and 38kD antigens alone, but the 
detection rate was not high (Figure 2B).

Among the 384 M. tuberculosis-negative patients, the 
positive rate of M. tuberculosis 16kD antigen detection was 
26.8%, including 5.2% in the high-reaction group, 9.6% 
in the moderate-reaction group, and 12.0% in the low-
reaction group (see Table 5). Among the 384 M. tuberculosis-
negative patients, the positive rate of M. tuberculosis 38kD 

antigen detection was 30.7%, including 5.2% in the high-
reaction group, 13.0% in the moderate-reaction group, 
and 12.5% in the low-reaction group (see Table 6). Chi-
square test showed that there was no significant difference 
between the two antigens, which indicates that there was 
no significant difference between the two antigens in the 
detection of serum antibodies M. tuberculosis-negative 
patients.

The proportion of serum samples positive for 16kD 
antigen test and negative for 38kD antigen test was 16.7%, 
with the most samples being found in low-reaction group 
for 16kD antigen, followed by the moderate- and high-
reaction groups (see Tables 5 and 7). The proportion of 
serum samples positive for 38kD antigen test and negative 
for 16kD antigen test was 20.6%, with the most samples 
being found in moderate-reaction group , followed by the 
low- and high-reaction groups (see Tables 6 and 7).

The results showed that the proportion of serum samples 
positive for both 16kD and 38kD antigens of M. tuberculosis 
was 10.1%. The consistency of the degree of response was 
similar between the low-reaction group and the moderate-
reaction group, and slightly worse in the high-reaction 
group (see Table 7). In addition, the complementarity of 

Table 4 Detection results of anti-16kD and anti-38kD antibody reaction in 384 Mycobacterium-positive cases

Anti-38kD antibody reaction
Anti-16kD antibody reaction

Total (n)
Positive (n) Negative (n)

Positive 104 65 169

Negative 67 148 215

Total 171 213 384

Figure 2 NEIBM-ELISA detection of two antigen-antibody reaction levels of Mycobacterium tuberculosis in mycobacterium-negative cases. 
(A) Comparison of reactivity of anti-16kD and anti-38kD antibodies in bacterium-negative patients; (B) comparison of positive rates of anti-
16kD and anti-38kD antibodies in bacterium-negative patients.
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16kD and 38kD antigens in the results of bacterial-negative 
patients was superior to that of bacterial-positive patients, 
which further suggests that the combination of 16kD and 
38kD could be applied to the serological detection of M. 
tuberculosis infection.

Discussion

Tuberculosis caused by a complex dominated by M. 
tuberculosis is a chronic infectious disease. Traditional 
etiological methods, including sputum smear microscopy, 
along with M. tuberculosis isolation and culture, cannot 
be used for rapid and effective diagnosis. Although the 
sensitivity and specificity of the interferon-gamma release 

test in immunodiagnosis are high, this test is expensive 
and cannot distinguish between latent infections, active 
tuberculosis, and inactive tuberculosis well. Therefore, 
finding a rapid and simple diagnostic method that can be 
applied in clinic is an important for current diagnostic 
research of M. tuberculosis (12).

The ELISA method is widely used in serological 
diagnosis of tuberculosis due to its speed and simplicity 
in operation. Thus far, however, the sensitivity and 
specificity of the antigens used have been poor, and require 
improvement. In this study, the secreted protein 38kD 
and the relatively conserved membrane protein 16kD 
of M. tuberculosis were used as detection antigens, and 
the NEIBM-ELISA method, with its superior antibody 

Table 5 Analysis of anti-16kD reaction in 384 Mycobacterium-negative cases

Anti-16kD 
antibody reaction

Anti-38kD antibody reaction

High reaction (n) Moderate reaction (n) Low reaction (n) Negative (n) Total (n) Positive rate (%)

Positive

High reaction 3 1 4 12 20 40.0

Moderate 
reaction 

4 7 6 20 37 45.9

Low reaction 2 6 6 32 46 30.4

Negative 11 36 32 202 281 28.1

Table 6 Analysis of anti-38kD reaction in 384 Mycobacterium-negative cases

Anti-38kD antibody 
reaction

Anti-16kD antibody reaction

High reaction (n) Moderate reaction (n) Low reaction (n) Negative (n) Total (n) Positive rate (%)

Positive

High reaction 3 4 2 11 20 45.0

Moderate reaction 1 7 6 36 50 28.0

Low reaction 4 6 6 32 48 33.3

Negative 12 20 32 202 266 24.1

Table 7 Detection results of anti-16kD and anti-38kD antibody reaction in 384 Mycobacterium-negative cases

Anti-38kD antibody reaction
Anti-16kD antibody reaction

Total (n)
Positive (n) Negative (n)

Positive 39 79 118

Negative 64 202 266

Total 103 281 384
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detection effect, was used to detect the serum antibody 
level of active tuberculosis patients. The aim of the research 
was to explore the significance of these two antigens in 
the serological detection of M. tuberculosis, and to further 
modify the detection antigen through the follow-up, so 
as to create a better serological detection method for M. 
tuberculosis.

The target population selected in this study was patients 
with active pulmonary tuberculosis, which would be 
closely related to clinical practice and based on etiological 
diagnosis. Unlike previous studies that only distinguish 
tuberculosis patients from healthy people, this study 
subdivided active tuberculosis patients into two groups of 
confirmed cases and clinically diagnosed cases for analysis. 
This grouping more closely approximates the clinical 
reality, while being more conducive to a more accurate 
analysis of the two antigens and the antibody reaction of M. 
tuberculosis in different populations. Through this method, 
our study may provide a solid foundation for the serological 
diagnosis of M. tuberculosis.

The 16kD and 38kD antigens of M. tuberculosis were 
used to detect the corresponding antibody levels in the 
serum of confirmed cases of tuberculosis, and it was found 
that the positive detection rates of these two antigens in 
confirmed cases of tuberculosis were higher than those in 
the clinically diagnosed cases (about 44%). This indicates 
that the tuberculosis of confirmed cases might have been 
precipitated by M. tuberculosis infection. Meanwhile, there 
was no significant difference in the positive detection 
rate between the two antigens, suggesting that the 
detection effect of these two antigens in confirmed cases of 
tuberculosis is similar and needs to be further improved. 
We combined the detection of the 16kD 38kD antigens and 
found that the positive detection rate could be increased to 
61.5%, which was significantly better than the detection 
effect of the two antigens alone. We can therefore speculate 
that the combined detection of multiple antigens for 
serological diagnosis of infection can be effectively used in 
clinical practice.

The positive detection rate of 16kD and 38kD antigens 
was 26–30% in the clinical diagnosis cases of tuberculosis, 
which was lower than those in the confirmed cases of 
tuberculosis. There was no significant difference in the 
positive detection rates of the two antigens, suggesting 
that the detection effects of 16kD and 38kD antigens were 
not significantly different in tuberculosis diagnosis cases. 
When the two antigens are combined, the detection effect 
is better than that of 16kD and 38kD antigens alone, but 

the detection rate is still lower than that of confirmed cases 
of tuberculosis, suggesting that the level of anti-tuberculosis 
immune response in confirmed cases may be higher than 
that in clinically diagnosed cases. On the one hand, a strong 
immune response can reflect more serious disease, especially 
if the proportion of pulmonary cavity cases in confirmed 
cases is larger than that in clinically diagnosed cases. This 
may indicate that the immune damage of pulmonary cavity 
patients is stronger, as the body is more likely to discharge 
necrotic tissues and tuberculosis bacteria after the formation 
of pulmonary cavity, and tuberculosis bacteria are more 
easily detected. Furthermore, because there is no gold 
standard for bacteriological diagnosis in clinical diagnosis 
cases, there may be some cases that are not tuberculosis 
infection. Both imaging and disease characteristics are very 
similar to mycobacterium tuberculosis infection, which 
makes it easy to diagnose non-tuberculosis patients as 
tuberculosis patients clinically, and this part of cases cannot 
be verified. However, these cases could not be verified, but 
the lower antibody levels in clinically diagnosed cases than 
in confirmed cases further suggests this possibility. It also 
suggests that our experimental results were true, credible, 
and reasonable.

In this study, the NEIBM-ELISA method was used 
to detect the antibody response level of M. tuberculosis 
antigens, 16kD and 38kD, in both confirmed and 
clinically diagnosed tuberculosis cases. The detection 
efficiency in both confirmed and clinically confirmed 
cases was higher than that of single detection, which is 
consistent with some studies that improved the diagnosis 
efficiency through the combination of multiple antigens 
(27,39,40). However, it is far from meeting the level of 
clinical application, and the detection rate still needs 
to be further improved. We will continue to modify 
these two antigens and search for other antigens of M. 
tuberculosis. We hope to improve the sensitivity and 
specificity of serological detection of M. tuberculosis 
through combined detection of different antigens, and 
to provide basic immunological information for further 
research on the immune response to tuberculosis, 
immunological diagnosis, and vaccine development.

Conclusions

In this study, the NEIBM-ELISA method was used to detect 
the antibody response of M. tuberculosis antigens, 16kD and 
38kD, in both confirmed and clinically diagnosed tuberculosis 
cases. We found that the positive rate of combined detection 
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of 16kD and 38kD antigens of M. tuberculosis was higher than 
that of single detection in two cases, but it was not a simple 
addition. We can thus conclude that there is complementarity 
between the two antigens and overlap in some cases, which 
requires a further and more detailed study of clinical cases. It 
is suggested that the combined detection of multiple antigens 
can be used in the serological diagnosis of mycobacterium 
tuberculosis infection.
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