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Background: The aim of this study was to clarify the characteristics of gene mutation related to multi-
drug-resistance (MDR) of tuberculosis (I'B) and diabetes in Zunyi.

Methods: A total 763 patients with TB were screened for TB-DNA, TB-RNA, and acid-fast staining (all
were positive). They were divided into the tuberculosis (TB) group and the diabetes mellitus-tuberculosis
(DM-TB) group. We compared and analyzed the MDR gene 7poB, KatG, and inhA characteristics of gene
mutations in the two groups by polymerase chain reaction (PCR)-reverse dot hybridization, and collected
relevant clinical data to explore its correlation with the occurrence of multidrug resistance.

Results: Multidrug resistance occurred in 32 of the 525 patients in the TB group, and extensive drug
resistance occurred in 15 of the 207 patients in the DM-TB group. In the DM-TB group, the mutation
rates of ropBS531L and ropB531 (both 53.33%) were lower than those of the TB group (both 59.38%) in
rifampicin resistance mutations. Most of the mutations were at the KatG315N site, conferring isoniazid
resistance.

Conclusions: The mutation sites of multidrug-resistant patients in Zunyi are mainly ropB531 and
ropBS531L mutations, which are prone to co-occurrence; patients with MDR-TB alone are prone to
mutations at the KatG315N site, while patients with diabetes and MDR-TB are more likely to have inhA-

15M site mutations.
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Introduction

Tuberculosis (TB) and diabetes mellitus (DM) are both
chronic diseases, and when they co-occur, they can be
aggravated by mutual influence (1). DM has been shown
to negatively impact TB treatment outcomes that the
risk of TB disease is increased over 3-fold in people with
diabetes compared to people without DM (2). TB can
aggravate the disorder of glucose metabolism and make
the blood sugar level of DM patients difficult to control.
DM can lead to protein and fat metabolism disorders,

which can reduce immune function and aggravate the
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condition of TB patients (3,4). DM has been shown to
have a negative impact on immune function through
the accumulation of advanced glycation end-products
that alter phagocyte function (5). TB patients with
DM is treated with multidrug therapy [rifampin (RIF)
and isoniazid (INH)] for the 6 months of treatment
compare with TB patients, TB treatment outcomes are
worse in patients with DM (6). The risk of death or
treatment failure was 1.7 times higher in TB patients
with DM than in those without DM (7). However, an
important problem in TB treatment is anti-mycobacterial
resistance. DM patients with TB are also more likely
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Table 1 Diagnostic criteria for studying related diseases
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Disease Diagnostic principle

Basis for diagnosis

Tuberculosis Clinical manifestation

Cough =2 weeks, blood or hemoptysis in the sputum, night sweats, fatigue, intermittent

or persistent low fever, loss of appetite, weight loss, and other symptoms

Bacteriological examination
Molecular biology test
Type 2 diabetes Clinical manifestation

Laboratory inspection

The smear microscopy positive (positive acid-resistant dyeing)
Nucleic acid testing positive for Mycobacterium tuberculosis
Typical symptoms of diabetes (polyuria, polydipsia, and unexplained weight loss)

Arbitrary blood glucose =11.1 mmol/L, fasting blood glucose (FPG) =7.0 mmol/L

Sources of diagnostic criteria: diagnostic criteria for tuberculosis (WS 288-2017) and guidelines for the diagnosis and treatment of

diabetes (ADA 2013).

to develop multidrug-resistant TB (MDR-TB) (8).
16% diabetic TB patients showed multi drug resistance
(MDR) which was three times higher than resistance (5.9%)
found in non-diabetic TB patients (9). RIF and INH is
the two most effective anti-TB drugs, resistance to RIF
and INH is multidrug-resistant (MDR) TB. Rifampin
resistance is conferred by chromosomal mutations in the
rpoB gene encoding the B subunit of the RNA polymerase
(RpoB). Most rifampin-resistance-conferring mutations
in Mtb clinical isolates are due to amino acid changes at
codons 531, 526, 522, and 513 of RpoB (10). The mutation
of katG or inhA is the major mechanism of INH resistance.
KatG S315 mutation is the most common mutation
in INH-resistant strains and accounts for more than
half of the resistant clinical isolates (11). Furthermore,
accompanying multidrug resistance will greatly increase
the difficulty of treating the disease.

There were 10 million new cases of TB worldwide in
2018, with China accounting for 9% of cases and ranking
second in the world in incidence (12). Guizhou province is
a high incidence area and has the fourth highest incidence
rate of TB in China, with the highest drug-resistance
rate. Cases are mainly concentrated around Zunyi, Bijie,
Tongren, and southeast Guizhou (13). In particular, the
emergence of multidrug-resistant tuberculosis (MDR-TB)
has brought more serious challenges to the prevention and
control of TB worldwide (14). MDR-TB is a condition
in which Mycobacterium tuberculosis is at least resistant to
rifampin (RIF) and isoniazid (INH) (15). RIF and INH, as
key first-line drugs in anti-TB treatment programs, have
always played an important role in the treatment of TB.
However, the emergence of MDR-TB may be related to
the mutations of the rpoB, katG, and inhA genes of the
two drug-related targets (16,17). This study selected TB
patients in Zunyi and used polymerase chain reaction
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(PCR) to detect mycobacterial DNA and RNA (18) for the
purpose of investigating the correlation between TB and
diabetes mellitus with tuberculosis (DM-TB) in Zunyi. It is
hoped the findings can clarify the relationship between the
resistance-causing MTB-TB mutations of 7poB, katG, and
inhA and the molecular biological characteristics of MDR-
TB. We present the following article in accordance with
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1368).

Methods
General information

This study collected sputum or irrigating fluid specimens
from 763 pulmonary TB patients (according to the WS
288-2017 diagnostic criteria for pulmonary TB, Table I)
treated in the Department of Respiratory and Intensive
Medicine of our hospital from December 2017 to July
2019. We detected the DNA, RNA, and acid-fast staining
of Mycobacterium tuberculosis and yielded positive results for
rifampicin and isoniazid resistance gene testing (primer
sequences for rifampin and isoniazid resistance detection,
Table 2) . We then compared the correlation between
multidrug resistance in TB patients and TB-DM patients
(according to the American Diabetes Association 2013
standardization diagnosis and treatment guidelines for
diabetes, Table 1). Meanwhile, we collected the relevant
clinical data of the included patients. The research process
is shown in Figure 1.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013), and was
approved by the Guizhou Aerospace Hospital Medical
Ethics Management Committee, and written informed
consent was obtained from all patients.
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Table 2 Primer sequences for detection of resistance to rifampicin and isoniazid

Gene Primer Sequence Size of product (bp)
rpoB rpoB-F 5'-TACGGTCGGCGAGCTGATCG-3'
rpoB-R 5'-TACGGCGTTTCGATGAACC-3' 411
katG katG-F 5'-TCGTATGGCACCGGAACC-3'
katG-R 5'-CAGCTCCCACTCGTAGCC-3' 123
inhA inhA-F 5'-CGTTACGCTCGTGGACATAC-3'
inhA-R 5'-TCCGGTAACCAGGACTGAAC-3' 126
Mycobacterium tuberculosis DNA + Acid resistant dyeing Positive patient 763 cases |
4' Excluding patients with review 31 cases |
| Pulmonary tuberculosis 525 cases | | Pulmonary tuberculosis with diabetes 207 cases |
| Drug resistance gene detection of RFP and INH |
| RFP and INH drug-resistant tuberculosis 85 cases | | RFP and INH drug -resistant tuberculosis with diabetes 47 cases

T R

RFP INH RFP + INH
Drug- Drug- Drug-
resistant resistant resistant
18 cases 35 cases 32 cases

Figure 1 Research plan flow chart.

Main instruments and reagents

The main equipment used was Hongshi SLAN-96P
fluorescence quantitative PCR instrument (Shanghai,
China), ABI-2710 Nucleic acid Amplifier (Applied
Biosystems, USA), Yaneng YN-H16 Constant Temperature
Hybridization Instrument (Shenzhen, China), Rendu FZP-
1 Nucleic Acid Purification Instrument (Shanghai, China),
Aosheng Micro Spectrophotometer Nano-100 (Hangzhou,
China). A Mycobacterium nucleic acid detection kit (PCR-
fluorescent Probe Method; article number 301031) was
obtained from Chengdu Boao Jingxin Biotechnology Co,
Ltd (Chengdu, China). A Mycobacterium TB nucleic acid
detection kit (RNA constant temperature amplification;
article number 20153401875) was acquired from Shanghai
Rendu Biological Technology Co, Ltd (Shanghai, China).
The Mycobacterium TB rifampicin resistance gene
detection kit (PCR-reverse Dot Hybridization Method;
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R S

RFP INH RFP + INH
Drug- Drug- .
. . Drug-resistant
resistant resistant
15 cases
13 cases 19 cases

article number 20153400356) was provided by Asia Energy
Biotechnology Co, Ltd (Shenzhen, China).

MTB DNA and RNA testing
MTB DNA and RNA extraction

An equal volume of sodium hydroxide was added
(concentration of 4%) to the patient’s sputum or bronchial
lavage fluid sample, shaken, mixed, and then left to stand
for 15 minutes to fully liquefy. This mixture was centrifuged
at 12,000 rpm/min for 10 minutes, and the supernatant was
discarded afterwards. Next, 1 mL of cleaning solution (with
the main component being normal saline) was added and
mixed well; the mixture was centrifuged at 12,000 rpm/min
for 5 minutes, and the supernatant was discarded afterwards.
The pellet was divided into two tubes with 50 pL of
nucleic acid extract (for DNA extraction) and 50 pL of
dilution being added (for RNA extraction), with ultrasonic
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Drug-resistance gene Wild locus Color change point Mutation site
rpoB N1 (rpoB WT1) - 511-513
N2 (rpoB WT2) D516V 516 A—T
D516G 516 A—G
N3 (rpoB WT3) - 522-523
N4 (rpoB WT4) H526Y 526 C—T
H526D 526 C—G
N5 (rpoB WT5) S531L 531C—T
S531W 531C—G
katG 315N (katG WT) 315M 315 G—A/C, 315 AGC—ACA
inhA -15N (inhA WT) -15M -15C—-T

crack applied for 10 minutes. The DNA extraction tube
was placed in a shaking metal bath. The tube was shaken at
1,800 rpm/min at 100 °C for 10 min, centrifuged at 12,000 rpm/min
for 5 minutes, and the supernatant was collected.
The RNA extraction tube was directly centrifuged at
12,000 rpm/min for 5 min, and the supernatant was
collected.

MTB DNA and RNA testing

To begin, 20 pL of MTB DNA PCR reaction system was
formed using 18 pL of probes, Taq enzymes, and primers,
along with 2 pL. of templates. The amplification procedure
included 1 cycle at 37 °C for 300 s and at 94 °C for
180 s; 40 cycles at 94 °C for 15 s and at 60 °C for 30 s; and
1 cycle at 50 °C for 10 s. Then, 32puL. of MTB RNA PCR
reaction system was formed using 30 pL of probes, reverse
transcriptases, and primers, along with 2 pLL of templates.
The amplification program was 40 cycles of constant
temperature amplification at 42 °C for 60 s. The results were
interpreted as positive, and the DNA amplification products
were kept in the refrigerator at -20 °C.

Acid-fast staining

The experiment was completed by our laboratory. Briefly,
2-3 drops of carbohydrate acid red were used after initial
dyeing, and the slide was rinsed with water, decolorized
with 3% hydrochloric acid alcohol for 30 seconds to
1 minute, rinsed with water again, washed with alkaline
Meilan solution for 1 minute, and washed with water. After
the slide had absorbed the water, 1-2 drops of cedar oil on
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the glass slide, carefully observe and count under a high
magnification lens (also called oil lens). The number of
MTB DNA- and RNA-positive subjects was counted, and
the positive acid-fast staining results were compared. Then,
the relevant clinical information of the above patients was
collected.

Blood glucose measurement

The blood glucose and fasting blood glucose of the included
patients were tested. According to the diagnostic criteria in
Table 1, the patients were divided into a simple tuberculosis
group and a tuberculosis combined with diabetes group.

PCR-reverse dot hybridization

PCR amplification

First, 25 pL of reaction system were formed using 21 pL
of ANTP, Taq enzyme, and primers, along with 4 pL of
template DNA. The amplification program was at 50 °C
for 120 s and at 94 °C for 600 s; at 95 °C for 45 s through
1 cycle, at 68 °C for 60 s through 30 cycles; at 95 °C for
30's, at 54 °C for 30 s, and at 68 °C for 60 s through 30 cycles;
and at 68 °C for 600 s through 1 cycle. Table 3 summarizes
the mutation sites of rifampin- and isoniazid- resistance
testing.

Hybridization and color development

The strips were numbered and placed in a 15 mL centrifuge
tube containing PCR amplification product buffer. After
10 min at 100 °C and 90 min at 59 °C, the membranes
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Table 4 General conditions of patients with multidrug-resistant tuberculosis

Tuberculosis

Tuberculosis with DM

Tuberculosis without DM

Variable [n/total (%)] [n/total (%)] [n/total (%)] vz P value
Gender

Male 35/47 (74.47) 12/15 (80.00) 23/32 (71.88) 0.35 0.24

Female 12/47 (25.53) 3/15 (20.00) 9/32 (28.13) 0.35 0.24
Age

<18 years 2/47 (4.26) 0/15 (0.00) 2/32 (6.25) 0.98 0.46

18-40 years 16/47 (34.04) 4/15 (26.66) 12/32 (37.50) 0.53 0.21

41-65 years 24/47 (51.06) 10/15 (66.67) 14/32 (43.75) 2.15 0.09

>66 years 5/47 (10.64) 1/15 (6.67) 4/32 (12.50) 0.37 0.35
Career

Yes 22/47 (46.81) 7/15 (46.67) 7/32 (21.87) 3.00 0.06

No 25/47 (53.19) 8/15 (53.393) 25/32 (78.13) 3.00 0.06
Serum albumin

<25¢g 22/47 (46.81) 7/15 (46.67) 15/32 (46.87) 0.00 0.25

>25¢g 25/47 (53.19) 8/15 (53.33) 17/32 (563.13) 0.00 0.25
Blood uric acid (male)

>420 pmol/L 19/35 (54.29) 5/12 (41.67) 14/23 (60.87) 1.17 0.11

<420 pmol/L 16/35 (45.71) 7/12 (58.33) 9/23 (39.13) 1.17 0.11
Blood uric acid (female)

>360 pmol/L 8/12 (66.67) 3/3 (100.00) 5/9 (55.56) 2.00 0.25

<360 pmol/L 4/12 (33.33) 0/3 (0.00) 4/9 (44.44) 2.00 0.25

DM, diabetes mellitus.

strip was placed into a 50 mL centrifuge tube containing
sodium citrate buffer, and washed gently at 59 °C for
15 min. The membranes were stripped into the coloring
solution containing horseradish peroxidase for 10 min,
the corresponding coloring point was observed, and the

mutations of 7poB, katGm and inbA genes were interpreted.

Statistical analysis

SPSS 22. 0 statistical software package was used for
analysis. The measurement data conforming to the normal
distribution are expressed as X +s, and the comparison
between the two groups was performed by independent
samples 7-test; the measurement data of the non-normal
distribution were measured by median and quartiles. [M
(P25, P75)] indicates that the comparison between groups
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should be performed by the Mann-Whitney U test; the
count data are expressed by frequency or percentage, and
the comparison between groups was performed by y’ test. A
P value <0.05 indicated that the difference was statistically
significant.

Results
Analysis of related factors

In the comparisons of gender, age, occupation, and other
factors, along with the serum albumin test results of TB
patients and TB-DM patients, the differences between the
groups were found to not be statistically significant (7able 4).
However, in the TB and diabetes group, gender (x’=10.80,
P<0.01), age (’=21.60, P<0.01) and female blood uric acid
level (x’=6.00, P<0.05), and other related factors showed
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Figure 2 High-throughput reverse dot hybridization of 7poB, katG and inhA gene detection results. (A) rpoB, katG, and inhA gene wild-type

rifampicin-sensitive; (B) 7poB gene 522-523 locus wild and H526Y, H526D locus mutation mixed rifampicin resistance, and k2tG gene 315M
site mutation isoniazid resistance; (C) 7poB gene 511-513, 526, and 531 locus wild and D516V, H526D, and S531L site mutation mixed

rifampicin resistance; k2tG gene 315N and -15N wild, and 315M and -15M mutant mixed isoniazid resistance.

statistical differences. In the simple TB group, gender
(x’=12.25, P<0.01), age (x’=17.33, P<0.01), occupation
(x*=20.25, P<0.01) and other related factors showed
statistical differences.

PCR-reverse dot bybridization test results

7poB, katG, and inhA genes were detected in 732 patients
with pulmonary TB, including 32 cases of multidrug
resistance and 15 cases of multidrug resistance combined
with diabetes (Figure 2).

Mutation rate of drug resistance sites in patients with
MDR-TB

In the comparison of 32 patients with MDR and 15
patients with MDR combined with diabetes concerning
the mutation rate of rpoB, katG, and inhA gene sites,
patients with simple MDR-TB were found to be prone to
KatG315N site mutation, while InhA-15M mutations were
more likely to occur in patients with diabetes combined
with MDR-TB. However, the differences between the
remaining groups were not statistically significant (7zble 5).

Distribution of resistance gene vpoB mutation sites

When rifampicin resistance occurred in patients with
MDR-TB, mutations at ropB531 and ropBS531L sites were
most likely to concomitantly occur. For isoniazid resistance,
the mutation rate at the KutG gene was higher, and MDR-
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TB patients were prone to the KatG315N site mutation.
Diabetes patients with MDR-TB were more prone to inhA-
15M site mutation, but there were no obvious differences in
other mutation sites (Figure 3).

Discussion

With the changes in people’s lifestyles and dietary structures,
the incidence of TB with diabetes has increased year by
year. This particular combination of disease increases the
body’s catabolism, causes a decrease in appetite, and affects
the secretory function of the pancreas. Furthermore, the
abnormal glucose metabolism of the condition is also likely
to cause protein and fat metabolism disorders, leading
to malnutrition and decreased cellular immune function,
which further exacerbate the disease (19,20). If multidrug
resistance reoccurs, it can seriously affect the treatment
of patients, which not only increases the difficulty and
cost of treatment, but also makes it difficult to control the
disease, resulting in a reduction in cure rate and a rise in
mortality (21). Therefore, early diagnosis of drug-
resistant T'B is the key to improving treatment efficacy. As
an alternative to the culture method, molecular biology
methods have been used to detect resistance mutations
in rifampin and isoniazid, offering timely, accurate, and
reliable detection results.

In this study, 763 'TB patients’ sputum or sputum samples
were tested for DNA, RNA, and acid-fast staining. The
results were positive for rifampicin- and isoniazid-resistance
genes. In a total of 525 patients with TB, there were 32
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Table 5 Drug resistance sites in patients with multidrug-resistant tuberculosis

Tuberculosis

Tuberculosis with DM

Tuberculosis without DM 5
Group [n/total (%)] [n/total (%)] [n/total (%)] /X P value
Rifampin
ropB511-513 (N1) 6/47 (12.77) 1/15 (6.67) 5/32 (15.63) 0.74 0.28
ropB516 (N2) 5/47 (10.64) 2/15 (13.33) 3/32 (9.38) 0.17 0.34
ropB522-523 (N3) 3/47 (6.38) 1/15 (6.67) 2/32 (6.25) 0.00 0.46
ropB526 (N4) 9/47 (19.15) 3/15 (20.00) 6/32 (18.75) 0.01 0.30
ropB531 (N5) 27/47 (57.45) 8/15 (53.33) 19/32 (59.38) 0.15 0.23
ropBH526Y 7/47 (14.89) 2/15 (13.33) 5/32 (15.63) 0.04 0.34
ropBD516V 5/47 (10.64) 1/15 (6.67) 4/32 (12.5) 0.37 0.35
ropBD516G 2/47 (2.99) 1/15 (6.67) 1/32 (3.13) 0.31 0.40
ropBS531L 27/47 (57.45) 8/15 (53.33) 19/32 (59.38) 0.15 0.23
ropBH526D 5/47 (10.64) 1/15 (6.67) 3/32 (9.38) 0.10 0.42
Isoniazid
KatG315N 38/47 (80.85) 9/15 (60.00) 29/32 (90.63) 6.19 0.02
KatG315M 43/47 (91.49) 12/15 (80.00) 31/32 (96.88) 3.74 0.08
inhA-15N 3/47 (6.38) 2/15 (13.33) 1/32 (3.13) 1.78 0.21
inhA-15M 35/47 (74.47) 4/15 (26.67) 1/32 (3.13) 5.95 0.02
DM, diabetes mellitus.
RFP INH
80 -e- TB (n/total %) 150 -
-m TB + DM (n/total %) e TB (n/total %)
60 - TB + DM (n/total %)
o 100 -
g 3
5 40- g .
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Figure 3 Comparison of site mutations of the 7poB, katG, and inhA drug-resistance genes in multidrug-resistant tuberculosis patients and
multidrug-resistant diabetes mellitus patients. *, indicates statistical difference.

multi-drug resistant patients, while in a total of 207 patients
with TB-DM patients, there were 15 multi-drug resistant
patients. The mutation sites of 7opB gene were more
common with ropBS531L and ropB531 mutations, and the
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two sites were mostly accompanied by mutations, which is
consistent with both Chinese and international studies (22).
The mutation rate of ropB531 in the TB group (57.69%)
was higher than that in Fujian (53.3%) and Sichuan province
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(55.87%), but lower than that in Guangdong (63.22%) and
Guangxi (59.26%) (23). The mutation sites of the katG
gene were more common with katG 315N and katG 315M,
and the two sites were commonly associated with mutations,
which is consistent with Chinese and international
studies (24). The mutation rate of katG 315 in the TB
group (315N was 82.35%, 315M was 86.76%) was higher
than that in Fujian (54.35%) and lower than that in Wuhan
(88.71%) (25). The mutation rate of inhA-15 locus in
the TB group (16.18%) was slightly lower than that in
Jiangxi (15.9%), which confirms that there are obvious
regional differences in the frequency of the katG and inhA
gene mutations (26). The frequency of gene mutations
varies across different countries and regions (27), which
may be related to the evolution of local Mycobacterium
in TB. In this experiment, for the first time, the sites of
multidrug resistance mutations in patients with diabetes and
pulmonary TB in Zunyi were counted. Patients with simple
MDR-TB are susceptible to KatG315N site mutations,
while patients with diabetes and MDR-TB are more prone
to inhA-15M site mutations.

Patients with TB and diabetes are mostly middle-
aged and elderly men, which may be related to the
characteristics of diabetes susceptibility, while women with
TB and diabetes have higher blood uric acid levels. TB
patients were mostly men without fixed occupations, but,
because the sample size was too small, we could not rule
out accidental factors. This study analyzed the correlation
between relevant clinical indicators and multidrug-resistant
TB infection, and found that, compared with patients
with TB, the serum albumin level of patients with TB
and diabetes were slightly lower, which may be associated
with the fact that TB and diabetes patients cannot fully
utilize glucose, which is needed to break down proteins
and fats to provide calories and reduce the body’s albumin
synthesis (28). However, due to the limited sample size, the
relevant results are not statistically significant, and thus the
sample size needs to be expanded in further research.
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