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Abstract

Background
The diagnosis and treatment of drug resistant tuberculosis (TB) especially multidrug-resistant (MDR) and extensively drug-resistant
(XDR) tuberculosis are the critical and di�cult factors in the prevention and control of tuberculosis. The development of rapid
molecular diagnostic tools become more and more signi�cant to improve the cure rate, decrease the risk of recurrence and death
rate. Currently, molecular mechanisms of drug resistance and major drug-resistant genes of Mycobacterium tuberculosis (MTB)
have been analyzed and elucidated. We put into use PCR-�uorescent probes to detect the mutation gene associated with XDR-TB
and evaluate the clinical value of PCR-�uorescent probes.

Methods
The molecular species identi�cation of 900 sputum specimens was performed with the use of PCR-�uorescent probe method,
wherein the mutations of the drug resistance genes including rpoB, katG, inhA, embB, rpsL, rrs and gyrA were detected, and the
conventional drug susceptibility testing(DST)and PCR-directed sequencing(PCR-DS) was carried out as control.

Results
Among the 900 positive sputum specimens, the result of DST demonstrated that there were 501 strains of rifampicin-resistance,
451 strains of isoniazid-resistance, 293 strains of quinolone-resistance, 425 strains of streptomycin-resistance, 235 strains of
ethambutol-resistance, and 204 strains of Amikacin-resistance. 427(47.44%) strains were MDR-TB. 146 (16.22%) strains were XDR-
TB. The mutations of the rpoB, katG, inhA, embB, rpsL, rrs, and gyrA genes were detected in 751 of 900 specimens of MTB by PCR-
�uorescent probe method, and the detection rate of drug resistance was 751/900 (83.44%). No mutant genes were detected in the
other 149 specimens. Compared with DST, the mutant detection rate of rpoB, katG/inhA, rpsL, rrs, embB, and gyrA of six drugs
(RIF,INH,SM,AM,EMB,FQs) were larger than 88%, �ve of six drugs were larger than 90% except for SM 88.11% . The MDR mutant
gene types were found in 398 specimens (42.22%), and XDR mutant gene types were found in 137 specimens (15.22%). PCR-DS
was also employed and con�rmed the PCR-�uorescent probe method with the accordance rate of 100%.

Conclusion
The PCR-�uorescent probe method is simple and rapid in detection of genotypes of XDR-TB and is worthy to be applied in the
hospital.

1 Background
Tuberculosis is a chronic infectious disease caused by mycobacterium tuberculosis. According to Global tuberculosis report 2019
[1], in 2018, there were 10 million new tuberculosis (TB) cases, 380,000 Multidrug-resistant tuberculosis (MDR-TB) cases and
1.45 million deaths. 3.4% of new patients and 18% of retreat-patients were MDR-TB and rifampicin resistant tuberculosis (RR-TB),
among which extensively drug-resistant tuberculosis (XDR-TB) accounted for 6.2%, and 1.45 million cases died, and nearly 210,000
patients died due to MDR/RR-TB. There were 866,000 new TB cases in China, 66,000 cases of rifampicin resistance and 38,800
deaths, ranking the second in the world for many years. But only one-third of the patients had access to treatment, far from
achieving the goal of end TB. MDR-TB is de�ned as infected Mycobacterium tuberculosis that is resistant to at least both isoniazid
(INH) and rifampicin (RFP) in vitro. XDR-TB refers to the infected Mycobacterium tuberculosis that is not only resistant to INH and
RFP, also at the same time resistant to at least one kind of �uoroquinolones and a second-line anti-TB drugs injection (kanamycin,
amikacin, capreomycin). Once healthy people inhaled resistant mycobacterium tuberculosis, which was exhaled into air by
tuberculosis patients through cough, sneeze or spit, it will develop as resistant tuberculosis in certain period of their lives.

As the slowly growth of mycobacterium tuberculosis, the diagnosis and drug resistance detection become a challenging problem in
clinical treatment. The delayed diagnosis resulted in improper treatment of tuberculosis patients and increasing rate of drug
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resistance of mycobacterium tuberculosis which seriously in�uenced the effect of the treatment. The emergence and transmission
of MDR-TB and XDR-TB, which hindered the control of tuberculosis infection, thereby developed as a stubborn disease. The
MDR/XDR-TB are the critical reasons for the high lethality of tuberculosis.

Generally, there are three types of drug resistance mechanisms in mycobacterium tuberculosis(MTB): (1) reducing cell’s membrane
permeability and e�ux pump mechanism; (2) generating catabolic and inactivated enzymes; (3) alteringdrug target locus.
Chromosome mediated drug resistance is the main basis of MTB drug resistance [2]. At present, the research of MTB drug
resistance mechanism is mainly focused on the drugs targeted locus and the mutations related genes. The current �rst-line drugs
for the treatment of tuberculosis including isoniazid, streptomycin, rifampicin, pyrazinamide and ethambutol, and the second-line
drugs consisting of �uoroquinolones (Levo�oxacin, Moxi�oxacin), ethionamide and protionamide, and injectable drugs such as
aminoglycoside (kanamycin and amikacin) and polypeptide antibiotic (capreomycin). Currently, major drug-resistant genes of
Mycobacterium tuberculosis have been analyzed and identi�ed. The drug resistant mechanism of isoniazid, an anti-tuberculosis
chemotherapy drug, is rather complicated, with 92% of the INH resistant isolates associated with gene mutations from katG, inhA
and ahpC [3–6];Rifampicin (RFP) is targeting on a DNA dependent RNA polymerase subunit β (rpoB) in mycobacterium
tuberculosis, with 95% of the RFP resistant isolates associated with gene mutations from rpoB gene mutations. The detection of
rifampin resistance is a paramount indication of the MDR-TB[7, 8]; embB gene mutation interpreted the major molecular
mechanism of the 50%-60% of EMB resistance[9, 10]; Of 80% clinical SM resistant isolates of mycobacterium tuberculosis were
detected mutations in rpsL or rrs gene[11, 12]; Fluoroquinolones(FQs) included moxi�oxacin Mfx , levo�oxacin(Lfx) and others.
Mutations of gyrA gene are related to drug concentration and structure causing medium and high drug resistanceof FQs, while gyrB
gene mutation might result in lowly drug resistance of FQs by altering drug accumulation in the cell [13, 14]. Mutations associated
with resistance to amikacin (AM) are located within rrs, which encodes the ribosomal 16S rRNA. The 60.5% of mutation was single
base substitution of 1401 A→G . A minority of isolates were 1402 (C→T or A), 1484 (G→T) which occurred mainly on the highly
resistance strains [15]. The mutation of pncA accompanied with decrease or loss of PZase activity is the main reason of
pyrazinamide (PZA) resistance [16].

Currently, the routine clinical bacteriological laboratory examinations on tuberculosis are microscopic smear and culture method.
Conventional mycobacterium culture and drug sensitivity detection method, BactecMGIT960, has been used as the gold standard
for drug resistance diagnosis in tuberculosis laboratories, but its detection cycle is too long to provide timely detection results for
clinical practice [17] .GeneXpert MTB/RIF assay (Cepheid, Sunnyvale, CA) is a new technology that can detect both Mycobacterium
tuberculosis and rifampicin resistance, but its biggest drawback is that it can only detect rifampicin resistance, not other �rst-line
and second-line drugs[18–21]. In this study, we developed a mutation detection system of resistance with isoniazid (INH),
rifampicin (RFP), streptomycin (SM), ethambutol (EMB), amikacin (AM) and �uoroquinolones (FQs) included moxi�oxacin and/or
levo�oxacin by rapid detecting clinical sputum specimens with PCR �uorescence probe method, providing guidance to both
establish the suitable MDR/XDR mutations detection system and carry out effective and individualized treatment in the early stage.

2 Materials And Methods

2.1 Collection of sputum specimens
We collected 900 cases of morning sputum specimens from tuberculosis patients in the tuberculosis department of the Eighth
Medical Center of the PLA General Hospital and Heilongjiang Chest Hospital from January to December in 2018. All the 900
sputum samples were positive for acid-fast staining with Ziehl-Neelsen method [22].

2.2 Instruments and reagents
Mycobacterium nucleic acid detection reagent, �uorescence detection reagent of MTB nucleic acid ampli�cation and Real time
Fluorescence Quantitative PCR instrument (ABI7700) were provided by CapitalBio Corporation, Tsinghua University, Beijing.

2.3 Methods

2.3.1 Phenotypes drug susceptibility testing(DST)
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The rapid culture and drug sensitivity tests of the BACTEC MGIT 960 System (BD Diagnostic, USA) were conducted in accordance
with the operation sequence in the "TB Laboratory Standardization Operation and Network Establishment"[22].

2.3.2 PCR �uorescence probe method [23]
The Ct value of the positive control should be lower than 40, and Ct value of the negative control should more than 40. If the result
of any of the control is false, the results of all the samples in one experiment is de�ned invalid and need to be redetected.

2.3.3 PCR-directed sequencing(PCR-DS)
A total of 20 µl PCR products will be sent to the Invitrogen (Shanghai) Trading Co. Ltd for the further veri�cation of sequencing.

2.4 Evaluation method
With the BACTEC MGIT 960 System (BD, USA) drug sensitivity results as the standard, the sensitivity and speci�city of PCR-
�uorescence probe method and the detection coincidence rate of the two methods were evaluated. PCR-DS was used to verify the
accuracy of PCR- �uorescence probe method and compare the consistency rate of drug resistance detection between PCR-
�uorescence probe method and PCR-DS.

3 Results

3.1 Molecular species identi�cation [23]
900 specimens of acid fast staining positive sputum were identi�ed by PCR �uorescence probe method. The results indicated that
all the 900 specimens belong to mycobacterium tuberculosis complexes.

3.2 Drug susceptibility testing(DST)

3.2.1 Phenotypic drug susceptibility testing (DST)
The 900 clinical culture isolates were analyzed by conventional drug susceptibility testing(Table 1), 501 were RFP-resistant strains
(55.67%), 399 were RFP-susceptible strains (44.33); 451 were INH-resistant strains (50.11%), 449 were INH-susceptible strains
(49.89%); 293 were FQs-resistant strains (32.56%), 607 were FQs-susceptible strains (67.44%); 235 were EMB-resistant strains
(26.11%), 665 were EMB-susceptible strains (73.89%); 425 were SM-resistant strains (47.22%), 475 were SM-susceptible strains
(52.78%); 204 were AM-resistant strains (22.67%), 696 were AM-susceptible strains (77.33%).

427 (47.44%) of strains were resistant to both RFP and INH and were MDR-TB cases. 146 (16.22%) strains were resistant to all six
drugs and were XDR-TB cases.

3.2.2 PCR �uorescence probe method
We analyzed 900 clinical sputum specimens by PCR �uorescence probe method, 480 specimens were rpoB gene mutant type as
RFP -resistance,(53.33%), 420 specimens were rpoB gene wild type as RFP-susceptible(46.67%); 241 specimens were KatG gene
mutant type(26.78%), 145 specimens were inhA gene mutant type(16.11%) as INH-resistance, 514 specimens were KatG/inhA wild
type as INH-susceptible(57.11%); 239 specimens were gyrA gene mutant type as FQs-resistance(26.56%), 661 specimens were gyrA
gene wild type as FQs-susceptible(73.44%); 190 specimens were embB gene mutant type as EMB-resistance(21.11%), 710
specimens were gyrA gene wild type as EMB-susceptible(78.89%); 342 specimens were rpsL gene mutant type as SM-
resistance(38.00%), 558 specimens were rpsL gene wild type as SM-susceptible(62.00%); 163 specimens were rrs gene mutant type
as AM-resistance(18.11%), 737 specimens were rrs gene wild type as AM-susceptible(81.89%)(Table 1).

The mutations of the rpoB, katG, inhA, rpsL, rrs, embB and gyrA genes were detected in 751 of 900 specimens by PCR-�uorescent
probe method, and no mutant genes were detected in the other 149 specimens as wild types. The rpoB, katG/inhA mutant types
were found in 398 specimens (44.22%) which were MDR gene mutant types, and the related cases were MDR-TB. The rpoB,
katG/inhA, gyrA, rpsL and rrs mutant types were simultaneously found in 137 specimens (15.22%), and the related cases were XDR-
TB.

3.2.3 DNA sequencing (DS)
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Among the 900 clinical sputum specimens, 480 specimens (53.33%) were found eight mutations in �ve loci (T511C, A516T, C526T,
A526G, C526G, A526T, C531T, and T533C) associated with rpoB gene, 420 specimens were found no mutation within rpoB gene;
241 specimens (26.78%) were detected two mutations (G315C,G315A) associated with the katG gene, 145 specimens (16.11%)
harbored one mutation (C-15T) in the inhA gene and 514 specimens were detected no mutation in both katG and inhA gene; 239
specimens (26.56%) were found two mutations (C90T, A94G) associated with the gyrA gene, 661 specimens were found no
mutation in the gyrA gene; 190 specimens (21.11%) were detected two mutations (A306G, G306A) associated with the embB gene,
710 specimens were detected no mutation in the embB gene; 342 specimens (38.00%) harbored two mutations (A43G, A88G) in the
rpsL gene, 558 specimens were found no mutation in the rpsL gene. 163 specimens (18.11%) were found three mutations (A1401G,
C1402T, G1484T) in the rrs gene, 737 specimens were found no mutation in the rrs gene (Table 1).

3.3 Statistical analysis
According to Table 2, we can conclude that the lowest positive coincidence rate of PCR-�uorescent probe method comparing with
DST for the detection of amikacin was 75%, and the other drugs were higher than 75%, which showed that these two methods have
good consistency in positive coincidence rate. At negative coincidence rate, all six drugs were larger than 97% which indicated that
those methods have good consistency. In total coincidence rate, all six drugs were larger than 88%, �ve of which drugs were larger
than 90%. Above all, the results revealed that both PCR-�uorescent probe method and DST have good consistency in the total
coincidence rate of drugs resistance.

As Table 3 showed that both the positive coincidence rate and the negative coincidence rate of the PCR-�uorescent probe method
comparing with PCR-DS were 100%, besides, the total coincidence rate was 100%. Additionally, the statistical results illustrated the
detection results of all the seven drug resistant genes by PCR-�uorescent probe method have good consistence with PCR-DS.

4 Discussion
The diagnosis and treatment of drug resistant tuberculosis especially MDR/XDR-TB are the critical and di�cult factors in the
prevention and control of tuberculosis. Currently, the conventional culture-based techniques have long turnaround times, we cannot
offer timely and effective treatment programs for tuberculosis patients especially those combined with HIV patients [24]. In 2010,
WHO endorsed the GeneXpert MTB/RIF assay (Cepheid, Sunnyvale, CA) [25] that used real-time PCR to identify M. tuberculosis
complex DNA and the mutations associated with RFP resistance directly from sputum specimens. But Xpert MTB/RIF assay cannot
detect mutations associated with other anti-tuberculosis drug such as INH, EMB, SM, AM, FQs. With the deeply research on the
molecular mechanism of drug resistance, the establishment of a simple, fast and accurate method for the detection of drug
resistant mutations become more and more signi�cant to improve the cure rate, reduce the occurrence of drug resistance, decrease
the risk of recurrence and death rate.

PCR �uorescence probe technology is to use double PCR technology and the Taqman probe technique to detect mycobacterium
tuberculosis and drug resistance by monitoring the �uorescence signal of different �uorescent channels. This technique has strong
speci�city, sensitivity, and easy to operate, etc. Our previous study [23] showed that PCR �uorescence probe technology is important
clinical value in the rapid diagnosis of tuberculosis in sputum specimens. However, there are few studies on exploratory
development of PCR-�uorescent probes in rapid detection of mutations associated with XDR-TB.

This study is based on the PCR-�uorescent probe method which has a low cost, simple operation and only need 1.5 hours to the
detect the nucleic acid from the specimens. Besides, this method can signi�cantly shorten the detect cycle comparing with
Phenotypic DST. In this study, we established and evaluated the detection system of multi-drug resistance and extensively drug
resistance in mycobacterium tuberculosis, which re�ects mainly on: (1) The drug resistance of TB was detected by �uorescence
PCR detection technology, which covered six anti-tuberculosis drugs with seven drug resistance genes. Additionally, a multidrug-
and extensively drug-resistant mutation detection system was established, and the results were statistically analyzed for 900
clinical sputum samples, and had high the speci�city and sensitivity values; (2) The clinical diagnostic performance of PCR
detection system was evaluated by testing 900 clinical specimens of mycobacterium tuberculosis, and the results were compared
with the absolute concentration method of DST. In total coincidence rate, all of the six drugs were larger than 88%, �ve of which
drugs were larger than 90%.



Page 6/11

Compared with phenotypic DST, the coincidence rates of rpoB(RFP), katG/inhA(INH), embB(EMB), gyrA(FQs), rpsL(SM) and rrs(AM)
detected by �uorescent probe method were 95.89%, 91%, 92.11%, 90.89%, 88.11% and 93.22%, respectively in this study. The
coincidence rate of two methods of RIF, INH, EMB, FQs, AM resistance testing is higher than 90%, only SM coincidence rate was
88.11%, the mainly reason was that rpoB, katG/inhA, embB, gyrA and rrS gene mutations of Mycobacterium tuberculosis were the
main resistance mechanism of RFP, INH, EMB, FQs, AM. In addition to rpsL gene mutation (50–78%), rrs gene mutation (20–30%) is
also the main molecular mechanism of drug resistant to SM [26, 27]. However, this study had not detect the rrs gene mutation locus
of drug resistant to SM of Mycobacterium tuberculosis, which may be one of the reasons for the low consistency of SM drug
resistance detected by PCR �uorescent probe method compared with phenotypic DST.

In This study, phenotypic DST was used as the standard, the detection rate of MDR-TB by phenotypic DST was 47.44% (427/900),
and the detection rate of rpoB and katG/inhA mutation was 42.22% (398/900) by PCR �uorescence probe method. The sensitivity,
speci�city, coincidence rate of PCR �uorescent probe method for detection of MDR-TB were 90.16%, 97.25%, 93.89%, respectively.
The detection rate of XDR -TB by phenotypic DST was 16.22%(146/900), and the detection rate of rpoB, katG/inhA, rpsL, rrS, embB,
and gyrA by PCR �uorescence probe method was 15.22% (137/900), the sensitivity and speci�city of PCR �uorescent probe method
for detection of XDR-TB were 87.67%, 98.81%, and the coincidence rate was 97.00%.

The studies demonstrate that drug-resistant gene mutations are a major form of TB resistance. As for PCR �uorescence probe
method, the positive detection rate was lower than DST, because drug-resistant gene mutation was just a form of drug resistance.
Reducing cell's membrane vulnerability and e�ux pump and inactivated enzymes changes, were also the causes of TB resistance.
On the other hand, only a few loci of 7 common drug-resistant genes of 6 drugs were detected, while other drug-resistant genes or
other drug-resistant loci were not developed in this study. For example, many genes reported in the literature such as ndh, efpA,
kasA, iniABC operon (for INH resistance)[28], rpoC (for RFP resistance ) [29], embA, embC, ubiA (for EMB resistance) [30], and gyrB
(for FQs resistance )[31]. These may be reasons for lower detection rate of PCR-�uorescent probe method than phenotypic DST.

5 Conclusion
With advantage of simple, accurate, speci�city and high throughput, the PCR-�uorescent probe method will give impetus to the
widely clinical application of molecular diagnostic technology [27, 28]. We can reveal the association between mutation types, drug
resistant type and dosage, clinical treatment and prognosis by distinguishing and investigating different mutation types of anti-
tuberculosis drugs and thereby offer a fresh perspective to anti-tuberculosis drugs’ development so as to truly achieve prevention
and control of tuberculosis. Hereby, we established a comprehensive detecting system of XDR-TB which including both �rst- and
second-line anti-TB drugs. Additionally, developed genetic tests will inevitably produce more rapid results for drug-resistant isolates,
which will lead to faster identi�cation of MDR and XDR strains, more tailored treatment regimens, and a reduction in the
transmission of TB.
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Table 1
Drug resistance detection of 900 clinical sputum specimens

Phenotypic drug susceptibility testing
(DST)

Cases Locus PCR-�uorescent probe Sequencing

Types Cases Mutation Cases

RIF-resisant 501 rpoB Mutant
type

480 T511C 40

A526G 35

C526G 39

C526T 95

A526T 35

A516T 29

C531T 182

T533C 25

RIF-susceptible 399 rpoB Wild type 420 Without
mutation

420

INH-resisant 451 katG Mutant
type

241

145

G315C 199

G315A 42

inhA C-15T 145

INH-susceptible 449 katG /
inhA

Wild type 514 Without
mutation

514

EMB-resistant 235 embB Mutant
type

190 A306G 101

G306A 89

EMB-susceptible 665 embB Wild type 710 Without
mutation

710

FQs-resistant 293 gyrA Mutant
type

239 C90T 75

A94G 164

FQs- susceptible 607 gyrA Wild type 661 Without
mutation

661

SM-resistant 425 rpsL Mutant
type

342 A43G 268

A88G 74

SM-susceptible 475 rpsL Wild type 558 Without
mutation

558

AM-resistant 204 rrs Mutant
type

163 A1401G 103

C1402T 32

G1484T 28

AM- susceptible 696 rrs Wild type 737 Without
mutation

737



Page 10/11

Table 2
Statistical analysis of detecting clinical sputum specimens by PCR-�uorescent probe method and phenotypic DST

PCR-�uorescent probe DST Accuracy values

Resistant Susceptible Sensitivity(%) Speci�city(%) Total
coincidence(%)

RFP (rpoB) Mutant
type

472 8 94.21% 97.99% 95.89%

Wild
type

29 391

INH (katG/inhA) Mutant
type

378 8 83.81% 98.22% 91.00%

Wild
type

73 441

EMB (embB) Mutant
type

177 13 75.32% 98.05% 92.11%

Wild
type

58 652

FQs (gyrA) Mutant
type

225 14 76.79% 97.69% 90.89%

Wild
type

68 593

SM (rpsL) Mutant
type

330 12 77.65% 97.47% 88.11%

Wild
type

95 463

AM (rrs) Mutant
type

153 10 75.00% 98.56% 93.22%

Wild
type

51 686

MDR

(rpoB, katG/inhA)

Mutant
type

385 13 90.16% 97.25% 93.89%

Wild
type

42 460

XDR
(rpoB,katG/inhA,gyrA,embB,rpsL/rrs)

Mutant
type

128 9 87.67% 98.81% 97.00%

Wild
type

18 745
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Table 3
Statistical analysis of detecting clinical sputum specimens by PCR-�uorescent probe method and PCR-DS

PCR-�uorescent probe PCR-DS Accuracy values

Mutant type Wild type Sensitivity(%) Speci�city(%) Total coincidence(%)

rpoB mutant type 480 0 100% 100% 100%

wild type 0 420

katG mutant type 241 0 100% 100% 100%

wild type 0 659

inhA mutant type 145 0 100% 100% 100%

wild type 0 755

embB mutant type 190 0 100% 100% 100%

wild type 0 710

gyrA mutant type 239 0 100% 100% 100%

wild type 0 661

rpsL mutant type 342 0 100% 100% 100%

wild type 0 558

rrs mutant type 163 0 100% 100% 100%

wild type 0 737


