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Abstract

Introduction: Drug resistance to Mycobacterium tuberculosis (M. tuberculosis) especially multi drug
resistant tuberculosis (MDR-TB) has become a serious public health problem in China and worldwide.
We retrospectively analysed the Drug Susceptibility Testing (DST) of 4 Tuberculosis (TB) drugs in 10
years, and provide reference for the prevention and treatment of tuberculosis.
Methods: 10856 strains were isolated from specimen of TB patients during 2006-2015 at our hospital;
the liquid culture method was used for DST of 4 drugs-Streptomycin (S), Isoniazid (I), Rifampin (R) and
Ethambutol (E). Analysis was performed for monodrug, polydrug and multi drug susceptibility testing.
Results: The total drug resistance rate was 33.92% (3682/10856); the total monodrug resistance rate was
13.38% (1452/10856); the total Polydrug Resistant (PDR) rate was 7.88% (855/10856) and the total
Multidrug Resistant (MDR) rate was 12.68% (1375/10856). The single drug resistance resistant rate of
Isoniazid (I) was higher than the other 3 anti-tuberculosis drugs every year. The single and multi-drug
resistant rates to ethambutol were low. The Multidrug Resistance (MDR-TB) rate was higher in local
region than national average.
Conclusion: Adjust the treatment plan of tuberculosis, strengthen the supervision and management are
very necessary to control tuberculosis. More effective measures are still needed to curb the outbreaks
and the recurrence rate of MDR-TB.

Keywords: Tuberculosis, Drug resistance, Multidrug-resistant, First-line drug.
Accepted on March 4, 2017

Introduction
Tuberculosis (TB) is a respiratory infectious disease caused by
Mycobacterium tuberculosis (M. tuberculosis) and endangers
human health. Currently, drug resistance to M. tuberculosis
especially Multi Drug Resistant Tuberculosis (MDR-TB) has
become a serious public health problem in China and
worldwide [1-3]. According to the 2013WHO’s report [4], high
resistant and multiple drug resistant M. tuberculosis are
important reasons of progression and increased mortality of
TB. China is one of the most serious regions plagued by TB
[5]. The fifth national TB epidemiological report of China [6]
showed the number of patients with tuberculosis is 1300,000,
which accounting for global prevalence of 14.3%; and ranked
second in the world. There are 100,000 new MDR-TB patients
were diagnosed every year and the MDR-TB patient has reach
to 340,000 in China [7,8]. Recent reports showed the spreading
of TB has the characters of high infection rate, high resistance
rate, high morbidity, high mortality and low degradation rate
[9-11].

MDR-TB does not respond to treatment with first-line drugs,
and its management using second-line drugs has not yet been
properly organized by most TB control programs [12,13]. Drug
Susceptibility Testing (DST) of M. tuberculosis is a crucial

procedure to determine the effective drug regimen for patients’
treatment and could provide useful reference for the treatment
of patients. In this study, we retrospectively analysed the10
years’ DST of 4 first-line drugs to M. tuberculosis in, to
provide reference for the prevention and treatment of
tuberculosis.

Patients and Methods

Patients and samples
This study was approved by the Institutional Review Board of
Tianjin Haihe hospital, and was conducted in accordance with
good clinical practice. All applicable regulatory requirements
and the guiding principles of the Declaration of Helsinki were
abided. Informed consent was obtained from all subjects for
using their samples.

The strains of M. tuberculosis were collected and isolated from
the specimens of inpatient and outpatient in our hospital from
2006 to 2015. A total of 10856 mycobacterium tuberculosis
positive strains were isolated. Four first line tuberculosis drugs:
Streptomycin (S), Isoniazid (I), Rifampicin (R), Ethambutol
(E) (all purchased from BD Biosciences, Franklin Lakes, NJ,
USA) were used for DST.
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Drug susceptibility testing (DST)
DST for all isolated strains was performed according to routine
laboratory diagnosis of tuberculosis [14]. Briefly, the sputum
samples were treated with 4% sodium hydroxide for digestion,
and then the 0.5 ml of treated sample was added to the 7 ml
MGIT culture tube containing medium and additives. The
samples were cultured in BACTEC™ MGIT™ 960
Mycobacterial Detection System (BD Biosciences, Franklin
Lakes, NJ, USA). Acid fast staining was performed in reported
positive sample of MGIT™ 960 system. The DST was
performed according to instructions of testing kits [12].
Isolates with inconsistent results were subjected to DST twice
at different intervals to reproduce similar results. The
concentrations of the drugs used were: 83 μg/ml for
streptomycin (S); 8.3 μg/ml for isoniazid (I); 83 μg/ml for
Rifampicin (R) and 415 μg/ml for Ethambutol (E). The
standard strains of M. tuberculosis H37Rv was selected as
quality control for each batch of test.

Definition of drug resistant M. tuberculosis
In this study, the drug resistance to M. tuberculosis was defined
to according to WHO Guidelines for the programmatic
management of drug-resistant tuberculosis (Emergency update
2008). Mono-resistance tuberculosis indicates M. tuberculosis
is proved to be resistant to 1 first-line anti-tuberculosis drug in
in vitro DST assay. Polydrug resistance tuberculosis indicates
M. tuberculosis is proved to be resistant to more than 1 first-
line anti TB drug (but resistant to isoniazid and rifampicin at
the same time). Multi Drug Resistant Tuberculosis (MDR-TB)
refers to tuberculosis M. tuberculosis is proved to be resistant
to isoniazid and rifampin at least in in vitro DST test.

Results
There were 10856 strains of M. tuberculosis were isolated in
10 years. The drug resistance rate was 33.92% (3682/10856);
the monodrug resistance rate was 13.38% (1452/10856); the
Polydrug Resistant (PDR) rate was 7.88% (855/10856); the
Multidrug Resistant (MDR) rate was 12.68% (1375/10856).

Drug resistant status
For different annual strains, the single drug resistant rate of
Isoniazid (I) was higher than the other 3 drugs every year. The
summarized frequency of single drug resistance: I
(Isoniazid)>S (Streptomycin)>R (Rifampicin)>E (Ethambutol).
This result could be attribute to isoniazid was the most
commonly used first line drug for M. tuberculosis. The
frequency of two-drug resistant strains changed in different
years, but was mainly resistant to SI (S+I). The summarized 2-
drug resistant frequency was: SI>IR>SR>IE>SE>RE. The
summarized 3-drug resistant frequency were: SIR (S+I
+R)>SIE>IRE>SRE, and was mainly resistant to SIR (Table
1). The 4 drug resisted strains increased slightly from 2010 but
was descending in general (Figure 1).

Monodrug resistance, polydrug resistance and multidrug
resistance changing trend: The multidrug resistance rate
increased steadily since 2008 overall. Monodrug resistant rate
present wave shape trend, monodrug resistant rate increased
significantly from 2010 to 2012 but declined in 2015. The
polydrug resistance rate declined steadily increased
significantly from 2011 to 2012 and changed slightly in recent
3 years (Table 2).

Figure 1. The 4-drug resistance tendency from 2006 to 2015 (%).

Table 1. Resistance frequency of 4 first-line anti-tuberculosis drugs in different years.

 Resistant drug S I R E S+I S+R S+E I+R I+E R+E S+I+R S+I+E S+R
+E

I+R+E S+I+R+E

2006 (n=384) Strain number 22 28 2 8 22 1 0 10 4 0 25 5 0 2 28

Resistant rate
(%)

5.73 7.29 0.52 2.08 5.73 0.26 -- 2.6 4.17 -- 6.51 1.3 -- 0.52 7.29

2007 (n=504) Strain number 32 41 4 2 44 1 0 9 5 1 21 3 0 4 26

Resistant rate
(%)

6.35 8.13 0.79 0.4 8.73 0.2 -- 1.79 1 0.2 4.17 0.6 -- 0.79 5.16

2008 (n=707) Strain number 25 43 3 5 47 3 1 9 3 0 26 1 1 5 32

Resistant rate
(%)

3.54 6.08 0.42 0.7 6.65 0.42 0.14 1.27 0.42 -- 3.68 0.14 0.14 0.7 4.53

2009 (n=816) Strain number 39 73 10 8 52 6 0 16 0 0 34 3 0 8 36
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Resistant rate
(%)

4.78 8.95 1.23 0.98 6.37 0.74 -- 1.96 -- -- 4.17 0.37 -- 0.98 4.41

2010
(n=1011)

Strain number 29 74 6 -- 60 4 0 18 0 1 62 6 0 2 41

Resistant rate
(%)

2.87 7.32 0.59 -- 5.93 0.4 -- 1.78 -- 0.1 6.13 0.59 -- 0.2 4.06

2011
(n=1305)

Strain number 40 87 23 9 74 2 0 26 6 1 69 13 1 13 67

Resistant rate
(%)

3.07 6.67 1.76 0.69 5.67 0.15 -- 1.99 0.46 0.08 5.29 1 0.08 1 5.13

2012
(n=1393)

Strain number 84 96 12 6 111 5 3 35 2 0 72 11 1 4 76

Resistant rate
(%)

6.03 6.89 0.86 0.43 7.97 0.36 0.22 2.51 0.14 -- 5.17 0.79 0.07 0.27 5.45

2013
(n=1479)

Strain number 69 110 17 7 97 1 1 24 7 0 77 8 0 7 57

Resistant rate
(%)

4.67 7.44 1.15 0.47 6.56 0.07 0.07 1.62 0.47 -- 5.21 0.54 -- 0.47 3.85

2014
(n=1631)

Strain number 83 130 8 19 109 1 9 39 16 0 99 18 0 17 80

Resistant rate
(%)

5.09 7.97 0.49 1.16 6.68 0.06 0.55 2.39 0.98 -- 6.07 1.1 -- 1.04 4.9

2015
(n=1626)

Strain number 89 96 8 4 109 2 0 30 3 0 92 9 1 11 64

Resistant rate
(%)

5.47 5.9 0.49 0.25 6.7 0.12 -- 1.85 0.18 -- 5.66 0.55 0.06 0.68 3.94

S: Streptomycin; H: Isoniazid; R: Rifampin; E: Ethambutol.

Table 2. Single drug resistance, polydrug resistance, multi-drug resistance change trend in different years.

Monodrug Polydrug Multidrug

Year Strain number Resistant rate (%) Strain number Resistant rate (%) Strain number Resistant rate (%)

2006 60/384 15.62 32/384 8.33 65/384 16.93

2007 79/504 15.67 54/504 10.71 60/504 11.9

2008 77/707 10.89 55/707 7.78 72/707 10.18

2009 130/816 15.93 61/816 7.48 94/816 11.52

2010 109/1011 10.78 71/1011 7.02 123/1011 12.17

2011 159/1305 12.18 97/1305 7.43 175/1305 13.41

2012 198/1393 14.21 130/1393 9.33 190/1393 13.64

2013 203/1479 13.73 106/1479 7.17 165/1479 11.16

2014 240/1631 14.71 135/1631 8.28 234/1631 14.35

2015 197/1626 12.12 114/1626 7.01 197/1626 12.12

Total 1452/10856 13.38 855/10856 7.88 1375/10856 12.68

Monodrug resistance: The Mycobacterium tuberculosis is confirmed to be resistant to 1 first-line anti TB drug; Polydrug resistance: resistant to more than 1 first-line anti
TB drug but not include isoniazid and rifampicin simultaneously; Multidrug resistance: at least resistance to isoniazid and rifampicin simultaneously.

Discussions
Drug resistant to M. tuberculosis has become a major cause of
tuberculosis spreading, and causes hard controlling in
tuberculosis. The multi-drug resistant TB (MDR-TB) could
cause poor cure rate and high cost of tuberculosis. MDR-TB
serious impact on the work of TB control [15,16]. The total

drug resistant rate was 33.92% in our study, the monodrug
resistant order was
isoniazid>streptomycin>rifampicin>ethambutol. As one of the
main first-line anti-tuberculosis drugs, Isoniazid (I) has highly
selective anti-bacteria activity against M. tuberculosis.
Isoniazid mainly exerts effect on growing TB, and only has
bacteriostatic effect on inactive TB. Isoniazid could penetrate
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phagocytic cells easily, and has bactericidal effect on TB both
inside and outside of the cell [17]. Isoniazid was used as the
main chemotherapy drugs in clinical, it’s drug resistant rate
increased with the high used frequency. As one of first line
tuberculosis drug, ethambutol has good clinical effect [18].
This study also showed that the single and multi-drug resistant
rates to ethambutol were low, which indicating that it has a
good application potential.

We found the main 2-resistant drugs were streptomycin (S) +
isoniazid (I), and 3- resistant drugs were S+I+R (rifampicin).
Isoniazid and Rifampicin are mainly combined used, the drug
resistant rate to these 2 drugs increased year by year. Research
indicated nearly 1/3 of the tuberculosis patients are resistant to
Isoniazid and Rifampicin [19], which may cause by the
excessive abuse of short course chemotherapy composed by
Isoniazid and Rifampicin. Correctly using of Isoniazid and
Rifampicin, thus reducing the drug resistant rate of M.
tuberculosis is the main direction of our future work.

Our research also showed the multidrug resistance (MDR-TB)
rate is 12.68% in 10 years. The most noteworthy is that the
total multi-drug resistance rate showed a slightly increasing
trend since 2008. The total multi drug resistant rate was much
higher than the national (China) tuberculosis epidemiological
survey statistics data (6.8%) and also higher than the Hu’
reported MDR-TB rate [20]. This may attribute to the non-
standard medication, repeated hospitalization of investigated
patients. Because they have serious illness, or the most patients
received multiple treatment. The increasing of MDR-TB
patients has attracted worldwide attention. Cheepsattayakorn
[21] indicated the host genetic factors are the cause of the
occurrence, development and drug resistance of tuberculosis.
We believe the rapid screening and gene polymorphism studies
of isoniazid, rifampin resistance gene using advanced
technology also play important role in screening drug
resistance tuberculosis [22-24].

MDR-TB is the spreading foundation of tuberculosis.
Ineffectively controlling of MDR-TB lead to more chronic
infection and pan resistant bacteria, thus resulting in the
difficulty in the furtherly treatment and management of
tuberculosis increased. At the same time, resistant M.
tuberculosis in the initial treated patients further increased the
difficulty of treatment [25]. The fifth epidemiological survey
of China estimated there are 900,000 new tuberculosis patients
diagnosed each year, and about 50,000 patients are resistant to
multi drug. However, there were only 2882 patient registered
resistant to multi drug in 2012, and 1969 (68%) of them
implemented treatment. This means less than 1% of TB
patients registered. Strengthen the management and
supervision of patients with drug resistant M. tuberculosis is
the basis of controlling drug-resistant tuberculosis.

The emergence of resistant M. tuberculosis is caused by many
reasons: (1) irregular medication is the main occurrence reason
of drug-resistant M. tuberculosis. Chen et al. [26] indicated
non-standard or irregular therapy is important risk factors for
multidrug resistance in TB patients. (2) Un-reasonable
chemotherapy, without using effective chemotherapy [27]. In

recent years, WHO has provided a series of guiding principles
for management of TB, which has important meaning for the
treatment of tuberculosis. (3) mismanagement of
chemotherapy, especially failed to implement supervising and
managing TB in strengthening period [28]; (4) poor patient’s
compliance, patient did not take the medicine on time and
complete the treatment; (5) patients did not able to get needed
anti-TB drugs due to economic reasons, or the get poor quality
of anti-TB drugs; (6) Patients admitted to tuberculosis hospitals
are mostly have severe refractory tuberculosis, this is the
important reasons for the high nosocomial resistance rate in
our study. Therefore, it is very necessary to supervise
tuberculosis patients strictly and control the source of infection
in hospital. In addition, managing MDR-TB patients both by
means of hospital management and non-hospital treatment. For
patient diagnosed with MDR-TB or patient with adverse drug
reactions, the hospitalization, implementation of clinical
intervention, performing sufficient treatment to these patients
could effectively curb the spread of drug-resistant M.
tuberculosis.

If the patient with multi drug resistant who cannot be admitted
to tuberculosis hospital, they should be reported to
corresponding tuberculosis prevention and control unit and
been supervised. Management of all types of drug resistant TB
patients to improve the cure rate, reducing their recurrence
rate, and reducing the mortality rate of drug-resistant TB could
effectively prevent the propagation of drug resistant TB. On
the other hand, strengthening the training of prevention and
treatment of tuberculosis in medical staff, improving the
alertness and early diagnosis of pulmonary tuberculosis
patients; and early treatment could reduce the drug resistant M.
tuberculosis, which could benefit the controlling of TB in the
future.

In conclusion, our study showed that the resistant rate of M.
tuberculosis to isoniazid was and resistant rate to ethambutol
was low in local region, while the multidrug resistance (MDR-
TB) rate was higher. This demonstrate that adjust the treatment
plan of tuberculosis, strengthen the supervision and
management are very necessary to control tuberculosis.
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