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Abstract: To explore the application value of cycloserine and linezolid in treating the multi-drug resistant pulmo-
nary tuberculosis and their influence on the neurological function of patients. From August 2016 to May 2017, 
179 patients with multi-drug resistant pulmonary tuberculosis treated in Wuhan Jinyintan Hospital were collected, 
including 65 patients treated with linezolid (LZ) in the LZ group, 61 patients treated with cycloserine (CS) in the CS 
group and 53 patients received conventional treatment in the routine treatment group (RTG). The sputum negative 
conversion rate, lesion absorption, cavity reduction, neurological adverse reactions and SF-36 score of patients 
were observed in the three groups. Independent risk factors of sputum not turning negative were analyzed. ROC was 
used to test the predictive value of independent risk factors. The sputum negative conversion rate, lesion absorp-
tion rate and cavity reduction rate in the LZ group and CS group were higher than those in the RTG after treatment 
for 18 months and 24 months. At the 24th month, the sputum negative conversion rate, lesion absorption rate and 
cavity reduction rate in the CS group were higher than those in the LZ group. The incidence rate of neurological 
adverse reactions in the CS group was higher than that in the LZ group and RTG (P<0.05). SF-36 in the CS group 
was lower than that in the LZ group and RTG (P<0.05), and SF-36 in the LZ group was significantly higher than that 
in the RTG (P<0.05). Age, course and number of previous anti-tuberculosis treatment were independent risk factors 
for patients not turning negative. The ROC curve showed that the area under the age curve was 0.790, the area 
under the disease course curve was 0.632, and the area under the number of previous anti-tuberculosis curve was 
0.586. CS was better than LZ in treating the multi-drug resistant pulmonary tuberculosis, but LZ had less adverse 
effects on neurological function than CS.
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Introduction

Tuberculosis is a major infectious disease in 
the world, mainly caused by mycobacterium 
tuberculosis infection, which can be transmit-
ted through respiratory tract. According to sta-
tistics, more than 1 million patients died of 
tuberculosis in 2015 worldwide [1, 2]. More- 
over, the main tuberculosis infection organ is 
the lung, which has strong infectious ability. 
Infected persons without effective treatment 
can infect 10 to 15 persons every year [3, 4]. 
China is currently the country with the second 
highest burden of tuberculosis. Tuberculosis 
has been the respiratory infectious disease 
with the highest number of newly diagnosed 
patients in China [5]. Isoniazid and rifampicin 
are currently the first-line therapeutic drugs  

for tuberculosis. These two drugs have better 
efficacy on general tuberculosis, but some 
tuberculosis patients have resistance to these 
two drugs, which is called multidrug-resistant 
tuberculosis [6, 7]. There are an estimated 
450,000 cases in the world, but less than 20% 
of the patients can receive appropriate anti-
tuberculosis treatment. As the carrier time and 
treatment time of patients with multi-drug re- 
sistant pulmonary tuberculosis are longer than 
those of ordinary tuberculosis patients, and 
their potential transmission threat is greater, 
timely treatment of multi-drug resistant pulmo-
nary tuberculosis patients can effectively con-
trol the transmission of tuberculosis [8, 9].

Cycloserine (CS) is a cyclic analog of D-alanine, 
which achieves antibacterial effect by prevent-
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ing the formation of bacterial cell walls. Becau- 
se its drug resistance is slower than other anti-
tuberculosis drugs, it is recommended as a 
second-line drug for multidrug-resistant tuber-
culosis, but it also has certain nerve-related 
toxic and side effects [10, 11]. Linezolid (LZ) is 
an oxazolidinone antimicrobial agent and has 
better activity on mycobacterium tuberculosis, 
especially on microorganisms in logarithmic 
growth phase [12]. LZ is also recommended  
as a drug for the treatment of multi-drug resis-
tant pulmonary tuberculosis due to its difficulty 
in producing drug resistance, but it also has 
certain toxic and side effects on nerves, espe-
cially optic nerve related disorders [13, 14]. 
Some studies by Bobylev [15] and others have 
suggested that prolonged LZ treatment may 
lead to peripheral neuropathy. However, due to 
the short time that the two drugs are on the 
market in China, there are few comparative 
studies on the actual efficacy of the two drugs 
in multi-drug resistant pulmonary tuberculosis 
and their influence on neurological function.

Therefore, this study was designed to hope to 
provide the basis and direction for clinical ap- 
plication by comparing the application value of 
CS and LZ in treating multi-drug resistant pul-
monary tuberculosis and observing the effects 
of the two drugs on the neurological function of 
patients.

Methods and materials

Clinical data of patients

From February 2017 to March 2019, 179 pa- 
tients with multi-drug resistant pulmonary 
tuberculosis treated in Wuhan Jinyintan Hos- 
pital were collected. 65 cases were treated 
with LZ combined with conventional therapy  
as the LZ group, including 50 men and 41 
women, with an average age of 39.7±6.5 years 
old. 61 cases were treated with CS combined 
with conventional therapy as the CS group, in- 
cluding 48 men and 34 women, with an aver-
age age of 38.8±5.7 years old. 53 cases were 
treated with conventional therapy as the RTG. 
This study was approved by the medical ethics 
committee. All patients were informed and 
signed the informed consent form.

Inclusion and exclusion criteria

Inclusion criteria: All patients were diagnosed 
as pulmonary tuberculosis by cytology and pa- 

thology [16]. Drug sensitivity test revealed re- 
sistance to isoniazid and rifampicin. Sputum 
was positive. CS or LZ had not been used for 
treatment before. The clinical data of patients 
were complete. Patients cooperated with treat-
ment and follow-up.

Exclusion criteria: Patients with drug allergy, 
other respiratory tract infection diseases, or 
nerve-related disorders; patients with immune 
diseases; patients with other malignant tu- 
mors; patients with hepatic and kidney func- 
tion obstacle; pregnant or lactating women.

Therapeutic schemes

All patients were treated with standard treat-
ment plan in the three groups [17]: patients 
were treated with capreomycin/amikacin+py- 
razinamide+prothionamide+moxifloxacin/levo-
floxacin in the 6-month intensive period and  
pyrazinamide+prothionamide+moxifloxacin/
levofloxacin in the 18-month consolidation  
period, with 24 months as a course of treat-
ment. During treatment, reasonable drugs we- 
re selected according to drug sensitivity re- 
sults. Patients with amikacin resistance were 
treated capreomycin, while patients with moxi-
floxacin resistance were treated with levofloxa-
cin. Administration methods: Capreomycin sul-
fate/amikacin sulfate injection was adminis-
tered at 0.75 g/d, with intravenous drip. Pyra- 
zinamide tablets were administered orally at a 
dose of 0.75 g/d for those weighing <50 kg  
and 1.0 g/d for those weighing ≥50 kg. Pro- 
thionamide tablets were administered orally at 
a dose of 0.5 g/d for those weighing <50 kg 
and 0.75 g/d for those weighing ≥50 kg. Moxi- 
floxacin hydrochloride injection was adminis-
tered at 0.4 g/d, with intravenous drip. Levo- 
floxacin hydrochloride injection was adminis-
tered at 0.75 g/d, with intravenous drip.

Outcome measures

Main outcome measures: The sputum negative 
conversion rate, lesion absorption rate and  
cavity reduction rate of patients in the three 
groups were observed after treatment for 6, 
12, 18 and 24 months. The sputum bacteria 
turned negative: the sputum of the patient was 
negative for 2 consecutive months, and the 
sputum was no longer positive; Focus absorp-
tion: X-ray was used to detect the lesion range 
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of patients, and the lesion area was smaller 
than the original lesion area after treatment; 
Cavity narrowing: the cavity narrowed or block- 
ed and closed; Neurorelated adverse reactions 
developed in the three groups.

Secondary observation index: Clinical data and 
SF-36 score of patients in the three groups. 
SF-36 was used to evaluate the quality of life  
of patients. The scale was used for evaluation 
from 8 dimensions, and the average scores of  
8 dimensions were obtained and compared. 
Independent risk factors of sputum not turning 
negative were analyzed by multivariate logistic 
regression. ROC detection of independent risk 
predicted sputum not turning negative value.

Statistical analysis

SPSS20.0 (SPSS Chicago, USA) was used to 
carry out statistical analysis on the collected 
data. GraphPad Prism 7 (Graphpad Software 
Co., Ltd., San Diego, USA) was used to draw the 
data picture. The usage rates (%) of enumera-

tion data are expressed as chi-square test,  
indicated by X2. The measurement data were 
expressed as mean number ± standard devia-
tion (Mean ± SD). All measurement data con-
formed to normal distribution. The indepen- 
dent sample t-test was used for comparison in 
both groups. The three groups were compared 
by using the independent analysis of variance, 
represented by F. There was a statistical differ-
ence in both groups with P<0.05.

Results

Clinical data

By comparing the clinical data of the three 
groups, we concluded that there was no statis-
tical difference in terms of gender, BMI, age, 
course, place of residence, smoking history, 
alcoholic history, complications (diabetes, hy- 
pertension, extrapulmonary tuberculosis), cavi-
ty, and number of previous anti-tuberculosis 
therapy. More details are shown in Table 1.

Table 1. Clinical data
LZ group (n = 65) CS group (n = 61) RTG (n = 53) X2/F P

Gender 0.185 0.912
    Male 34 (52.31) 30 (49.18) 28 (52.83)
    Female 31 (47.69) 31 (50.81) 25 (47.17)
BMI (kg/m2) 19.77±2.14 20.25±2.07 20.69±2.09 2.818 0.624
Age (years old) 39.7±6.5 38.8±5.7 41.2±5.5 2.336 0.100
Course (years) 2.9±0.8 2.7±0.5 3.0±0.7 2.922 0.056
Place of residence 1.298 0.523
    Town 49 (75.38) 51 (83.61) 42 (79.25)
    Rural 16 (24.62) 10 (16.39) 11 (20.75)
Smoking history 0.907 0.636
    Yes 19 (29.23) 21 (34.43) 14 (26.42)
    No 46 (70.77) 40 (65.57) 39 (73.58)
Alcoholic history 2.126 0.344
    Yes 17 (26.15) 13 (21.31) 8 (15.09)
    No 48 (73.85) 48 (78.69) 45 (84.91)
Complications
    Diabetes mellitus 18 (27.69) 17 (27.87) 14 (26.42) 0.036 0.983
    Hypertension 13 (20.00) 14 (22.95) 12 (22.64) 0.193 0.908
    Extrapulmonary tuberculosis 14 (21.54) 11 (18.03) 10 (18.87) 0.268 0.874
Cavity 0.213 0.899
    Yes 17 (26.15) 18 (29.51) 14 (26.42)
    No 48 (73.85) 43 (70.48) 39 (73.58)
Number of previous anti-tuberculosis 0.047 0.967
    <3 51 (78.46) 49 (80.33) 42 (79.25)
    ≥3 14 (21.54) 12 (19.67) 11 (20.75)
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Table 3. Sputum negative conversion in the three groups for 24 months
Treatment for 6 

months
Treatment for 12 

months
Treatment for 18 

months
Treatment for 24 

months
LZ group (n = 65) 22 (33.85) 32 (49.23) 38 (58.46) 41 (63.08)
CS group (n = 61) 24 (39.34) 35 (57.38) 44 (72.13) 49 (80.33)
RTG (n = 53) 17 (32.08) 22 (41.51) 26 (49.06) 30 (56.60)
X2 0.738 2.866 6.459 7.949
P 0.691 0.239 0.040 0.019

Table 2. Neurological function-related adverse reactions
LZ group (n = 65) CS group (n = 61) RTG (n = 53) X2 P

Vertigo 1 (1.54) 4 (6.56) 2 (3.78) 2.113 0.348
Mania 2 (3.08) 5 (8.20) 1 (1.89) 3.108 0.211
Depression 1 (1.54) 3 (4.92) 1 (1.89) 1.552 0.463
Illusion 1 (1.54) 2 (3.28) 1 (1.89) 0.478 0.788
Numbness or pain of limbs 3 (3.08) 5 (8.20) 2 (3.78) 1.061 0.588
Hypopsia 4 (6.15) 3 (4.92) 1 (1.89) 1.289 0.525
Total rate of adverse reaction 12 (18.46) 22 (36.07) 8 (15.09) 8.386 0.015

Table 4. Lesion absorption in the three groups for 24 months
Treatment for 6 

months
Treatment for 12 

months
Treatment for 18 

months
Treatment for 24 

months
LZ group (n = 65) 22 (33.85) 33 (50.77) 41 (63.08) 43 (66.15)
CS group (n = 61) 25 (40.98) 36 (59.02) 45 (73.77) 52 (85.25)
RTG (n = 53) 16 (30.19) 21 (39.62) 27 (50.94) 32 (60.38)
X2 1.530 4.277 6.349 9.648
P 0.465 0.118 0.042 0.008

The adverse reaction rate of nervous function 
caused by CS was higher than that caused by 
LZ

By comparing the neurological function-related 
adverse reactions in the two groups, we found 
that there was no difference in vertigo, mania, 
depression, illusion, numbness or pain of limbs 
and hypopsia in the three groups, but the total 
adverse reaction rate in CS group was higher 
than that in LZ group and RTG. More details are 
shown in Table 2.

The sputum negative conversion rate of CS for 
24 months was higher than that of LZ

By comparing the sputum negative conversion 
of patients in the three groups within 24 mon- 
ths, we found that there was no difference in 
three groups in 6 months and 12 months of 
treatment. LZ group and CS group were higher 
than the RTG in 18 and 24 months of treat-

ment, and CS group was higher than LZ group 
in 24 months of treatment. More details are 
shown in the Table 3.

The lesions absorption rate of CS for 24 
months was higher than that of LZ

By comparing the lesion absorption of patients 
in the three groups within 24 months, we found 
that there was no difference in three groups in 
6 months and 12 months of treatment. LZ 
group and CS group were higher than the RTG 
in 18 and 24 months of treatment, and CS 
group was higher than LZ group in 24 months 
of treatment. More details are shown in the 
Table 4.

The cavity reduction rate of CS for 24 months 
was higher than that of LZ

By comparing the cavity reduction of patients  
in the three groups within 24 months, we found 
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that there was no difference in three groups  
in 6 and 12 months of treatment. LZ group  
and CS group were higher than the RTG in  
18 and 24 months of treatment, and CS group 
was higher than LZ group in 24 months of  
treatment. More details are shown in the Table 
5.

The quality of life of CS was lower than that of 
LZ

By comparing SF-36 scale in the three groups 
after treatment, it was found that the CS group 
(83.35±3.48) was lower than the LZ group 
(92.43±5.37) and the RTG (90.25±5.16), and 
the LZ group was higher than the RTG. More 
details are shown in Figure 1.

Univariate analysis of sputum not turning 
negative

Patients were divided into negative conversion 
group and non-negative conversion group ac- 

cording to whether the patients turned nega-
tive. The clinical data in both groups were col-
lected and analyzed by univariate analysis. It 
was concluded that there were no differences 
in terms of gender, BMI, place of residence, 
smoking history, alcoholic history, diabetes, 
hypertension and cavity treatment methods in 
the two groups. There were differences in age, 
course, extrapulmonary tuberculosis, number 
of previous anti-tuberculosis therapy. More de- 
tails are shown in the Table 6.

Univariate analysis of sputum not turning 
negative

Indicators with differences in univariate analy-
sis were included in the assignment (shown in 
Table 7 for the assignment table). LR was ana-
lyzed by multivariate logstic regression analy-
sis. The results showed that extrapulmonary 
tuberculosis and treatment methods were not 
independent risk factors for survival of pati- 
ents, while age (OR: 2.846, 95% CI: 2.047-
6.122), course (OR: 1.588, 95% CI: 1.106-
4.742), and number of previous anti-tuberculo-
sis therapy (OR: 1.265, 95% CI: 1.021-3.362) 
were independent risk factors for sputum not 
turning negative. More details are shown in 
Table 8.

Independent risk factors had predictive value 
in sputum bacteria not turning negative

Through the ROC curve to predict the value of 
independent risk factors of sputum not turning 
negative, it was found that the area under the 
age curve was 0.790, the specificity and sensi-
tivity were 72.50% and 69.49%, the area under 
the disease course curve was 0.632, the speci-
ficity and sensitivity were 64.17% and 57.63%, 
the area under the number of previous anti-
tuberculosis curve was 0.586, and the specific-
ity and sensitivity were 85.00% and 32.20%. 
More details are shown in Table 9 and Figure 2.

Table 5. Cavity reduction in the three groups for 24 months
Treatment for 6 

months
Treatment for 12 

months
Treatment for 18 

months
Treatment for 24 

months
LZ group (n = 65) 21 (32.31) 30 (46.15) 38 (58.46) 42 (64.62)
CS group (n = 61) 22 (36.07) 34 (55.74) 44 (72.13) 50 (81.97)
RTG (n = 53) 14 (26.42) 19 (35.85) 26 (49.06) 30 (56.60)
X2 1.227 4.513 6.459 8.996
P 0.541 0.105 0.040 0.011

Figure 1. Comparison of SF-36 scales. There were 
differences among the three groups (F = 61.776, 
P<0.001); the CS group was lower than the LZ group 
and the RTG, and the LZ group was significantly high-
er than the RTG. * means P<0.05, and *** means 
P<0.001.
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Table 8. Multivariate analysis

Factors B S.E. Wals Sig. Exp (B)
95% C.I. of EXP (B)

Lower limit Upper limit
Age 1.216 2.835 11.057 0.001 2.846 2.047 6.122
Course 0.847 2.145 9.958 0.018 1.588 1.106 4.742
Number of previous anti-tuberculosis 1.915 1.847 9.022 0.019 1.265 1.021 3.362

Table 6. Univariate analysis
Negative conversion 

group (n = 120)
Non-negative conversion 

group (n = 59) X2 P

Gender 1.892 0.169
    Male 66 (55.00) 26 (44.07)
    Female 54 (45.00) 33 (55.93)
BMI (kg/m2) 20.17±2.37 20.21±2.03 0.111 0.912
Age/years old 38.26±4.66 45.74±5.37 9.593 <0.001
Course (years) 2.6±0.7 3.2±0.5 5.883 <0.001
Place of residence 1.574 0.210
    Town 92 (76.67) 50 (84.75%)
    Rural 28 (23.33) 9 (15.25)
Smoking history 1.732 0.188
    Yes 40 (33.33) 14 (23.73)
    No 80 (66.67) 45 (76.27)
Alcoholic history 1.879 0.171
    Yes 29 (24.17) 9 (15.25)
    No 91 (75.83) 50 (84.75)
Complications
    Diabetes mellitus 30 (25.00) 19 (32.20) 1.032 0.310
    Hypertension 28 (23.33) 11 (18.64) 0.510 0.475
    Extrapulmonary tuberculosis 16 (13.33) 20 (33.90) 10.411 0.001
Cavity 0.435 0.510
    Yes 31 (25.83) 18 (30.51)
    No 89 (74.17) 41 (69.49)
Number of previous anti-tuberculosis 7.139 0.008
    <3 102 (85.00) 40 (67.80)
    ≥3 18 (15.00) 19 (32.20)
Methods of treatment 7.949 0.019
    LZ 41 (34.17) 24 (40.68)
    CS 49 (40.83) 12 (20.34)
    Routine treatment 30 (25.00) 23 (38.98)

Table 7. Assignment table
Factors Assignment
Age Data was a continuous variable and was analyzed by using original data.
Course Data was a continuous variable and was analyzed by using original data.
Extrapulmonary tuberculosis Yes = 1, No = 0.
Number of previous anti-tuberculosis ≥3 times = 1, <3 times = 0.
Methods of treatment LZ = 1, CS = 2, Routine treatment = 0.
Sputum negative conversion No = 1, Yes = 0.
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Discussion

Previous studies have demonstrated that CS 
can simultaneously inhibit the staphylococcus 
alanine racemase and enzyme synthesized by 
peptidoglycan components in bacterial cell 
walls, thus playing an antibacterial role. How- 
ever, it also has the effect of inhibiting the  
level of neurotransmitters [18]. LZ plays an 
antibacterial role by inhibiting bacterial protein 
synthesis at an early stage [19]. Therapeutic 
drugs in both groups are currently second-line 
antituberculosis drugs. It is still unclear about 
the comparison of efficacy of the two drugs  
and the influence of nerve-related adverse 
reactions.

Sputum smear conversion rate is an important 
indicator for measuring the therapeutic effect 
of multi-drug resistant pulmonary tuberculosis 
patients [20]. Therefore, in this study, we first 
compared the sputum negative conversion 
rates in the three groups for 6, 12, 18 and 24 
months of treatment. It was found that there 
was no difference in the three groups for 6 and 
12 months of treatment. At 18 months and 24 
months of treatment, the negative conversion 
rates in the LZ group and CS group were higher 
than those in the RTG, and the negative con- 
version rate in the CS group was higher than 

that in the LZ group at 24 months of treat- 
ment. At the same time, we also compared the 
lesion absorption and cavity reduction in the 
three groups. It was found that the lesion ab- 
sorption rate and cavity reduction rate in the 
three groups had no significant difference at 6 
months and 12 months of treatment. The le- 
sion absorption rate and cavity reduction rate 
in the LZ group and CS group were higher than 
those in the RTG at 18 months and 24 mon- 
ths, and the lesion absorption rate and cavity 
reduction rate in the CS group were higher  
than those in the LZ group at 24 months. 
Through comparison, we also found that the 
use of CS combined with LZ could improve the 
efficacy of routine treatment, and the thera- 
peutic effect of CS was better than LZ at 24 
months. The research by Kwak et al. [21] re- 
vealed the development trend of 418 patients 
with multi-drug resistant tuberculosis in the 
past 20 years, and also suggested that the  
new generation of LZ was used more frequent- 
ly in tuberculosis than CS.

Then we compared the adverse reactions re- 
lated to nerve function in each group during  
the treatment process, and found that vertigo, 
mania, depression, illusion, numbness of limbs 
and hypopsia developed in all three groups of 
patients. The incidence rate in the LZ group 
and CS group was higher than that in the RTG, 
while the incidence rate in the LZ group was 
lower than that in the CS group. At present, 
nerve-related adverse reactions are often ac- 
companied during tuberculosis treatment [22, 
23]. Combined LZ or CS increases the inci-
dence of related adverse reactions, but the 
adverse reactions caused by LZ are less than 
those caused by CS. Therefore, although CS 
has better curative effect, we have been cau-
tious about increasing adverse reactions relat-
ed to patients’ neurological function. During 
treatment, adverse reactions often affect the 
quality of life of patients, so we used the SF-36 
score to compare the quality of life of patients, 
and found that the CS group was significantly 
lower than the LZ group and the RTG, and the 
LZ group was significantly higher than the RTG.

Table 9. ROC curve data
Indexes AUC 95% CI Specificity Sensitivity youden index Cut-off
Age 0.790 0.718~0.862 72.50% 69.49% 41.99% >42.500
Course 0.632 0.547~0.717 64.17% 57.63% 21.80% >3.250
The number of previous anti-tuberculosis 0.586 0.494~0.678 85.00% 32.20% 17.20% >0.5

Figure 2. ROC curve of independent risk factors for 
predicting sputum not turning negative. The area 
under the age curve was 0.790, the area under the 
disease course curve was 0.632, and the area under 
the number of previous anti-tuberculosis curve was 
0.586.



Curative effect of cycloserine on multi-drug resistant pulmonary tuberculosis

519 Int J Clin Exp Med 2021;14(1):512-520

At the end of the study, we analyzed the inde-
pendent risk factors of sputum not turning  
negative by logistic regression and found that 
elder age, longer course and number of previ-
ous anti-tuberculosiss therapy ≥3 were the in- 
dependent risk factors of sputum not turning 
negative. The research by Gebreegziabher et 
al. [24] also revealed that the delay of diag- 
nosis and treatment and HIV co-infection are 
also risk factors for poor treatment results. The 
predictive value of these risk factors was ana-
lyzed by ROC curve, and it was found that the 
area under the age curve was 0.790, the area 
under the disease course curve was 0.632,  
and the area under the number of previous 
anti-tuberculosis curve was 0.586. For these 
patients with risk factors, we should pay more 
attention to them and select a more appropri-
ate treatment rate scheme to improve their 
condition.

However, there are still some deficiencies in 
this study. First of all, our study did not include 
normal healthy subjects, so the difference 
between the three groups of patients and nor-
mal subjects is still unclear. Some studies also 
showed that antituberculosis therapy may lead 
to changes in patients’ immune function and 
some indicators [25-27], but these indicators 
have not been included in this study. We hope 
to observe the effects of therapy on some bio-
logical indicators in subsequent studies. In the 
end, the focus of our research is mainly to  
compare the efficacy of LZ and CS and their 
effects on nerve-related adverse reactions,  
but some other adverse reactions will also be 
found in the anti-tuberculosis treatment. We 
have not conducted in-depth research on the- 
se adverse reactions.

To sum up, CS was better than LZ in treating 
multi-drug resistant pulmonary tuberculosis, 
but LZ had less adverse effects on neurologi- 
cal function than CS.

Disclosure of conflict of interest

None.

Address correspondence to: Fan Xiao, Department 
of RR/MDR-TB, Wuhan Jinyintan Hospital, NO. 1 
Yintan Road, Dongxihu District, Wuhan 430023, 
Hubei, China. Tel: +86-13006350346; E-mail: fanx-
azbzdv689@163.com

References

[1] GBD 2015 Mortality and Causes of Death Col-
laborators. Global, regional, and national life 
expectancy, all-cause mortality, and cause-
specific mortality for 249 causes of death, 
1980-2015: a systematic analysis for the Glob-
al Burden of Disease Study 2015. Lancet 
2016; 388: 1459-1544.

[2] Ioannidis P, van Soolingen D, Mokrousov I, Pa-
paventsis D, Karabela S, Konstantinidou E, 
Marinou I, Nikolaou S, Kanavaki S, Mantadakis 
E, Samonis G, Anthony R and Vogiatzakis  
E. Multidrug-resistant/extensively drug-resis-
tant tuberculosis in Greece: predominance of 
Mycobacterium tuberculosis genotypes en-
demic in the Former Soviet Union countries. 
Clin Microbiol Infect 2017; 23: 1002-1004.

[3] Guirao-Arrabal E, Santos F, Redel J, Vaquero 
JM and Torre-Cisneros J. Efficacy and safety of 
short-term treatment with isoniazid and rifam-
picin for latent tuberculosis infection in lung 
transplant candidates. Clin Transplant 2017; 
31. 

[4] Alema HB, Hailemariam SA, Misgina KH, Wel-
du MG, Gebregergis YS, Mekonen GK and Ge-
bremedhin KA. Health care seeking delay 
among pulmonary tuberculosis patients in 
North West zone of Tigrai region, North Ethio-
pia. BMC Infect Dis 2019; 19: 309.

[5] Guo Z, Xiao D, Wang X, Wang Y and Yan T. Epi-
demiological characteristics of pulmonary tu-
berculosis in mainland China from 2004 to 
2015: a model-based analysis. BMC Public 
Health 2019; 19: 219.

[6] Page KR, Sifakis F, Montes de Oca R, Cronin 
WA, Doherty MC, Federline L, Bur S, Walsh T, 
Karney W, Milman J, Baruch N, Adelakun A and 
Dorman SE. Improved adherence and less tox-
icity with rifampin vs isoniazid for treatment of 
latent tuberculosis: a retrospective study. Arch 
Intern Med 2006; 166: 1863-1870.

[7] Lange C, Chesov D, Heyckendorf J, Leung CC, 
Udwadia Z and Dheda K. Drug-resistant tuber-
culosis: an update on disease burden, diagno-
sis and treatment. Respirology 2018; 23: 656-
673.

[8] van Cutsem G, Isaakidis P, Farley J, Nardell E, 
Volchenkov G and Cox H. Infection control for 
drug-resistant tuberculosis: early diagnosis 
and treatment is the key. Clin Infect Dis 2016; 
62 Suppl 3: S238-243.

[9] Atre S. An urgent need for building technical 
capacity for rapid diagnosis of multidrug-resis-
tant tuberculosis (MDR-TB) among new cases: 
a case report from Maharashtra, India. J Infect 
Public Health 2015; 8: 502-505.

[10] Li Y, Wang F, Wu L, Zhu M, He G, Chen X, Sun F, 
Liu Q, Wang X and Zhang W. Cycloserine for 

mailto:fanxazbzdv689@163.com
mailto:fanxazbzdv689@163.com


Curative effect of cycloserine on multi-drug resistant pulmonary tuberculosis

520 Int J Clin Exp Med 2021;14(1):512-520

treatment of multidrug-resistant tuberculosis: 
a retrospective cohort study in China. Infect 
Drug Resist 2019; 12: 721-731.

[11] Yu X, Zeng X, Shi W, Hu Y, Nie W, Chu N and 
Huang H. Validation of cycloserine efficacy in 
treatment of multidrug-resistant and exten-
sively drug-resistant tuberculosis in Beijing, 
China. Antimicrob Agents Chemother 2018; 
62: e01824-17.

[12] Drusano GL, Myrick J, Maynard M, Nole J, Dun-
canson B, Brown D, Schmidt S, Neely M, Scan-
ga CA, Peloquin C and Louie A. Linezolid kills 
acid-phase and nonreplicative-persister-phase 
mycobacterium tuberculosis in a hollow-fiber 
infection model. Antimicrob Agents Chemother 
2018; 62: e00221-18.

[13] Srivastava A, Kshetrimayum S, Gupta SK and 
Kant S. Linezolid-induced optic neuropathy in 
XDR pulmonary TB: a case series. Indian J Tu-
berc 2017; 64: 129-133.

[14] Lee S, Kang BH, Ryu WY, Um SJ, Roh MS and 
Son C. Is severe and long-lasting linezolid-in-
duced optic neuropathy reversible? Intern Med 
2018; 57: 3611-3613.

[15] Bobylev I, Maru H, Joshi AR and Lehmann HC. 
Toxicity to sensory neurons and Schwann cells 
in experimental linezolid-induced peripheral 
neuropathy. J Antimicrob Chemother 2016; 71: 
685-691.

[16] Denkinger CM, Schumacher SG, Boehme CC, 
Dendukuri N, Pai M and Steingart KR. Xpert 
MTB/RIF assay for the diagnosis of extrapul-
monary tuberculosis: a systematic review and 
meta-analysis. Eur Respir J 2014; 44: 435-
446.

[17] Jeon D. WHO treatment guidelines for drug-re-
sistant tuberculosis, 2016 update: applicabili-
ty in South Korea. Tuberc Respir Dis (Seoul) 
2017; 80: 336-343.

[18] Amorim Franco TM, Favrot L, Vergnolle O and 
Blanchard JS. Mechanism-based inhibition of 
the mycobacterium tuberculosis branched-
chain aminotransferase by d- and l-cycloser-
ine. ACS Chem Biol 2017; 12: 1235-1244.

[19] Zhang X, Falagas ME, Vardakas KZ, Wang R, 
Qin R, Wang J and Liu Y. Systematic review and 
meta-analysis of the efficacy and safety of 
therapy with linezolid containing regimens in 
the treatment of multidrug-resistant and ex-
tensively drug-resistant tuberculosis. J Thorac 
Dis 2015; 7: 603-615.

[20] Shibabaw A, Gelaw B, Wang SH and Tessema 
B. Time to sputum smear and culture conver-
sions in multidrug resistant tuberculosis at 
University of Gondar Hospital, Northwest Ethio-
pia. PLoS One 2018; 13: e0198080.

[21] Kwak N, Kim HR, Yoo CG, Kim YW, Han SK and 
Yim JJ. Multidrug-resistant tuberculosis over 
20 years at a referral hospital in South Korea: 
trends and outcomes. Int J Tuberc Lung Dis 
2019; 23: 174-180.

[22] Si M, Li H, Chen Y and Peng H. Ethambutol and 
isoniazid induced severe neurotoxicity in a pa-
tient undergoing continuous ambulatory peri-
toneal dialysis. BMJ Case Rep 2018; 2018: 
bcr2017223187.

[23] Sasaki Y, Yoshiyama T, Okumura M, Morimoto 
K, Miyamoto M, Irina, Yoshimori K, Kurashima 
A, Ogata H and Gotoh H. The frequencies and 
management of adverse reactions in multi-
drug resistant tuberculosis treatment. Kek-
kaku 2017; 92: 11-19.

[24] Gebreegziabher SB, Bjune GA and Yimer SA. 
Total delay is associated with unfavorable 
treatment outcome among pulmonary tuber-
culosis patients in West Gojjam Zone, North-
west Ethiopia: a prospective cohort study. 
PLoS One 2016; 11: e0159579.

[25] Silva CAM, Graham B, Webb K, Ashton LV, Har-
ton M, Luetkemeyer AF, Bokatzian S, Al-
mubarak R, Mahapatra S, Hovind L, Kendall 
MA, Havlir D, Belisle JT and De Groote MA. A 
pilot metabolomics study of tuberculosis im-
mune reconstitution inflammatory syndrome. 
Int J Infect Dis 2019; 84: 30-38.

[26] Wassermann R, Gulen MF, Sala C, Perin SG, 
Lou Y, Rybniker J, Schmid-Burgk JL, Schmidt  
T, Hornung V, Cole ST and Ablasser A. Myco-
bacterium tuberculosis differentially activates 
cGAS- and inflammasome-dependent intracel-
lular immune responses through ESX-1. Cell 
Host Microbe 2015; 17: 799-810.

[27] Sia JK, Georgieva M and Rengarajan J. Innate 
immune defenses in human tuberculosis: an 
overview of the interactions between mycobac-
terium tuberculosis and innate immune cells. J 
Immunol Res 2015; 2015: 747543.


