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Abstract: Objective: The objective of this study was to investigate drug resistance in diabetic patients with pulmo-
nary tuberculosis (TB) and to monitor cultivation of Mycobacterium tuberculosis L-form. Methods: Retrospective 
analysis was conducted in 62 sputum-positive TB patients complicated with diabetes and 89 non-diabetic TB pa-
tients. Bronchoalveolar lavage fluids of patients were inoculated on two Lowenstein-Jensen mediums for bacterial 
susceptibility testing, including rifampicin (RFP), isoniazid (INH), streptomycin (SM), para-amino salicylate (PAS), 
ofloxacin (OFX), propionyl isobutylamine (PTO), and ethambutol (EMB). Smear testing was carried out for all patients. 
Results: In the study group, a total of 46 cases with sputum smears were positive for acid-fast bacilli, accounting 
for 74.19% of the total number of patients. This was higher (P<0.05) than the control group (26.97%). Total drug 
resistance rates in the study group were significantly higher than the control group (P=0.02). Single drug resistance 
in the study group was significantly less than the control group (P<0.05). Of the 62 study subjects, 46.77% were 
positive for Mycobacterium tuberculosis L-form, 25.81% (16 cases) were negative for all three tests, and 17.74% 
(11 cases) were positive for all three tests. Conclusion: Drug resistance in diabetic patients with pulmonary TB was 
significantly greater than patients with simple pulmonary TB. MTB-L should be more strictly tested in determining 
bacteriological evidence for curing TB. 

Keywords: Diabetes, tuberculosis, drug resistance, Mycobacterium tuberculosis L-form

Introduction

Diabetes is the most common chronic disease 
in the world and often occurs in middle-aged 
and elderly populations [1]. Since the beginning 
of 19th century, the incidence of diabetes has 
remained high. With the development of soci-
ety and improvement in living standards in 
recent years, the incidence of diabetes has 
increased year by year [2, 3]. According to 
Zinman et al. [4], the global population with dia-
betes exceeded 400 million in 2015. China 
ranks the highest in the world in terms of the 
number of patients. Treatment of diabetes has 
encountered great difficulty and there has been 
a constant search for means of effectively pre-
venting and treating diabetes. However, no sig-
nificant breakthroughs have been made [5]. 

Diabetes leads to various complications, inclu- 
ding cardio-cerebrovascular disease, nervous 

system disease, and nephropathy. If the dis-
ease is not treated in time, it can directly lead  
to malignant tumor disease [6]. Diabetic pa- 
tients are prone to a variety of infections. The 
most common is tuberculosis [7]. According to 
Ronacher et al. [8], about 26.75% of diabetic 
patients have tuberculosis and risk of tubercu-
losis infection increases with age. Existence of 
diabetes accelerates progression of pulmonary 
tuberculosis, making it more likely to deterio-
rate into lung cancer disease. Similarly, tuber-
culosis worsens drug resistance in patients 
with diabetes and increases difficulty in treat-
ment [9]. Treatment of coinfection with both 
diseases has become a hot research topic in 
clinical practice. With continuous advancement 
in research, many studies at home and abroad 
[10-12] have proven that the causative patho-
gen of pulmonary tuberculosis in diabetic pa- 
tients was Mycobacterium tuberculosis L-form 
(MTB-L). 
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This present study was conducted to provide 
effective reference and guidance for preven- 
tion and treatment of patients with both diabe-
tes mellitus and pulmonary tuberculosis th- 
rough analyzing drug resistance and monitor- 
ing MTB-L of these patients. 

Methods

Study design

This retrospective analysis was conducted 
among patients admitted to the Tuberculosis 
Prevention and Treatment Center of Binzhou 
Central Hospital. The study group consisted of 
62 cases with both diabetes and sputum posi-
tive tuberculosis. Patients were aged 35-60 
years old with a mean age of 46.87±11.53 
years. Of the total 62 cases, 41 were male and 
21 were female. In addition, 89 patients with 
non-diabetic pulmonary tuberculosis, admitted 
at the same time, were selected as controls, 
including 56 males and 33 females, aged 
35-60 years old with a mean age of 47.63±9.81 
years. 

Inclusion and exclusion criteria

Diabetes was diagnosed in strict accordance 
with the Standards of Medical Care in Dia- 
betes-2014 [13]. In addition, pulmonary tuber-
culosis was diagnosed in strict accordance  
with the Standards of Medical Care in TB- 
2012 [14]. Sputum cultivation for MTB-L was 
performed by the Chief Physician in the La- 
boratory of Microbiology. Complete medical his-
tories were obtained from all patients. Patients 
complied with the arrangement of our medical 
professionals. Exclusion criteria: concomitant 
cardio-cerebral vascular disease, combined 
respiratory tract infections, combined diges- 
tive tract infections, combined neoplasms, 
combined autoimmune related diseases, and 
malignant histiocytosis. Other exclusion crite- 
ria included administration of other immuno-
logical drugs before treatment, experience with 

chemotherapy, pregnancy, physical disability, 
family history of genetic disease, hospital tr- 
ansfer midway, and being bedridden. 

All included patients completed the acid-fast 
bacilli sputum smear, sputum cultivation, and 
bacterial susceptibility testing and signed in- 
formed consent.

Laboratory tests

All procedures were performed in strict adher-
ence to 2014 Guidelines on Bacterial Culture 
for the Diagnosis of Tuberculosis [15]. Bron- 
choalveolar lavage fluid was treated with 4% 
sodium hydroxide (NaOH), inoculated onto two 
Lowenstein-Jensen mediums, and incubated  
in an incubator (37°C) for 24 hours for bacte- 
rial susceptibility testing, including rifampicin 
(RFP), isoniazid (INH), streptomycin (SM), para-
aminosalicylate (PAS), ofloxacin (OFX), propio-
nyl isobutylamine (PTO), and ethambutol (EMB). 
Sputum samples were stained for detection  
of acid-fast bacilli and viewed by fluorescent 
microscopy. Smear testing under a microscope 
was carried out and the Lowenstein-Jensen 
medium and trypticase soy agar (TSA-L) and 
Roche medium were used for cultivation.

Determination criteria 

For positive/negative grading criteria for mic- 
roscopy of MTB-L, please refer to the study per-
formed by Skrahin et al. [16] (Table 1). Positive 
TSA-L medium culture was adopted as the final 
determination criteria. Resistance to one anti-
tuberculosis drug was regarded as single drug 
resistance. Resistance to one or more anti-
tuberculosis drugs, other than INH or RFP,  
was designated as multi-drug resistance. Resi- 
stance to both INH and RFP was regarded  
as multidrug resistant tuberculosis (MDR-TB). 
Simultaneous resistance to INH, RFP, and fluo-
roquinolones was regarded as extensively drug 
resistant tuberculosis (XDR-TB).

Statistical analysis

SPSS 22.0 statistical software was used to 
analyze and process data. Categorical data, 
such as drug resistance and sputum smear 
results, are expressed in the form of rates.  
Chi-square tests were used for comparison be- 
tween groups. Continuous data, such as pati- 
ent age, are presented as mean ± standard 

Table 1. MTB-L classification criteria
Grading Judgment standard
- (Negative) 0 bacteria/50 views
± (False positive) 1~3 bacteria/50 views
+ (Positive) 10~99 bacteria/50 views
++ (Strong positive) ≥100 bacteria/50 views
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Table 2. Comparison of clinical data between the two groups of 
patients [n (%)]

Research group 
(n=62)

Control group 
(n=89) X2 or t P

Age (year) 46.87±11.53 47.63±9.81 0.44 0.66
Body weight (KG) 83.24±12.83 79.68±14.57 1.55 0.12
Disease course (weed) 5.29±2.87 5.86±3.04 1.16 0.25
Gender 0.16 0.69
    Male 41 (66.13) 56 (62.92)
    Female 21 (33.87) 33 (37.08)
Living Environment 0.09 0.77
    City 54 (87.10) 76 (85.39)
    Countryside 8 (12.90) 13 (14.61)
Smoking 0.35 0.55
    Yes 55 (88.71) 76 (85.39)
    No 7 (11.29) 13 (14.61)

deviation and t-tests were used to compare 
means between groups. P<0.05 indicated a 
statistically significant difference.

Results

General data comparison

No significant differences in age, weight, cour- 
se of disease, gender, living environment, and 
smoking status between the two groups of 
patients were observed (P>0.05), proving that 
the two groups were comparable (Table 2). 

Results of sputum smear for acid-fast bacilli 

In the study group, a total of 46 cases (74.19%) 
with a sputum smear were found to be acid-fast 
bacilli positive. Sixteen cases in the study group 
(35.8%) with a sputum smear were shown to  
be acid-fast bacilli negative. Twenty-four cases 
in the control group (26.97%) had a sputum 
smear that was acid-fast bacilli positive while 
65 cases (73.03%) had a sputum smear that 
was acid-fast bacilli negative. Patients present-
ing with positive acid-fast bacilli sputum were 
significantly higher than the control group 
(P<0.01) (Table 3). 

control group (P=0.02). In terms of types of 
drug resistance, the study group had the high-
est occurrence of XDR-TB, followed by MDR-TB, 
while the control group had the highest occur-
rence of single drug resistance, followed by 
MDR-TB. No significant differences were found 
in MDR-TB between the study and control 
groups (P>0.05), but the proportion of XDR-TB 
and multidrug resistance in the study group 
was significantly higher than the control group 
(all P<0.05). Single drug resistance was signifi-
cantly lower in the study group than the control 
group (P<0.05) (Table 4 and Figure 1). 

Results of MTB-L infection 

Further, MTB-L infection was tested. MTB-L can 
be diagnosed in an accurate and reliable way 
as the 20% serum added to the culture medi- 
um provided necessary L-type bacteria growth 
substances. Within the 62 patients, 46.77% 
were positive for MTB-L, including 17.74% (11 
cases) positive for all three tests, while 25.81% 
(16 cases) were negative for three tests. There 
were 14.52% patients in this experiment with 
false positives for MTB-L (sputum smear and 
roche medium results were positive, while 
TSA-L was negative) (Table 5). 

Table 3. Antibacterial sputum smear results from sputum [n (%)]
Research 

group (n=62)
Control 

group (n=89) X2 P

Acid-fast bacillus smear positive 46 (74.19) 24 (26.97) 32.17 <0.01
Acid-fast bacillus smear negative 16 (25.81) 65 (73.03)

Bacterial susceptibility 
testing

In the study group, 41 cases 
developed drug resistance, 
accounting for 66.13% of 
the total. Of these, 9.68%  
(6 cases) were single drug 
resistant, 12.90% (8 cases) 
were multidrug resistant, 
17.74% (11 cases) were 
MDR-TB, and 25.81% (16 
cases) were XDR-TB. In the 
control group, 42 cases dis-
played drug resistance, ac- 
counting for 47.19% of total 
controls. Of these, 22.47% 
(20 cases) were single drug 
resistant, 4.49% (4 cases) 
were multidrug resistant, 
17.98% (16 cases) were 
MDR-TB, and 2.25% (2 ca- 
ses) were XDR-TB. The total 
proportion of drug resistan- 
ce was significantly higher 
in the study group than the 
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Table 4. Drug sensitivity test results in the two groups [n (%)]
Research 

group (n=62)
Control 

group (n=89) X2 P

Single drug resistance 6 (9.68) 20 (22.47) 5.21 0.02
Multiple drug resistance 8 (12.90) 4 (4.49) 4.32 0.03
MDR-TB 11 (17.74) 16 (17.98) 0.20 0.67
XDR-TB 16 (25.81) 2 (2.25) 8.23 0.01
Total (%) 66.13 47.19 5.30 0.02

Discussion 

The most common complication of diabetes is 
damage to the immune system, leading to 
reduced immune function. This reduced im- 
mune function can greatly increase the risk of 
MTB infection and occurrence of tuberculosis 

[17]. With a rising incidence of tuberculosis in 
recent years, MTB-L’s impact on tuberculosis 
and the relationship between the two have 
been increasingly valued by clinicians. With fur-
ther research, there are already many relevant 
documents [18, 19], at home and abroad, prov-
ing that not only does MTB-L impact occurrence 
of tuberculosis, but it is of potential significance 
to lung cancer, malignant lymphoma, prostate 
cancer, and other diseases. With an increase in 
drug resistance categories in recent years, the 

ly difficult. It is much worse in diabetic patients 
with pulmonary tuberculosis. The most com-
monly used method for treatment of tuberculo-
sis in clinical practice is chemotherapy [21]. 
However, during the course of chemotherapy, 
patients will generate tremendous drug resis-
tance to isoniazid plus rifampin, directly affect-
ing the prognosis of patients. Therefore, study-
ing drug resistance in diabetic patients with 
pulmonary tuberculosis has always been an 
important topic. This study aimed to analyze 
drug resistance characteristics of patients with 
both diabetes mellitus and pulmonary tubercu-
losis, aiming to provide reference and guidance 
for prevention and treatment through drug sus-
ceptibility testing and monitoring of cultivation 
results of MTB-L in patients with diabetes mel-
litus complicated with pulmonary tuberculosis. 

Results of this study revealed that patients with 
diabetes mellitus complicated with pulmonary 
tuberculosis were more resistant to XDR-TB 
than those with simple pulmonary tuberculosis, 
while single-drug resistance was less than that 
of patients with pure tuberculosis. MDR-TB 
showed no significant differences, consistent 
with the findings of Parida et al. [22]. However, 
Pérez-Navarro et al. [23] demonstrated that 
there was a difference in drug resistance be- 
tween diabetes mellitus patients with pulmo-
nary tuberculosis and those with simple tuber-
culosis, but there was no significant differenc- 
es between single drug resistance, XDR-TB, 
and MDR-TB. The reason for this may be that 
Pérez-Navarro et al. failed to exclude patients 
that had undergone prior immunological drug 
administration, as chemotherapy and tubercu-
losis chemotherapy will greatly increase drug 
resistance in patients and can consequently 
cause discrepancies in experimental results. 
This experiment was carried out based on st- 
rict selection of subjects, following inclusion 
and exclusion criteria to ensure maximum strin-
gency and accuracy of the experiment. In the 

Figure 1. Drug sensitivity test results. XDR-TB was 
highest in the study group, followed by MDR-TB, 
while single-drug resistance was dominant in the 
control group, followed by MDR-TB. The study group’s 
XDR-TB and multi-drug resistance was significantly 
more than the control group, while single drug resis-
tance was significantly less than the control group, 
*P<0.05.

positive rate of MTB-L has remained 
high. Results of VanderVen et al. 
[20] demonstrated that patients 
diagnosed with MTB-L-positive pul-
monary tuberculosis are much more 
difficult to treat than patients with 
MTB-L negative TB, suggesting that 
MTB-L may affect treatment of 
tuberculosis. At present, treatment 
of chronic disease remains extreme-
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Table 5. L-type culture
Training situation n (%)
Smear (-) Roche medium (-) TSA-L (-) 16 (25.81)
Smear (-) Roche medium (-) TSA-L (+) 11 (17.74)
Smear (-) Roche medium (+) TSA-L (-) 2 (3.23)
Smear (-) Roche medium (+) TSA-L (+) 7 (11.29)
Smear (+) Roche medium (+) TSA-L (-) 9 (14.52)
Smear (+) Roche medium (+) TSA-L (+) 11 (17.74)
Smear (+) Roche medium (-) TSA-L (-) 6 (9.68)
L-type bacteria positive (%) 46.77

present study, patients in the research group 
with negative MTB-L sputum smears account-
ed for 25.81%. MTB-L is a variant of Mycoba- 
cterium tuberculosis caused by immunodefi-
ciency or improper treatment with mycelium 
that results in morphologic changes and seri-
ous deficiencies in cell walls [24]. Therefore, 
failure to detect MTB-L with acid-fast staining 
may be due to its morphological differences 
with the original bacteria, which may easily be 
confused with another bacterium. Culturing of 
L-type bacteria requires a hypertonic, low-agar, 
and serum-containing environment [25]. The 
agar content in traditional culture medium was 
1.5%~2.0% and L-type bacteria failed to pene-
trate and grow on its surface, resulting in fail-
ure of cultivation. TSA-L medium reduced the 
density of agar to 0.8%~1.0%, which ensured 
the growth of L-type bacteria. Additionally, the 
20% serum added to the culture medium pro-
vided necessary L-type bacteria growth sub-
stances so that MTB-L could be diagnosed in 
the most accurate and reliable way. However, 
there were still 14.52% patients in this experi-
ment with false positives for MTB-L (sputum 
smear and Roche medium results were posi-
tive, while TSA-L was negative). This may have 
been due to failure to exclude infections caus- 
ed by mistakes or by errors in experimental 
operations. 

This present study compared drug susceptibili-
ty testing in patients with both diabetes melli-
tus complicated with pulmonary tuberculosis 
and patients with simple tuberculosis. This 
study cultured MTB-L in diabetic patients with 
pulmonary tuberculosis. However, there were 
still deficiencies in the experiment due to limi- 
tations with experimental conditions. For ex- 
ample, the study population was quite small 
and was examined for a relatively short am- 
ount of time. Subjects of this study should have 
been investigated for a longer period of time to 

Disclosure of conflict of interest

None.

Address correspondence to: Jianying Zhang, De- 
partment of No. 4 Tuberculosis, Tuberculosis Pre- 
vention and Treatment Center of Binzhou Central 
Hospital, No. 108, Huancheng SR, Huimin Country, 
Binzhou 256600, Shandong, China. Tel: +86-0543-
5321520; E-mail: Jianyingzhang1972@163.com

References 

[1]	 Association AD. Standards of medical care in 
diabetes-2015 abridged for primary care pro-
viders. Clin Diabetes 2015; 33: 97.

[2]	 Inzucchi SE, Bergenstal RM, Buse JB, Diamant 
M, Ferrannini E, Nauck M, Peters AL, Tsapas A, 
Wender R and Matthews DR. Management of 
hyperglycemia in type 2 diabetes, 2015: a pa-
tient-centered approach: update to a position 
statement of the American diabetes associa-
tion and the European association for the 
study of diabetes. Diabetes Care 2015; 38: 
140-149.

[3]	 Association AD. 2. Classification and diagnosis 
of diabetes. Diabetes Care 2016; 39: S13-
S22.

[4]	 Zinman B, Wanner C, Lachin JM, Fitchett D, 
Bluhmki E, Hantel S, Mattheus M, Devins T, Jo-
hansen OE and Woerle HJ, Broedl UC, Inzucchi 
SE; EMPA-REG OUTCOME Investigators. Empa-
gliflozin, cardiovascular outcomes, and mortal-
ity in type 2 diabetes. N Engl J Med 2015; 373: 
2117-2128.

[5]	 Carlsson PO, Schwarcz E, Korsgren O and Le 
Blanc K. Preserved β-cell function in type 1 di-
abetes by mesenchymal stromal cells. Diabe-
tes 2015; 64: 587-592.

[6]	 Association AD. Standards of medical care in 
diabetes-2016 abridged for primary care pro-
viders. Clin Diabetes 2016; 34: 3.

[7]	 Kumar NP, Banurekha VV, Nair D, Kumaran P, 
Dolla CK and Babu S. Type 2 diabetes–Tuber-
culosis co-morbidity is associated with dimin-

achieve the best experimental re- 
sults.

In summary, drug resistance in 
diabetic patients with pulmonary 
tuberculosis is significantly higher 
than that of patients with just 
tuberculosis. Occurrence of MTB- 
L should be more strictly exam-
ined in determining criteria for 
treatment of bacteriological tuber- 
culosis.



Investigation of drug resistance in diabetic patients with pulmonary tuberculosis (TB)

7744	 Int J Clin Exp Med 2019;12(6):7739-7745

ished circulating levels of IL-20 subfamily of 
cytokines. Tuberculosis 2015; 95: 707-712.

[8]	 Ronacher K, Joosten SA, Crevel R, Dockrell 
HM, Walzl G and Ottenhoff TH. Acquired immu-
nodeficiencies and tuberculosis: focus on HIV/
AIDS and diabetes mellitus. Immunol Rev 
2015; 264: 121-137.

[9]	 Chiang CY, Bai KJ, Lin HH, Chien ST, Lee JJ, 
Enarson DA, Lee TI and Yu MC. The influence of 
diabetes, glycemic control, and diabetes-relat-
ed comorbidities on pulmonary tuberculosis. 
PLoS One 2015; 10: e0121698.

[10]	 Getahun H, Matteelli A, Abubakar I, Aziz MA, 
Baddeley A, Barreira D, Den Boon S, Borroto 
Gutierrez SM, Bruchfeld J, Burhan E, Caval-
cante S, Cedillos R, Chaisson R, Chee CB, Che-
sire L, Corbett E, Dara M, Denholm J, de Vries 
G, Falzon D, Ford N, Gale-Rowe M, Gilpin C, Gi-
rardi E, Go UY, Govindasamy D, D Grant A, Gr-
zemska M, Harris R, Horsburgh CR Jr, Ismayilov 
A, Jaramillo E, Kik S, Kranzer K, Lienhardt C, 
LoBue P, Lönnroth K, Marks G, Menzies D, Mi-
gliori GB, Mosca D, Mukadi YD, Mwinga A, Nel-
son L, Nishikiori N, Oordt-Speets A, Rangaka 
MX, Reis A, Rotz L, Sandgren A, Sañé Schepisi 
M, Schünemann HJ, Sharma SK, Sotgiu G, 
Stagg HR, Sterling TR, Tayeb T, Uplekar M, van 
der Werf MJ, Vandevelde W, van Kessel F, van’t 
Hoog A, Varma JK, Vezhnina N, Voniatis C, 
Vonk Noordegraaf-Schouten M, Weil D, Weyer 
K, Wilkinson RJ, Yoshiyama T, Zellweger JP, 
Raviglione M. Management of latent mycobac-
terium tuberculosis infection: WHO guidelines 
for low tuberculosis burden countries. Eur 
Respir J 2015; 46: 1563-76.

[11]	 Watson RO, Bell SL, MacDuff DA, Kimmey JM, 
Diner EJ, Olivas J, Vance RE, Stallings CL, Virgin 
HW and Cox JS. The cytosolic sensor cGAS de-
tects Mycobacterium tuberculosis DNA to in-
duce type I interferons and activate autophagy. 
Cell Host Microbe 2015; 17: 811-819.

[12]	 Merker M, Blin C, Mona S, Duforet-Frebourg N, 
Lecher S, Willery E, Blum MG, Rüsch-Gerdes S, 
Mokrousov I, Aleksic E, Allix-Béguec C, Antie-
rens A, Augustynowicz-Kopeć E, Ballif M, Bar-
letta F, Beck HP, Barry CE 3rd, Bonnet M, Bor-
roni E, Campos-Herrero I, Cirillo D, Cox H, 
Crowe S, Crudu V, Diel R, Drobniewski F, Fau-
ville-Dufaux M, Gagneux S, Ghebremichael S, 
Hanekom M, Hoffner S, Jiao WW, Kalon S, Kohl 
TA, Kontsevaya I, Lillebæk T, Maeda S, Niko-
layevskyy V, Rasmussen M, Rastogi N, Samper 
S, Sanchez-Padilla E, Savic B, Shamputa IC, 
Shen A, Sng LH, Stakenas P, Toit K, Varaine F, 
Vukovic D, Wahl C, Warren R, Supply P, Nie-
mann S, Wirth T. Evolutionary history and glob-
al spread of the mycobacterium tuberculosis 
Beijing lineage. Nat Genet 2015; 47: 242.

[13]	 Dabelea D, Rewers A, Stafford JM, Standiford 
DA, Lawrence JM, Saydah S, Imperatore G, 
D’Agostino RB Jr, Mayer-Davis EJ, Pihoker C; 
SEARCH for Diabetes in Youth Study Group. 
Trends in the prevalence of ketoacidosis at dia-
betes diagnosis: the SEARCH for diabetes in 
youth study. Pediatrics 2014; 133: e938-
e945.

[14]	 Menzies NA, Cohen T, Lin HH, Murray M and 
Salomon JA. Population health impact and 
cost-effectiveness of tuberculosis diagnosis 
with Xpert MTB/RIF: a dynamic simulation and 
economic evaluation. PLoS Med 2012; 9: 
e1001347.

[15]	 Fan L, Zhang Q, Cheng L, Liu Z, Ji X, Cui Z, Ju J 
and Xiao H. Clinical diagnostic performance of 
the simultaneous amplification and testing 
methods for detection of the mycobacterium 
tuberculosis complex for smear-negative or 
sputum-scarce pulmonary tuberculosis in Chi-
na. Chin Med J (Engl) 2014; 127: 1863-1867.

[16]	 Skrahin A, Ahmed RK, Ferrara G, Rane L, Poiret 
T, Isaikina Y, Skrahina A, Zumla A and Maeurer 
MJ. Autologous mesenchymal stromal cell infu-
sion as adjunct treatment in patients with mul-
tidrug and extensively drug-resistant tubercu-
losis: an open-label phase 1 safety trial. Lancet 
Respir Med 2014; 2: 108-122.

[17]	 Collins AC, Cai H, Li T, Franco LH, Li XD, Nair 
VR, Scharn CR, Stamm CE, Levine B and Chen 
ZJ. Cyclic GMP-AMP synthase is an innate im-
mune DNA sensor for Mycobacterium tubercu-
losis. Cell Host Microbe 2015; 17: 820-828.

[18]	 Wassermann R, Gulen MF, Sala C, Perin SG, 
Lou Y, Rybniker J, Schmid-Burgk JL, Schmidt T, 
Hornung V and Cole ST. Mycobacterium tuber-
culosis differentially activates cGAS-and in-
flammasome-dependent intracellular immune 
responses through ESX-1. Cell Host Microbe 
2015; 17: 799-810.

[19]	 Jasenosky LD, Scriba TJ, Hanekom WA and 
Goldfeld AE. T cells and adaptive immunity to 
Mycobacterium tuberculosis in humans. Im-
munol Rev 2015; 264: 74-87.

[20]	 VanderVen BC, Fahey RJ, Lee W, Liu Y, Abramo-
vitch RB, Memmott C, Crowe AM, Eltis LD, 
Perola E and Deininger DD. Novel inhibitors of 
cholesterol degradation in Mycobacterium tu-
berculosis reveal how the bacterium’s metabo-
lism is constrained by the intracellular environ-
ment. PLoS Pathog 2015; 11: e1004679.

[21]	 Yang JC, Wu YL, Schuler M, Sebastian M, Popat 
S, Yamamoto N, Zhou C, Hu CP, O’Byrne K, 
Feng J, Lu S, Huang Y, Geater SL, Lee KY, Tsai 
CM, Gorbunova V, Hirsh V, Bennouna J, Orlov S, 
Mok T, Boyer M, Su WC, Lee KH, Kato T, Massey 
D, Shahidi M, Zazulina V, Sequist LV. Afatinib 
versus cisplatin-based chemotherapy for EGFR 
mutation-positive lung adenocarcinoma (LUX-



Investigation of drug resistance in diabetic patients with pulmonary tuberculosis (TB)

7745	 Int J Clin Exp Med 2019;12(6):7739-7745

Lung 3 and LUX-Lung 6): analysis of overall 
survival data from two randomised, phase 3 
trials. Lancet Oncol 2015; 16: 141-151.

[22]	 Parida S, Axelsson-Robertson R, Rao M, Singh 
N, Master I, Lutckii A, Keshavjee S, Andersson 
J, Zumla A and Maeurer M. Totally drug-resis-
tant tuberculosis and adjunct therapies. J In-
tern Med 2015; 277: 388-405.

[23]	 Pérez-Navarro LM, Fuentes-Domínguez FJ and 
Zenteno-Cuevas R. Type 2 diabetes mellitus 
and its influence in the development of multi-
drug resistance tuberculosis in patients from 
southeastern Mexico. J Diabetes Complica-
tions 2015; 29: 77-82.

[24]	 Cohen KA, Abeel T, McGuire AM, Desjardins 
CA, Munsamy V, Shea TP, Walker BJ, Bantubani 
N, Almeida DV and Alvarado L. Evolution of ex-
tensively drug-resistant tuberculosis over four 
decades: whole genome sequencing and dat-
ing analysis of mycobacterium tuberculosis 
isolates from KwaZulu-Natal. PLoS Med 2015; 
12: e1001880.

[25]	 Simeone R, Sayes F, Song O, Gröschel MI, Bro-
din P, Brosch R and Majlessi L. Cytosolic ac-
cess of mycobacterium tuberculosis: critical 
impact of phagosomal acidification control and 
demonstration of occurrence in vivo. PLoS Pat-
hog 2015; 11: e1004650.


