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Background: China is facing a great challenge of pulmonary nontuberculous mycobacteria

(NTM) infections. This primary objective of this study was to assess the prevalence of NTM

isolates among patients with presumptive TB in Fujian.

Methods: The mycobacterial isolates were collected from the tuberculosis survey from

Fujian Province conducted between July 1, 2010 and June 30, 2011.

Results: From July 1, 2010 to June 30, 2011, 1425 isolates were included in the final

analysis, of which 60 (4.2%) were identified as NTM species. M. intracellulare was the most

frequently isolated NTM in Fujian, accounting for 68.3% of all NTM isolates. Compared

with patients aged <45 years, patients aged 45–59 were more likely to have NTM infections.

The education level of patients had an impact on the distribution of NTM infections. Illiterate

patients had significantly higher odds of having NTM compared to literate patients. Patients

with a previous TB episode had higher NTM risk as compared to those without previous TB

episodes.

Conclusion: In conclusion, the predominant NTM is M. intracellulare among patients with

presumptive TB in Fujian. In addition, elderly patients, those with a previous TB episode and

illiterate patients have higher NTM risk.
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Introduction
Although tuberculosis (MTB) remains a major public health concern worldwide,1 the

increasing incidence of nontuberculous mycobacteria (NTM) calls for considerably more

attention for environmental opportunistic pathogens.2 Evidence collected over the past

decades has confirmed that the NTMare normal inhabitants of a variety of environmental

habits, including soil and water sources.3,4 The living habit overlap between NTM and

humans, therefore, becomes a major determinant in the acquisition of the disease. NTM

can affect multiple organs of the human body, whereas they primarily affect the lungs.5

Pulmonary diseases due to NTM infections frequently occur in individuals with chronic

airway diseases, relative immunodeficiency and advanced age.6

Unlike tuberculosis, the evidence of a person-to-person transmission of NTM is

still controversial.7,8 These environmental microorganisms are more likely to be

transmitted to humans from nonbiological exposures.7 As a consequence, the

geographic diversity of NTM species in the environmental niche has a profound

impact on the NTM prevalence of pulmonary NTM diseases.2,9 Previous reports

have demonstrated that Mycobacterium avium complex (MAC) was the most
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frequently isolated species in Australia, Southern Africa,

South America and Eastern Asian,2,10 whilst M. kansasii

was the most frequently encountered species in Europe.2

The changing frequency of NTM species and their differ-

ent susceptibility profiles make it difficult to formulate

appropriate treatment without the results of species identi-

fication and drug susceptibility testing. Therefore, there is

an urgent need to investigate the distributions of NTM

species by regions, which will provide important hints

for the clinical management of patients affected by NTM.

Although great progress has been achieved in TB con-

trol, China is facing a great challenge of pulmonary NTM

infections.9,11 Recent national population-based data indi-

cate that the prevalence of NTM among all mycobacterial

isolates has increased from 11.1% to 22.9%.12 Notably,

NTM prevalence varies greatly across China, and eastern

and southern regions are considered as the “hotspots” of this

disease compared with elsewhere, reflecting the potential

more suitable environment for NTM habitation in these

regions.9 However, a few studies have reported the preva-

lence of NTM among these NTM-endemic settings,13––15

which are limited in scope and reflect the prevalence of

NTM only in one particular state or hospital. To address

this concern, we carried out this study on the basis of the

strains collected from a tuberculosis survey from Fujian

Province, located in the coastal region of southeast China.

This primary objective of this study was to assess the pre-

valence of NTM isolates among patients with presumptive

TB in Fujian. We also aimed to identify factors associated

with the isolation of NTM.

Methods
Ethics
The survey protocol was approved by the Ethical

Committee of the Fujian Province Center for Disease

Control (CDC). All human subjects were adults. Each

enrolled patient provided signed informed consent forms

prior to study enrolment.

Sampling Method
The Fujian CDC was responsible for the implementation

of this survey. The cluster-randomized sampling method

endorsed by the World Health Organization was used to

calculate the sample size of smear-positive patients with

presumptive TB.16 It was estimated that the required sam-

ple size of new smear-positive patients was 40 and that of

previously treated smear-positive patients was 20. Thirty

counties were randomly selected from the overall 80 coun-

ties. The smear-positive patients were consecutively

recruited in this study. Each enrolled patient was inter-

viewed by a survey administrator using the questionnaire,

which included demographic and clinical characteristics.

Laboratory Method
Three sputum samples (night, spot and morning) were

collected from each patient for smear microscopy, and

two sputum samples were used for mycobacterial culture.

The simple method was conducted to yield culture results

according to a previous report.17 Briefly, the specimens

were digested with an equal quantity of 4% NaOH for 15

mins. Then, 0.1 mL of the decontaminated specimen was

inoculated into the acidic Löwenstein–Jensen (L–J) med-

ium. The culture was observed weekly to record the

growth of mycobacteria and continued for 8 weeks before

they can be identified as negative. Positive cultures were

sent to the Fujian Province TB Reference Laboratory to

perform conventional drug susceptibility testing and bac-

terial species identification.

The proportional method on the L–J medium was used

to determine the drug susceptibility of positive cultures as

previously reported.16 The concentration of each drug

tested was as follows: 0.2 μg/mL for isoniazid, 40 μg/mL

for rifampin, 4 μg/mL for streptomycin, 2 μg/mL for

ethambutol, 30 μg/mL for kanamycin, and 2 μg/mL for

ofloxacin. In addition, mycobacterium species identifica-

tion was conducted by growth test on a medium containing

500 mg/mL of p-nitrobenzoic acid (PNB) and 5 mg/mL of

2-thiophenecarboxylic acid hydrazide (TCH), respectively.

The NTM isolates identified by the conventional

method were further identified in species level with multi-

ple target sequencing, including 16S rRNA, hsp65, rpoB,

and 16S-23S rRNA internal transcribed spacer (ITS)

sequence.12 The DNA sequences were aligned with the

homologous sequences of the reference mycobacteria

strains via multiple sequence alignments.

Statistical Analysis
All collected data were entered using Epi Data 3.02 soft-

ware (EpiData Association, Odense, Denmark). Two

operators entered the data separately to ensure accuracy.

Chi-square test was used for comparing the prevalence of

NTM among different regions. Factors associated with

NTM infections were analysed with univariate and multi-

variable logistic regression models. Multivariable models

were built by using forward stepwise logistic regression
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procedures (with inclusion if P<0.1). All statistical analy-

sis was performed using SPSS 17.0 software (SPSS Inc,

Chicago, USA). Differences were declared as significant if

the P value was less than 0.05.

Definitions
The definition of NTM infection met the criteria estab-

lished by the American Thoracic Society (ATS) in 2007,18

including chest radiograph and clinical symptoms sugges-

tive of pulmonary mycobacterial diseases, and isolation of

the same NTM species from two different sputum speci-

mens. The new pulmonary TB patient is defined as a

patient who has never received TB drugs or has received

them for less than 1 month. The previously treated pul-

monary TB patient is defined as a patient who has received

TB drugs for more than 1 month.16 Multidrug-resistant

tuberculosis was defined as tuberculosis with resistance

to both isoniazid and rifampin. Extensively drug-resistant

tuberculosis was defined as MDR-TB resistant with addi-

tional resistance to ofloxacin and kanamycin.

Results
Between July 1, 2010 and June 30, 2011, 1,579 smear-positive

TB patients were enrolled, including 1,223 new cases and 356

previously treated patients. Of these, 36 (2.3%) were excluded

for culture contamination, 61 (3.9%) were culture-negative, 30

(1.9%) were subculture failure, and 27 were missing informa-

tion in the questionnaire. Using the conventional biochemical

method, 60 (4.2%, 60/1425) isolates were primarily identified

as NTM species, and the other 1365 (95.8%, 1365/1425)

belonged to MTBC.

Incidence And Proportion Of Drug-

Resistant TB Cases
In this survey, the proportion of new and previously trea-

ted TB patients resistant to at least one of the first-line

drugs were 16.8% and 34.3%, respectively. SM resistance

was the most frequent drug resistance for new cases

(10.1%), whereas the highest proportion was noted in

RIF resistance for previously treated cases (24.2%). With

regard to MDR-TB, 3.2% of new TB patients and 15.9%

of previously treated TB patients were affected by MDR-

TB, respectively (Table 1). In addition, among those with

MDR-TB, only one previously treated case had XDR-

TB (0.4%).

Prevalence Of Nontuberculous

Mycobacteria
Among 1425 smear-positive cases, 60 (4.2%) were infected

with NTM. Molecular species identification revealed that 60

isolates belonged to six different NTM species. M. intracel-

lulare was the most frequently isolated NTM in Fujian,

Table 1 Resistance To First- And Second-Line Antituberculosis Drugs

Resistance New Cases (N=1088) Previously Treated Cases (N=277)

n (%) 95% CI n (%) 95% CI

Susceptibility to all four first-line drugsa 905(83.2) 81.0–85.4 182(65.7) 60.1–71.3

Any resistance to first-line drugs 183(16.8) 14.6–19.0 95(34.3) 28.7–39.9

Isoniazid (INH) 99(9.1) 7.4–10.8 60(21.7) 16.8–26.5

Rifampin (RMP) 51(4.7) 3.4–5.9 67(24.2) 19.1–29.2

Ethambutol (EMB) 66(6.1) 4.6–7.5 43(15.5) 11.3–19.8

Streptomycin (SM) 110(10.1) 8.3–11.9 47(17.0) 12.5–21.4

Resistance to INH or RMP 115(10.6) 8.7–12.4 83(30.0) 24.6–35.4

Multidrug resistance (MDR)b 35(3.2) 2.2–4.3 44(15.9) 11.6–20.2

Susceptibility to ofloxacin (OFX) and kanamycin (KM) 1011(92.9) 91.4–94.4 246(88.8) 85.1–92.5

Any resistance to OFX or KM 77(7.1) 5.6–8.6 31(11.2) 7.5–14.9

OFX resistance 43(4.0) 2.8–5.1 20(7.2) 4.2–10.3

KM resistance 36(3.3) 2.2–4.4 12(4.3) 1.9–6.7

MDR + resistance to OFX or KM 13(1.2) 0.5–1.8 13(4.7) 2.2–7.2

Extensive drug resistancec 0(0.0) 0.0–0.0 1(0.4) 0.0–1.1

Notes: aFirst-line antituberculosis drugs include isoniazid, rifampicin, ethambutol, and streptomycin; second-line antituberculosis drugs include ofloxacin and kanamycin.
bMultidrug resistance was defined as resistance to at least isoniazid and rifampicin. cExtensive drug resistance was defined as resistance to at least isoniazid, rifampicin,

ofloxacin, and kanamycin.
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accounting for 68.3% (41/60) of all NTM isolates. As the

second prevalent species, 6 isolates (6/60, 10.0%) were iden-

tified as M. abscessus, followed by M. avium (4/60, 6.7%),

M. kansasii (4/60, 6.7%),M.massiliense (3/60, 5.0%) andM.

fortuitum (2/60, 3.3%) (Figure 1).

Risk Factors Associated With NTM

Infections
Tables 2 and 3 summarize patient characteristics of pul-

monary NTM patients compared with those of pulmonary

TB. The distribution of NTM differed among different age

groups. When setting patients aged <45 years as the con-

trol group, patients aged 45–59 [adjusted odds ratio

(AOR): 6.16, 95% confidence interval (CI): 2.66–14.30]

and ≥60 years (AOR: 4.20, 95% CI: 1.68–10.52) were

more likely to have NTM infections. In addition, the

education level of patients had an impact on the distribu-

tion of NTM infections. Illiterate patients had significantly

higher odds of having NTM compared to literate patients

(AOR: 1.93, 95% CI: 1.09–3.42). Patients with a previous

TB episode had higher NTM risk as compared to those

without previous TB episodes (AOR: 3.03, 95% CI: 1.78–

5.16). In contrast, we found that several surveyed factors

had no influence on the distribution of NTM infection,

including sex, ethnicity, job, and resident area (P>0.05).

Discussion
Despite halving in the prevalence of tuberculosis over the

past decades in China, the emerging epidemic of drug-

resistant tuberculosis remains a major threat to the control

of tuberculosis in this country.16,19 In this study, we

ascertained that 3.2% of new TB patients were affected

by MDR-TB, which is comparable to those of surrounding

eastern regions, including Zhejiang (4.4%) and Shanghai

(3.9%), while are lower than the national level (5.7%) and

those of northern (8.6% in Jilin) and western regions

(7.3% in Inner Mongolia).20 The low prevalence of

MDR-TB reflects the effective intervention strategies for

timely detection and proper management of MDR-TB

patients in Fujian. On one hand, since 2007, the scenarios

start from the scale-up of in vitro drug susceptibility test-

ing (DST) in the prefectures of Fujian, which makes the

individual DST more universally accessible. The early

diagnosis of drug-resistant TB, especially MDR-TB, is

essential to reduce the delay of initiation of appropriate

treatment for individuals infected with MDR-TB, thereby

preventing transmission of MDR-TB due to reduced dura-

tion of infectivity of index patients in the community. On

the other hand, TB is curable in almost all non-MDR-TB

patients if treated adequately.21 Directly observed therapy

(DOT) ensures that the patient is treated with the correct

dose of medication within a complete treatment course.22

This strategy was implemented by the CDC system

through its local public health clinics in 2001 in Fujian.

The sufficient financial support from the local government

improves the quality of patient management. Given that

the implementation of the DOT strategy plays an important

role in the prevention of drug resistance, we hypothesize

that the low prevalence of MDR-TB may be contributed to

the successful management of active TB cases in Fujian.

A recent nationwide study revealed that the prevalence

of NTM was 22.9% among all mycobacterial isolates in

China.19 In contrast, only 4.2% of smear-positive patients

were affected by NTM in Fujian. Similar results are

reported by Shao and colleagues, which demonstrated

that the overall proportion of NTM isolates from whole

specimens was 3.4% in another province of Eastern

China.15 There are several plausible explanations for the

obvious difference in the proportion of NTM isolates

among the latter studies. First, the nationwide study

included all people aged 15 years or older and a local

resident in the survey to assess the TB prevalence in

China. Although the abnormal chest radiograph was used

as the primary criterion for the selection of individuals

suspected of having TB, it is difficult to distinguish

between colonizers and causative pathogens for NTM

isolates,23 which may serve as an important explanation

for the increased prevalence of NTM isolates. Second, the

operators collected the sputum specimens from individualsFigure 1 Distribution of NTM species in Fujian Province.
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with abnormal chest radiograph intensively in the former

survey, which could result in laboratory technicians

becoming overloaded. Poor quality of mycobacterial cul-

ture may result from inadequate laboratory staffing, thus

leading to a high proportion of NTM contamination.

Consistent with our hypothesis, a high rate of NTM iso-

lates from the national survey belonged to hypovirulent

NTM species rather than the frequently observed virulent

NTM species (data not shown).Taken together, our data

indicate that the prevalence of NTM infections may be

overestimated due to the inclusion of potential contamina-

tion and colonization. Further epidemiological study on

NTM diseases is urgently required to confirm the preva-

lence of NTM disease in China.

In agreement with a recent cross-section study from

China, the predominant NTM of Fujian was M. intracel-

lulare, accounting for 68.3% of the NTM isolates tested.9

Besides, M. intracellulare was the most frequently isolated

strain in South Africa and Australia.2 In contrast, another

member of Mycobacterium avium complex, M. avium, was

the dominant strain in North and South America.2 On the

one hand, the geographic diversity in the prevalence of

NTM may reflect the NTM species distribution in the local

environment across regions. On the other hand, M. avium

is an opportunistic infection typically associated with

advanced immune suppression, such as AIDS.24

Considering that China has a low-level HIV epidemic, M.

intracellulare exceeds M. avium as the predominant cau-

sative agent of pulmonary NTM disease.

There is strong evidence that pulmonary NTM infection

more frequently affects elderly patients.25,26 Similarly, our

results demonstrated that the patients aged ≥65 years are at

high risk of NTM infections in this population. The age-

associated decreased immunity against mycobacteria infec-

tion in elderly persons is considered as the most important

explanation for this observation.27 Alternatively, we

hypothesize that the advanced age among elderly patients

may increase environmental exposure to NTM, thereby

resulting in a high incidence of NTM infections. In addition,

a systematic meta-analysis by Simons et al found that

Table 2 General Characteristics Of Patients Infected With MTB And NTM Enrolled In This Study

Characteristics MTB (%) NTM (%) Total (%) Crude OR (95% CI) P Value

Sex

Male 1041(96.0) 43(4.0) 1084(100.0) 1.00 –

Female 324(95.0) 17(5.0) 341(100.0) 1.27(0.72–2.26) 0.414

Age groups, years

<45 657(98.9) 7(1.1) 664(100.0) 1.00 –

45–59 474(92.6) 38(7.4) 512(100.0) 7.52(3.33–7.90) <0.01

≥60 234(94.0) 15(6.0) 249(100.0) 6.62(2.42–14.94) <0.01

Ethnicity

Han 1303(95.7) 58(4.3) 1361(100.0) 1.00 –

Others 62(96.9) 2(3.1) 64(100.0) 1.38(0.33–5.78) 0.658

Job

Farmer 736(95.1) 38(4.9) 774(100.0) 1.00 –

Others 629(96.6) 22(3.4) 651(100.0) 0.68(0.40–1.16) 0.152

Education level

Illiterate 273(91.6) 25(8.4) 298(100.0) 2.86(1.68–4.86) <0.01

Literate 1092(96.9) 35(3.1) 1127(100.0) 1.00 –

Treatment history

New case 1088(97.1) 32(2.9) 1120 (100.0) 1.00 –

Retreated case 277(90.8) 28(9.2) 305(100.0) 3.44(2.04–5.80) <0.01

Area

Eastern 487(95.7) 22(4.3) 509(100.0) 1.00 –

Southern 623(95.6) 29(4.4) 652(100.0) 1.03(0.59–1.82) 0.92

Western 126(96.9) 4(3.1) 130(100.0) 0.70(0.24–2.08) 0.52

Northern 129(96.3) 5(4.7) 134(100.0) 0.86(0.32–2.31) 0.76
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pulmonary NTM disease in Asia had a relatively high per-

centage of patients with a history of TB.10 In this study, we

found that patients with a previous TB episode had higher

NTM risk. This observation may reflect that these individuals

may be associated with a higher susceptibility to mycobac-

terial infection. Further study will be necessary to address the

shared mechanisms of the immune response against myco-

bacteria infection across mycobacteria species. Notably,

another risk factor associated with NTM infections was

illiterate patients. As an explanation for the relatively high

incidence of NTM among this population, it could be specu-

lated that illiterate patients are more prone to experiencing

poor economic status, which could negatively influence their

nutritional status, and impair the immune responses against

challenges with mycobacteria.28 Hence, a relatively higher

number of NTM isolates were identified among illiterate

patients. Additionally, it could reflect a higher frequency of

exposure to environmental NTM, including nonsterile water

and contaminated food. Management of NTM disease

should, therefore, promote education toward patients at

high risk to modify the environment and personal habits to

reduce environmental exposure to NTM.

There are several obvious limitations to our study.

First, the survey was conducted 7 years ago. The preva-

lence of NTM might be changed in the past decade.

Second, despite the enrolment of a large number of

smear-positive patients, the small sample size of NTM

may limit the overall significance of our study conclusion.

Third, the prevalence of NTM varies widely by geographic

area depending on endemicity of TB and environment

promoting the growth of NTM. Hence, our conclusion is

not generalized outside the study area. Fourth, M. intra-

cellulare was identified as the most predominant NTM

species in Fujian, while the exact reason for this prepon-

derance remains unknown at this stage. Fifth, although

increasing evidence has demonstrated the diagnostic per-

formance of molecular tests to distinguish between MTB

and NTM, this study did not collect information on this

aspect because of limited laboratory capability in Fujian.

Finally, because of being outside the scope of the National

Tuberculosis Programme, the clinical outcomes of these

patients with NTM were not collected in this study.

In conclusion, our data demonstrate that the prevalence

of NTM is 4.2% among patients with presumptive TB in

Fujian, and the predominant NTM is M. intracellulare. In

addition, elderly patients, those with a previous TB epi-

sode and illiterate patients have higher NTM risk. Further

management of NTM disease should, therefore, promote

education toward patients at high risk to modify the envir-

onment and personal habits to reduce environmental expo-

sure to NTM.
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