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Abstract

Background: In China, the prevalence of nontuberculous mycobacteria (NTM) in isolates from mycobacterial culture-
positive patients with pulmonary tuberculosis (TB) is largely unknown.

Methods: We used conventional biochemical and 16S rRNA gene sequencing to identify species of mycobacteria in
specimens from patients suspected of having TB. Drug-susceptibility testing was performed on NTM isolates using the
proportion method. We also determined the independent risk factors associated with infection with NTM compared with
infection with Mycobacterium tuberculosis.

Results: The overall rate of NTM isolated from mycobacterial culture-positive patients was 5.9% in this population, with a
significantly increasing trend from 3.0% in 2008 to 8.5% in 2012 (P for trend <0.001). The organism most frequently
identified was M. kansasii (45.0%), followed by M. intracellulare (20.8%) and M. chelonae/abscessus (14.9%). The overall
proportion of isolates resistant to the four first-line anti-TB agents were 64.6% for isoniazid, 77.6% for streptomycin, 63.3%
for rifampicin and 75.1% for ethambutol. The risk factors most often associated with NTM infection were older age (P for
trend <0.001), being a resident of Shanghai (adjusted odds ratio [aOR], 1.48; 95% Cl, 1.10-2.00), having been treated for
tuberculosis (aOR, 1.64; 95% Cl, 1.18-2.29), having a cavity on chest X-ray (aOR, 1.51; 95% Cl, 1.16-1.96), and being sputum
smear-negative (aOR, 1.59; 95% Cl, 1.16-2.18).

Conclusions: The prevalence of NTM isolated in Shanghai increased between 2008 and 2012, thus clinicians should consider
NTM as a possible cause of TB-like disease. Accurate species identification is imperative so that proper treatment can be
administered for diseases caused by the diversity of NTM species.
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States and Japan, M. avium complex and M. kansasii are the most
common species [15,16], while in England the most common is M.
kansasti, and in Wales it is M. malmoense [17].

China has a high burden of TB, and although the prevalence of
NTM associated disease is reported to be on the rise in Asia, few
studies have reported the isolation rate of NTM, and related
infectious diseases in China. A sentinel surveillance study showed
that the prevalence of NTM among patients with suspected
pulmonary TB in rural eastern China was low (1.6%) and stable
[18]. However, mycobacterial culture and identification of NTM
are not routinely performed in most areas of China. The
epidemiology of NTM infections in China remains unclear.

If the factors associated with N'TM infection could be identified,
this could be used to quickly distinguish NTM from TB clinically,
and help public health officials make decisions regarding contact
investigations. A limited number of hospital-based studies have

Introduction

Mycobacteria other than Mycobacterium tuberculosis complex
and M. leprae are known as nontuberculous mycobacteria (NTM)
[1-3]. NTM show great diversity and are ubiquitous in the
environment. These organisms are important opportunistic
pathogens that have received much attention owing to an increase
in the isolation of NTM from infections worldwide [4-9],
especially in Asia [10-13]. NTM infections can cause clinical
symptoms similar to tuberculosis (IB), which is caused by M.
tuberculosis; however, the majority of NTM species are resistant to
the most frequently used anti-TB agents. Therefore, it is possible
that more patients with samples testing positive for acid-fast bacilli
(AFB) have received unnecessary empirical anti-TB treatment.

A number of studies of the prevalence of pulmonary NTM
infections in North America, Europe and Asia have been

published recently [12]. It has been reported that the distribution
of the species of NTM isolated from clinical specimens differs by
continent and by country within continents [14,15]. In the United

PLOS ONE | www.plosone.org

investigated the characteristics of NTM pulmonary diseases
[19,20]. However, few population-based studies have compared
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the differences in characteristics of patients with pulmonary TB
and those infected with NTM.

In this study, we report the trends and diversity of NTM species
in isolates from pulmonary samples from patients suspected of
having TB. We also identify the characteristics associated with
NTM infections in Shanghai, China. To our knowledge, this is the
first population-based study to report on the epidemiology of
NTM infection in China.

Methods

Study population

In Shanghai, patients suspected of having TB (e.g., cough
lasting =2 weeks, or abnormalities identified by X-ray, or both)
are referred to designated TB hospitals for confirmation and
diagnosis. Three sputum samples, taken at different times, are
collected from each individual referred to a TB hospital and tested
by microscopy to detect AFB and by culture for Mycobacterium on
Lowenstein-Jensen medium. For this study, isolates of Mycobac-
terium were sent to the Shanghai Municipal Center for Disease
Control and Prevention for species identification and drug-
susceptibility testing.

Species identification

Conventional biochemical and 16S rRNA gene sequencing
were used for species identification of mycobacteria. First, testing
was performed with the growth inhibiting para-nitrobenzoic acid
(PNB) to differentiate M. tuberculosis complex from NTM.
Growth of M. tuberculosis complex is inhibited by PNB, whereas
NTM are resistant. Second, N'TM species were further identified
by sequencing 16S rRNA with primers as described elsewhere
[21]. Chromosomal DNA used as templates for amplification was
extracted using the boiling lysis method. The 16S rRNA sequences
were analyzed using Blast and the Ribosomal Differentiation of
Medical Microorganisms (RIDOM) database (http://www.ridom-
rdna.de/).

Drug susceptibility testing

All mycobacterial isolates were tested for drug susceptibility
against rifampicin (RFP), isoniazid (INH), streptomycin (SM), and
ethambutol (EMB) using the proportion method on Léwenstein-
Jensen medium at the following concentrations: 40 pg/mL,
0.2 ug/mL, 4 pg/mL, and 2 pg/mL, respectively.

Statistical analysis

We used data from the Shanghai Municipal Centers for Disease
Control and Prevention’s TB Information System to determine the
risk factors associated with isolation of N'TM; randomly selected
TB patients from the same system were used as a reference group.
The analysis included demographic information (age, sex, and
area of residence), clinical information (I'B history and cavitation
shown on X-ray), and bacterial characteristics (results of sputum
smears and drug-susceptibility testing).

Statistical analyses were performed using Stata (version 10.1/
SE, StataCorp., College Station, Texas, USA). An initial analysis
compared the possible risk factors associated with infection of
NTM with data from TB patients using the x> test of proportions
or Fisher’s exact test, as appropriate. To identify factors
independently associated with the outcome variable, we performed
a multiple logistic regression analysis. We also used a y” test to
identify the trend in the proportion of NTM isolated from cultures
during the study period. A P value of <0.05 was considered
statistically significant.

PLOS ONE | www.plosone.org

Nontuberculous Mycobacteria in Shanghai

Ethics Statement

The study was approved by the Ethical Review Committee at
the Shanghai Municipal Centers for Disease Control and
Prevention. Since this was a retrospective study and all patients’
information used in this study had been routinely collected
through the mandatory notification system, the requirement for
informed consent was waived by the ethics committee.

Results

The increasing trend in NTM infection

From January 2008 to December 2012, 24,763 suspected cases
of TB were reported in Shanghai. Of these, 10,664 (43.1%) were
culture-positive, including 10,407 from which the species of
mycobacteria could be identified. A total of 650 isolates were
identified as NTM using the biochemical method. Of these, 34
were contaminated and the species could not be identified; the
remaining 616 (5.9%) samples were successfully subcultured and
submitted for confirmation of NTM and detailed species
identification (Figure 1). From 2008 to 2012, the isolation rate
for NTM increased significantly, from 3.0% of cultures (95%
confidence interval [CI], 2.3-3.9%) in 2008 to 8.5% (95% CI,
7.4-9.7%) in 2012 (P for the trend <0.001, Table 1).

Species identification of NTM isolates

Table 2 shows detailed information about the species identified
in the 616 NTM isolates. In all, 25 NTM species were identified.
The most frequent organism identified was M. kansasii (45.0%),

Total Suspected TB cases
in Shanghai, 2008-2012
N=24763

\ 4

Patients with mycobacteria
culture-positive

N=10664
_________ b |
: Without species 1
1 identification :
v N7 !
Mycobacterial
Species identification
N=10407 | _ _ _ __ ____ -
V' M. tuberculosis 1
: complex N=9757; |
1 Sub-culture :
J I contamination I
N2 _ J
NTM isolation

N=616 (5.9%)

Figure 1. Isolation of nontuberculous mycobacteria from
mycobacterial culture-positive patients in Shanghai, 2008-
2012. MTB, M. tuberculosis; NTM, nontuberculous mycobacteria.
doi:10.1371/journal.pone.0109736.g001
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*INH, isoniazid; SM, streptomycin; RFP, rifampicin; EMB, ethambutol.

doi:10.1371/journal.pone.0109736.t003
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followed by M. intracellulare (20.8%), M. chelonae/abscessus
(14.9%), M. fortuitum (4.5%), and M. avium (3.6%).

Drug resistance profiles of NTM isolates

Of the 616 NTM isolates with results from drug-susceptibility
testing, the overall proportion of isolates resistant to the four first-
line anti-TB agents were 64.6% for INH, 77.6% for SM, 63.3%
for RIP and 75.1% for EMB. Resistance to first-line anti-TB
agents exceeded 85% in patients with M. chelonae/abscessus or M.
Sfortuitum (Table 3).

Risk factors for NTM infection

Based on information routinely collected by the T'B registration
system for the 616 patients with NTM isolated from their
specimens, 465 (75.5%) were male, with a mean age of 54 years
(range, 6-96 years); 474 (77.1%) were newly diagnosed cases; and
141 (22.9%) had a history of being treated for TB. A total of 427
(69.4%) were sputum smear-positive, and 261 (40.8%) had a cavity
on chest X-ray. Table 4 shows the risk factors associated with
NTM infection. Compared with the group of randomly selected
TB patients, those who were infected with NTM were more likely
to be older (P for trend <0.001), be local residents in Shanghai
(adjusted odds ratio [aOR], 1.48; 95% CI, 1.10-2.00), have been
treated for TB (aOR, 1.64; 95% CI, 1.18-2.29), have a cavity on
chest X-ray (aOR, 1.51; 95% CI, 1.16-1.96), and be sputum
smear-negative (aOR, 1.59; 95% CI, 1.16-2.18).

Discussion

To our knowledge, this is the first large-scale study in Shanghai
to estimate the prevalence of NTM using comprehensive
laboratory analysis. The overall prevalence of NTM in Shanghai
is 5.9%, with a significant increasing trend. Genetic sequencing
showed that the most prevalent NTM species in Shanghai was M.
kansasii, which accounted for nearly half of all NTM species
isolated. The independent risk factors associated with NTM
infection were older age, being a local resident, having a history of
TB, being sputum smear-negative and having a cavity on chest X-
ray.

The increase in NTM identified during this five-year period
may be the result of an increase in the prevalence of infections
caused by NTM. It could also have resulted from an increased
awareness of these bacteria as human pathogens and improved
methods for identifying NTM. During the past decades, the
worldwide increase in the proportion of NTM isolated from
cultures has been associated with the HIV epidemic and
immunodeficiency in the host. Although we did not know the
HIV infection rate in the study population, the prevalence of HIV
infection in Shanghai is relatively low [28]. Additionally, other risk
factors, including the number of elderly people, may have
contributed to the increase in NTM isolated from samples in
Shanghai.

The prevalence of mycobacteria species responsible for different
diseases varies markedly by geographic region. Despite reports of a
rise in the isolation of NTM in Asia, the most prevalent NTM
species were M. avium complex. In a study from Taiwan, M.
avium complex accounted for most NTM disease, followed by M.
chelonae/abscessus and M. fortuitum. A meta-analysis also found
that M. avium complex is the most prevalent cause of NTM
disease in Fast Asia [14]. In China, until recently there have been
few reports of NTM disease or isolates: one study in Shandong
reported that 80% of clinical NTM isolates were M. intracellulare
[18]; in Guangzhou, during 1994-2003 a study of 136 NTM
isolates found that the majority of species identified were M. avium

October 2014 | Volume 9 | Issue 10 | €109736



Nontuberculous Mycobacteria in Shanghai

#00¥9€£6010"du0d [ewInof/L£g1°0L:l0p

"3|gel Y1 Ul UMOYS dJe sd|gelieA palsnipy,

‘PUSJ) 10J BN|BA dy

‘|lEAI91UL DDUSPLUOD ‘D ‘O11RS SPPO ‘YO ‘eLI31IeGOIAW SNOJNDIBGNIUOU ‘WIN ‘SISO|NdIagN] ‘g) :SUONRIARIqQY

200 (9TT-¥0'L) €5°L (sot) 6C1 (6'8) SS umouwun
100> (96'L-91°L) LS'L L00 (£6°L-£60) €T'L (8'0%) L9z (L'6€) (h24 SIA
00°L 00°L (£'8Y) 08¢ (0'29) oce ON
ydeiboipes 15ayd Aieyne)
100> (0€v-55'1) 65T S00 (¥T'T-66'0) 87°L (rot) [4° (1) 144 umouyun
L0'0> (8L'Z-9L°L) 65°L 050 (9%'1-€8°0) OL'L (5°02) ocl (961) 14} ON
00°L 00'L (r'69) Va4 (TesL) LSy SIA
Jeaws wninds 9ANISOd
100> (6TZ-8L°L) ¥9'L 100> (£8T-951) LL'T (6'22) (84} (€T 9L osed pajeal|
00°'L 00°'L (L°22) {744 (9'£8) (0149 958> MAN
A1oisly g1
100 (00'Z-0L°L) 8¥'L L0'0> (92£'€-97°7) T6'C (SvL) 94 (L'05) 1443 Sjusplisay
00°L 00°L (£'€2) 14t (7'Ly) 6¢C syueibiy
uonensibal Juspisay
L0'0> (€6'0L-SLY) €29 L0'0> (TTL-8L'9) ¥6'L (S'61) ocl (02) 134 SL=
100> (09°'2-91°€) 06 100> (95°8-16°€) 8£'S (5'07) 9zl (ooL) 9 ¥£-09
100> (98'%-97°7) L€ 100> (09'5-£8'7) 00 (£'67) €8l (') o€l 65-S¥
100> (LO'E-¥¥'L) 80'C 100> (86'T-9%'L) 60T (991) <ol (970 6€L ¥v-0€
00°'L 00°'L (8€l) S8 (€'6€) we 0€>
100> 100> sieak ‘oby
¥9'0 (6€°1-18°0) 90°L (§'s2) Sov (8'72) 85 Sley
00°L (S¥2) LSL (s 85l olewag
X35

(%) ‘ON (%) ‘ON
enjea d 11D %S6) enjead (1> %s6) WIN aL sajqelien

4O paisnipy HO apnid

“7107-8007 ‘1eybueys ‘eus1oeqodAW SNOJNI3GNIUOU YIM SSOY) puUR SISO[n2Jaqni wnuaidnqodAyy Jo salejosi yum siusned jo uosuedwo) ¢ ajqeL

October 2014 | Volume 9 | Issue 10 | €109736

PLOS ONE | www.plosone.org



complex and M. chelonae/abscessus [22]. In Shanghai, one
hospital-based study that included 248 NTM isolates from
Shanghai Pulmonary Hospital found that between 2005 and
2008 the most prevalent species were M. chelonae/abscessus
(26.7%), M. fortwitum (15.4%), M. kansasii (14.2%) and M.
intracellulare (13.1%) [20]. The result from the hospital-based
study in Shanghai was different from what we observed in the
current study. The differences can be attributed to differences in
sampling, with our results representing the population-based
prevalence of NTM isolated in Shanghai city.

It is important to identify NTM isolates to the species level
because each NTM species has its own clinical significance and
antimicrobial susceptibility. Most NTM species were resistant to
the first-line anti-TB agents used for treatment of TB; therefore,
misdiagnosis of NTM infection could lead to inappropriate anti-
TB treatment. Although in Shanghai we cultured all specimens
from patients suspected of having TB and performed PNB testing,
a period of 1-2 months was required to confirm NTM. Generally,
patients with sputum smear-positive specimens are presumed to be
infected with M. tuberculosis and are treated with anti-TB agents
based on the clinician’s experience. Currently, there are no
guidelines for performing in vitro drug-susceptibility testing for
different N'TM species. Thus, the appropriate treatment of NTM
disease can be recommended based only on the results of local
surveillance for NTM and the resistance profiles of the species.

In this study, the most prevalent NTM species in Shanghai was
M. kansasii, which had been previously identified in water systems
and can persist for up to 12 months; however, this species is
difficult to isolate from soil and water [23]. It has been reported
that a high prevalence of M. kansasii is always associated with
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water pollution [24-26]. In the current study, M. kansasii
accounted for nearly half of the NTM species isolated; further
investigation is needed to determine whether this observation is
associated with contamination of water systems [27].

One limitation of our study was the lack of identification of true
disease caused by NTM infection. In clinical practice, it is difficult
to determine whether the isolation of NTM from sputum
specimens means that the patient has NTM pulmonary disease
[15]. Two or more positive sputum cultures with the same NTM
strains are highly predictive of NTM pulmonary disease [8,9].
However, in most TB laboratories in Shanghai, it is hard to obtain
a second specimen from patients after the long wait for
confirmation using the culture method.

Conclusion

Because the prevalence of NTM isolates has increased in
Shanghai, clinicians there should consider NTM as a possible
cause of TB-like symptoms. Accurate species identification is
imperative so that proper treatment can be determined for diseases
caused by the diversity of NTM species. Further study is needed to
investigate the possible epidemiological links between specific
NTM species (e.g., M. kansasii) isolated from environmental
sources with those isolated from patients’ specimens.
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