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Lung Infection Caused by Mycobacterium riyadhense
Confused with Mycobacterium tuberculosis:

The First Case in Korea
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A slowly growing, non-chromogenic mycobacterial strain was isolated from sputum and
bronchial lavage fluid samples of a patient presenting with productive cough, blood-tinged
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sputum, low-grade fever, and weakness. A positive acid-fast bacilli sputum smear result

prompted the initiation of an anti-tuberculosis regimen. Multiplex real-time PCR showed a
negative result for Mycobacterium tuberculosis complex and a positive result for nontu-
berculous mycobacteria. The DNA chip test confirmed this organism as a member of the
genus Mycobacterium, but could not specify the species. Interestingly, the mycolic acid
patterns obtained by HPLC nearly overlapped with those of M. simulans. The sequences
of the Mycobacterium 16S rRNA gene and 16S-23S internal transcribed spacer region were
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unique and were found to have 100% similarity with those of M. riyadhense. After a review

of the literature, we report this case as the first Korean case of M. riyadhense lung infection.
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INTRODUCTION

Currently, there are more than 125 known species of nontuber-
culous mycobacteria (NTM) [1, 21. NTM are generally free-living
organisms that are ubiquitous in the environment [3, 4], and are
often found as contaminating organisms in laboratory or medi-
cal equipment [3, 5]. This is true especially in Korea, which is a
country with a relatively high prevalence of tuberculosis (TB) [6].
NTM infection results in a disease that is not severe; however,
disseminated disease may be life threatening in immunocom-
promised patients [3]. In recent years, NTM infections have been
diagnosed in immunocompetent individuals without predispos-
ing conditions [7, 8]. Therefore, the identification of mycobacte-
ria that are responsible for a specific disease and the differentia-
tion between environmental and pathogenic species are impor-
tant diagnostic issues in the treatment of patients [3].
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Herein, we report a case of NTM lung infection without pre-
disposing conditions, in which an individual had been inade-
quately treated, thus resulting in gradual progression to chronic
pulmonary disease before the consultation at our institute. In
this case, the patient’s condition improved only once the etiol-
ogy of her disease was finally deciphered at our hospital. Of note,
the recently characterized species, Mycobacterium riyadhense,
was responsible for the tuberculosis-like clinical symptoms that
provided our laboratory data [9, 10]. According to the literature,
the following is the first case report of M. riyvadhense lung infec-
tion in Korea.

CASE REPORT

A 38-yr-old woman was admitted to the pulmonology department
of the Ulsan University Hospital for productive cough, blood-tinged
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sputum, low-grade fever, and weakness. Three months prior to
her admission, she had been diagnosed with bronchiectasis at
the secondary referral center but her symptoms persisted after
she completed treatment there. One month before consulting
our hospital, she had experienced a mild fever, weakness, and
anorexia. Additionally, she was diagnosed with pneumonia. How-
ever, her condition had progressed to a more constant cough
and weight loss despite previous treatment, thus she was even-
tually hospitalized at our institute. Upon hospitalization, a chest
radiograph revealed poorly defined ground-glass opacities, which
were consistent with the diagnosis of pneumonia, and a com-
puted tomography (CT) scan showed bronchiectasis with multi-
ple cavitary nodules.

Specimens obtained from sputum and bronchial lavage fluid
revealed the presence of acid-fast bacilli, based on auramine-
rhodamine-stained fluorescence microscopy. Acid-fastness was
verified by Ziehl-Neelsen stained smears from colonies grown
on Mycobacteria Growth Indicator Tube (MGIT; Becton Dickin-
son, Sparks, MD, USA) liquid medium.

Multiplex real-time PCR performed with the AdvanSureTB/
NTM real-time PCR Kit (LG Lifescience, Seoul, Korea) showed a
negative result for M. tuberculosis complex (MTBC) and a posi-
tive result for NTM.

Clinical and radiologic signs and symptoms of pulmonary in-
fection including cough, fever, weight loss, and multifocal bron-
chiectasis with multiple small nodules and positive culture re-
sults from a single bronchial lavage fulfilled the American Tho-
racic Society diagnostic criteria of NTM lung disease [3]. Thus
the patient was presumed to have NTM lung disease and treat-
ment was started employing the standard regimen with isoniazid
(INH), rifampicin (RIF), pyrazinamide (PZA), and ethambutol
(EMB).

After a week of treatment, which was well tolerated, the gen-
eral condition of the patient improved and the sputum smears
became mycobacteria-negative. Therefore, the patient was dis-
charged and advised to continue the same therapy until the fi-
nal diagnosis was confirmed. Cultures grown in MGIT medium
produced acid-fast bacilli in 7-9 days. In 3% Ogawa solid egg-
based medium (Asan Pharmaceutical, Seoul, Korea), small, non-
pigmented, smooth colonies grew in approximately 14 days at
37°C. Conventional techniques were used to test for growth and
biochemical characteristics [11, 12]. The patient-derived strain
UUH-10070721646 was positive for nitrate reductase, catalase,
and urease, was tolerant to INH, but negative for thermotolerant
catalase (Table 1). However, these phenotypic features were not
sufficient to differentiate strain UUH-10070721646 from other
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Table 1. Biochemical identification results from strain UUH-10070
721646 and related Mycobacterium species

Test Strain UUH- Mycqbacteri- Mycobacte-'
10070721646 um riyadhense rium szulgai
Nitrate reduction + + +
68°C catalase - - +
Catalase>45mm + + +
Urease + + +
Pigmentation Absent Absent Photochro-
mogen
Colony morphology Smooth Rough Smooth/
rough
Growth at 25°C + + +
Pirazinamidase + + -
Tolerance to isoniazid (500 pg/mL) +/-*

*+/-, variable.

related Mycobacteria strains.

The mycolic acid analyses were also performed using HPLC,
as described previously [13]. HPLC patterns were compared
with patterns from standard mycobacterial species, which were
obtained from 28 ATCC standard mycobacterial species and 5
Korean Type Culture Collection (KTCC) standard mycobacterial
species. The mycolic acid pattern of strain UUH-10070721646
was characterized by a single, late cluster of peaks, which was
clearly distinct from TB but nearly overlapping with those of M.
simulans (Fig. 1).

To identify the organism at the species level, a commercial
DNA chip assay (CombiChip Mycobacteria Genotyping DNA
Chip; Gene In Inc., Busan, Korea) was performed, which imple-
ments the hybridization method by using an oligonucleotide chip
containing internal transcribed spacer (ITS) sequence between
the 16S rRNA and 23S rRNA of Mycobacterium, thereby identi-
fying 20 species of mycobacteria (Panmycobacteria, MTBC, M.
avium-intracellular complex, M. fortuitum, M. chelonae, M. ab-
scessus, M. kansasii, M. gordonae, M. scrofulaceum, M. szul-
gai, M. vaccae, M. xenopi, M. terrae, M. flavescens, M. smeg-
matis, M. malmoense, M. simiae, M. marinum-ulcerance, M.
gastri, and M. leprae). In this case, hybridization with the genus-
specific probe and the failure to hybridize with species-specific
probes indicated the presence of a Mycobacterium strain that
did not belong to any species that was identifiable by the system.

For complete analysis, sequencing of the 16S rRNA gene and
the 16S-23S ITS region was performed with a MJ Research PTC-
225 Peltier Thermal Cycler using Applied Biosystems (ABI) PRISM
BigDye Terminator Cycle Sequencing Kits and ABI 3730x! se-
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Fig. 1. HPLC pattern of strain UUH-10070721646 (right) compared with that of Mycobacterium tuberculosis (left); the HPLC pattern of

UUH-10070721646 is characterized by a single, late cluster of peaks.

Table 2. Sequence comparison between UUH-10070721646 and its closely related Mycobacterium species

Gene/region

Most similar sequences

16S rRNA gene (full)
16S-23S ITS (273 bp)
23S rRNA gene (full)
rpoB (472 bp)

hsp65 (421 bp)

Mycobacterium malmoense (99%), Mycobacterium szulgai (99%), Mycobacterium bohemicum (98%)

M. szulgai (91%), Mycobacterium kansasii (91%), Mycobacterium marinum (91%)

M. kansasii (97%), Mycobacterium avium (97%), Mycobacterium ulcerans agy99 (97%)

M. avium 104 (93%), Mycobacterium paratuberculosis k10 (93%), Mycobacterium tuberculosis H37RvT (91%)
Mycobacterium genavense DSM 444247 (95%), M. bohemicum CIP 105811T (95%), M. malmoense CIP 105775T (95%)

quencer (Applied Biosystems, Foster City, CA, USA) by using
the standard protocol [14]. The primer pair used for amplifica-
tion consisted of 27F (5'-AGA GTT TGA TC [A/C] TGG CTC AG-
3') and 1492R (5-G [C/T] T ACC TTG TTA CGA CTT-3"). This pri-
mer pair amplifies a 1,500 bp fragment of the 16S rRNA gene
between positions 8 and 1509 of the Escherichia coli 16S rRNA
gene. We compared the obtained sequences with the GenBank
and European Molecular Biology Laboratory (EMBL; National
Center for Biotechnology Information, http://www.ncbi.nlm.nih.
gov) gene sequence databases. The sequencing results are listed
in Table 2. The sequences of the 16S rRNA gene and 16S-23S
ITS regions of strain UUH-10070721646 were unique and closely
related to the recently described species, M. riyadhense [9]. In
the complete sequence of the 16S rRNA of the current isolate,
the similarity to the latter species was 100%, with 1 mismatch in
1,438 bp. In the hypervariable region of hsp65 [15], there were
3 mismatches (in 423 bp; similarity 99%). In the ITS, the pres-
ence of 7 mismatches in 278 bp was responsible for a similarity
of 97%. In the 744 bp stretch of rpoB, M. riyadhense presented
the closest similarity (95%, with 37 mismatches). In the same
regions, the similarities with M. tuberculosis were clearly lower
(98% in the 16S rRNA, 86% in hsp65, 88% in the ITS, and 91%
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in rpoB).

The 16S rRNA gene sequence was compared with those of
reference strains of the most closely related mycobacterial spe-
cies present in major international nucleotide sequence data-
bases (GenBank, EMBL, DNA Data Bank of Japan [DDBJI) us-
ing Clustal W software version 2 (http://www.ebi.ac.uk/tools/clust-
alw2) [16]. The resulting topology and tree that were inferred by
neighbor-joining and visualized using the Molecular Evolutionary
Genetics Analysis (MEGA) software package were evaluated by
bootstrap analyses based on 1,000 resamplings (Fig. 2).

Although the patient seemed to show both clinical and radio-
logical improvement after the first regimen of INH, RIF, PZA, and
EMB, INH was discontinued after 8 months of treatment due to
the results of an in vitro drug susceptibility test. The drug sus-
ceptibility test was performed according to the absolute concen-
tration method (validated for MTB strains only) in Léwenstein-
Jensen medium (Green Cross Reference Laboratory, Yongin,
Korea), using the first-line and second-line drugs, and the mini-
mal inhibitory concentrations were determined using the micro-
dilution method recommended by the Clinical and Laboratory
Standards Institute (CLSI) [17]. The results are interpreted fol-
lowing the CLSI guideline for other slowly growing NTM and newly
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Fig. 2. Phylogenetic relationships of strain UUH-10070721646 and
related Mycobacterium species on the basis of 16S rRNA gene se-
quences.

described species, which are generally tested as for M. kansasii
[17].

Strain UUH-10070721646 was found to be susceptible to RIF,
EMB, kanamycin, rifabutin, amikacin, ethionamide, cycloserine,
capreomycin, clarithromycin, and moxifloxacin, intermediately
susceptible to ciprofloxacin, and was resistant to INH, strepto-
mycin, ofloxacin, para-amino-salicylic acid, and levofloxacin by
using the 2 methods above (Table 3).

The patient has been receiving clinical follow-up assessments
for 13 months without recurrence of disease.

DISCUSSION

The incidence of pulmonary infection caused by NTM is increas-
ing; however, it is not commonly described in Korean clinical
settings. This may be explained by clinicians overlooking the
possibility of an infection due to NTM, as Korea is still an en-
demic area for TB. Many pulmonary NTM patients are inade-
quately and unnecessarily treated for pulmonary TB. Further-
more, some patients are even misdiagnosed with multidrug re-
sistant TB and treated with the secondary anti-TB regimen, as
the clinical presentation of NTM is often difficult to differentiate
from that of MTBC [9, 10, 18].

M. riyadhense can infect a patient without predisposing fac-
tors, resulting in the tuberculosis-like clinical symptoms that
provided laboratory data from our patient. In this case, the pa-
tient’s condition improved only once the etiology was finally un-
covered. This is the first Korean report of a mycobacterial strain
that was phenotypically and diagnostically confused with TB (but
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Table 3. Drug susceptibility testing pattern of strain UUH-
10070721646 obtained by using the absolute concentration meth-
od in Léwenstein-Jensen medium and broth microdilution for the
determination of the minimal inhibitory concentrations (MICs)

Absolute concentration method Microdilution
Drugs Critipal concen- Interpretation MICs Inter'preta—
tration (pg/mL) (ug/mL) tion
Isoniazid 0.2 R NT -
Rifampicin 40 S 0.25 S
Streptomycin 10 R NT -
Ethambutol 2 S <0.25 S
Kanamycin 40 S NT -
Rifabutin 20 S NT -
Amikacin 40 S <1 S
Ethionamide 40 S NT -
Cycloserine 30 S NT -
(Ofloxacin 2 R NT -
PAS 1 R NT -
Capreomycin 40 S NT -
Moxifloxacin 2 S 0.5 S
Levofloxacin 2 R NT -
Cefoxitin NT - 128 -
Ciprofloxacin NT - 2 |
Clarithromycin NT - <05 S
Doxycycline NT - 1 S
Imipenem NT - 32 -
Sulfamethoxazole NT - 8 S
Tobramycin NT - 2 -

Abbreviations: S, susceptible; R, resistant; |, intermediate susceptible; NT,
not tested; -, no interpretation possible; PAS, P-aminosalicylate.

clearly distinct from it) and responsible for severe disease.
There are 4 case reports of M. riyadhense before UUH-1007
0721646 (Table 4) [9, 10, 191, the major features shared by UUH-
10070721646 and these cases resulted in the confusion with
MTBC. Commercial probes are frequently used for rapid identi-
fication of mycobacterial species [20]; however, M. riyadhense
and other recently proposed NTM such as M. kumamotonense
cross-react with MTBC DNA probes and may be overlooked by
line-probe assays [18]. With the emergence of new NTM spe-
cies, commercial probes could fail to discriminate between spe-
cies, leaving clinical isolates either unidentified or misidentified.
The clinical and radiologic signs and symptoms of pulmonary
infection caused by the strain, including cough, weight loss, fe-
ver, and cavitating lung lesions, were also similar to those in typ-
ical cases caused by MTBC strains [9, 10, 19]. Another charac-
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Table 4. Characteristics of 5 case-patients with M. riyadhense infection
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Reported order ~ Age/sex Clinical situation Gene Sequence similarity (%) Antimicrobial therapy
1* 19/M Bone infection in maxillary sinus 16S rRNA, rpoB, hsp65, ITS, RD1 Type strain INH, RIF, EMB

2 62/M Pulmonary infection 16S rRNA, rpoB, hsp65, ITS 99, 95, 96, 95 AMK, ETH, MOX, CLR, EMB
3 39/F Pulmonary infection 16S rRNA, rpoB, hspb5 99.8,99.8, 100 INH, RIF, EMB, PZA

4 43/M Pulmonary infection 16S rRNA, rpoB, hspb5 99.8,99.7,99.1 INH, RIF, CLR, CIP

5 38/F Pulmonary infection 16S rRNA, rpoB, hsp65, ITS 100, 95, 99, 97 RIF, PZA, EMB

*Reported by van Ingen et al. [9]; 'reported by Tortoli et al. [10]; freported by Godreuil et al. [19].
Abbreviations: INH, isoniazid; RIF, rifampin; EMB, ethambutol; AMK, amikacin; ETH, ethionamide; MOX, moxifloxacin; CLR, clarithromycin; PZA, pyrazin-

amide; CIP, ciprofloxacin.

teristic that this strain has in common with MTBC strains is the
definite pathogenicity; each case showed evidence for the patho-
genic role of the strain in pulmonary or extrapulmonary diseases.
However, the strains differ in drug susceptibility; the first case
was cured with standard anti-TB therapy of INH, RIF, and EMB
that was ineffective in the second case, and the latter case was
successfully treated with the combination of amikacin, ethion-
amide, moxifloxacin, clarithromycin, and EMB.

The strains in the third and fourth cases showed similar drug
susceptibility patterns [19], which were sensitive to most first-
and second-line drugs, but resistant to doxicycline alone. The
former was cured with INH, RIF, and EMB, while the latter pa-
tient relapsed after receiving clarithromycin and ciprofloxacin for
12 months, but then improved with anti-TB drugs (INH, RIF,
EMB, PZA, clarithromycin, and ciprofloxacin). In the present
case, UUH-10070721646 was treated with RIF, PZA, and EMB
for 13 months without recurrence of disease.

Because of the scarcity of documented cases of M. riyadhense
infection [9, 10, 19], no clinically approved agent for M. riyad-
hense infection is currently available [17]. Case 1 and 3 indicate
that anti-TB drugs such as INH, RIF, and EMB are effective
against M. riyadhense infection, but INH revealed in vitro resis-
tance in case 2 and our case. Interestingly, the combination of
clarithromycin and ciprofloxacin was not effective in case 4, de-
spite the demonstration of in vitro susceptibility to these drugs.

Conventional laboratory culture, biochemical testing, and a
limited molecular evaluation are sometimes insufficient for dif-
ferentiating novel Mycobacterium species from M. tuberculosis.
Biochemical methodologies are cumbersome, time-consuming,
and may yield ambiguous and misleading results [21]. PCR and
gene probe assays are known to yield fast and accurate results
for the species-level identification of mycobacteria, but these
methods are associated with the chance of contamination and a
high false-positive rate, which can be difficult to sort out in vari-
ous mycobacterial species and often require multiple steps to
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identify organisms at the species level [13, 22-24].

In the other cases of M. riyvadhense, false-positive results from
line-probe assays may lead to incorrect diagnoses of TB and
unwarranted treatment, but in our case, misdiagnosis was pre-
vented by PCR and HPLC, which excluded TB early on before
the molecular diagnostic results were obtained. In this case,
preliminary investigations by simple PCR provided a negative
result, but persistent characterization of the strain by several ge-
netic identification systems led to the first detection of M. riyad-
hense in Korea.

The characterization of this previously unknown pathogen rai-
ses new concerns for human health and demonstrates the con-
tinuing scope of the threat caused by NTM.
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