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Abstract
Background: This study aims to investigate the usefulness of GeneXpert MTB/RIF (Xpert) in diagnosing
rifampicin (RIF) resistance among the patients in the secluded sanatoria of North Korea. This article is a
follow up of a report that explored the characteristics of drug resistance in North Korean Sanatoria,
published in 2017. Xpert is used as a diagnostic tool to check for multidrug-resistant tuberculosis (MDR-
TB) in speci�c areas of North Korea by the Eugene Bell Foundation (EBF). While there are other diagnostic
tools are used to test for RIF resistance, there is no other feasible method to consistently test for MDR-TB
in North Korea. Currently, EBF exclusively uses Xpert in tuberculosis and RIF resistance diagnosis when
providing medical support for tuberculosis patients in North Korea, where there is limited international
access.

Methods: We performed Xpert using cultured tuberculous bacilli of North Koreans and compared the
result to the corresponding phenotypic drug susceptibility tests (pDST) and rifampicin resistant-
determining region sequencing (RRDR). All samples were target-sequenced at the rpoB region, where
unique RIF resistance related mutations, potentially speci�c to North Korea, were discovered.

Results: Using the RRDR sequencing as the gold standard, Xpert’s sensitivity and speci�city was 94.9%
and 88.0%, respectively. In addition, we discovered several rare or novel mutations among the North
Korean Mycobacterium tuberculosis isolates.

Conclusions: RIF detection in North Korea is possible using Xpert as an alternative to pDST, as this
research has shown. This research is not only imperative to North Korea, but also in locations where there
is limited access to conventional pDST.

Background
From the small amount of restricted information available, WHO declared North Korea (NK) as one of the
30 high tuberculosis (TB) burden countries after TB was noted as one of NK’s most urgent public health
problems [1]. A previous publication has reported that MDR-TB accounted for over 87% in NK sanatorium
patients in a study aiming to analyze the drug resistance patterns of Mycobacterium tuberculosis (M. tb)
isolated from �rst-time second-line drug (SLD) treated patients [2]. The publication was the inspiration for
this paper, and the specimens used the previous study was taken out of –80℃ storage to be reused in
this study.

Due to NK’s lack of laboratory capacity in performing pDST, EBF began organizing a mobile molecular
diagnostic laboratory in 2012 to test sputum samples with GeneXpert MTB/RIF (Cepheid, Sunnyvale,
California, USA) on-site [3]. Research data of NK specimens have not been reported, even though Xpert is
one of the rapid molecular diagnostic methods, endorsed by WHO [4, 5].

In this study, we aim to analyze the applicability of Xpert in the stead of pDST  in the sanatoria with EBF
area of in�uence. In a previous report, 947 sputum specimens obtained from 667 patients from 2007 to
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2009 in NK sanatorium were transferred to the Clinical Research Center, Masan National Tuberculosis
Hospital (MNTH) (Figure 1) [6]. Of these specimens, 492 patients were culture positive for TB (73.8%) and
pDST was performed for the bacilli isolated from 489 patients. Over three-quarters of the cases (76.9%)
were MDR-TB.

Methods
All methods were carried out in accordance with relevant guidelines and regulations.

Collection of Cultured Strains

We used cultured strains that had been stored under -80℃ to perform this study. Of the 489 strains
collected and used in the previous study, 103 strains were randomly selected. The 103 strains came from
the three regional groups of NK sanatoria: 62 from the Capital city area, 13 from North Pyongan province,
and 28 from South Pyongan and Hwanghae province (Table 1).

Table 1. The composition of the samples according to their originated sanatoria
  In Previous Study In This Study
  Number of Samples

(n)
Proportion

(%)
Number of Samples

(n)
Proportion

(%)
Capital City area 260 53.2  62 60.2 
North Pyongan

Province
108 22.1  13 12.6 

South Pyongan
and Hwanghae

Province

121 24.7  28 27.2

Total 489 100.0  103 100.0

 
The stored strains were grown in Ogawa medium at 37℃ for 3 weeks then processed by using the TB Ag
MPT64 Rapid kit (Standard Diagnosis Inc, Republic of Korea) to test for M. tb.

GeneXpert

The cultured strains were each applied to a GeneXpert kit according to the manufacturer’s manual.

pDST

The pDST of cultured strain was performed according to the proportional method using Middlebrook
7H10 Agar Base performed at SCL (SCL Inc, Republic of Korea). Critical concentrations were 1.0 /
following WHO’s recommendations.

Rifampicin Resistant Determining Region sequencing

All 103 specimens were target sequenced at the 758 bps of the rpoB gene, which includes a 81 bp that is
a rifampicin resistant determining region (RRDR). Primer sets TGCAGATGGGGCTGATCTACG (forward)
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and ACCCATGTCTCGGTGGATCAG (reverse) were used to amplify the rpoB gene [7].

Using the RRDR gene target sequence as the gold standard, Xpert and pDST results were compared to
determine each of their diagnostic usefulness in categories of consistency, sensitivity, and speci�city. We
also investigated whether the complementary diagnostic test, Xpert, was general enough to use as the
main diagnostic tool for RIF resistance in NK.

Results
Target sequencing vs Xpert

When comparing the Xpert results with the target sequencing results, Xpert had a sensitivity of 94.9%,
speci�city of 88.0% and a concordance rate of 93.2%  (Table 3).

Of the 103 samples target sequenced at the rpoB region, there were 25 wild types and 78 specimens with
some form of mutation as shown in Table 4. The majority of the 78 strains of mutations were common
mutations, but there are several notable mutations that give false-resistant or false-positive results on
Xpert.

1) False-Resistant Strains

The RRDR sequence for the three strains that were false-resistant (FR1, FR2, FR3) had no mutations in
sequencing and did not hybridize with a few of the Xpert target probes (Table 2).

Xpert’s probe D did not hybridize with FR1, probe A and E did not hybridize with FR2 and FR3, and probe C
did not hybridize with FR3.

2) False-Susceptible Strains

The RRDR sequence for the four strains that were false-susceptible (FS) in Xpert had various mutations
located within and outside the Xpert probe target region, one mutation within and three mutations outside
the probe region (Table 2).

FS1 had a mutation at D516Y (GAC/TAC) when sequenced. Xpert's probe B should not have been
hybridized to the location of this mutation, but the FS1 strain was hybridized and the probe B signal was
detected (Figure 2). A similar false susceptible case has been reported in other publication [8].

FS2 had mutations at S522Q (TCG/CAG) within probe C which should not have been hybridized and at
V547V (GTC/GTT) which was outside Xpert’s target probe region when sequenced. The remaining two
strains (FS3, FS4) were identi�ed with an I572F (ATC/TTC) mutation, and also was located outside the
�ve Xpert target probe regions.

Normally these Xpert results would have been regarded as a false-susceptible without further
con�rmation.
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Target sequencing vs pDST

All 103 samples used were diagnosed as positive for tuberculosis by the TB Ag MPT64 test.
Phenotypically, 79 out of 103 samples were RIF resistant and the remaining 24 samples were RIF
susceptible, resulting in a total rate of RIF resistance of 76.7% (Table 3). Comparing the randomly-
selected samples specimens with the previous study showed no signi�cant difference in resistance rates
[6]. When comparing the target sequencing of the 103 samples to their pDST results, the pDST had a
sensitivity of 97.4%, speci�city of 88.0% and a concordance rate of 95.1%.

Xpert vs pDST

Using Xpert, 77 out of 103 samples were RIF resistant and the remaining 26 samples were RIF
susceptible, resulting in a total rate of RIF resistance of 74.8%. When comparing the Xpert results of the
103 samples to their pDST results, Xpert had a sensitivity of 91.1%, speci�city of 79.2% (Table 3). The
agreement rate between pDST and Xpert was 88.3%, which is lower than the previously reported Xpert
performance [9, 10].

Table 2. List of the discrepancy cases comparing Xpert results with rifampicin resistant

determining region sequencing

No. Discrepancies RRDR Sequencing Xpert Description

1 FRa1 WT Resistant Failed hybridize probe D

2 FRa2 WT Resistant Failed hybridize probe A & E

3 FRa3 WT Resistant Failed hybridize probe A, C & E

4 FSb1 D516Y (GAC/TAC) Susceptible Hybridized probe B

5 FSb2 S522Q (TCG/CAG) 
+ V547V (GTC/GTT)

Susceptible Hybridized probe C
+ Outside of probe region

6 FSb3, FSb4 I572F (ATC/TTC) Susceptible Outside of probe region

aFR: False resistant, bFS: False susceptible

 
Table 3. Diagnostical performance of the GeneXpert MTB/RIF, phenotypic DST with rifampicin
resistant determining region which regarded as a gold standard of rifampicin resistance
diagnosis.

    Sequencing
    Resistant Susceptible
    pDST pDST
    Resistant Susceptible Resistant Susceptible

GeneXpert Resistant 72 2 0 3
Susceptible 4 0 3 19
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Table 4. All mutations found in this study
No. Sequencing Results Corresponding

Xpert Probe
Number of Isolates (n)

1 WT N/A 25
2 L511P (CTG/CCG) A 1
3 D516Y (GAC/TAC) B 10
4 D516V (GAC/GTC) B 3
5 D516G (GAC/GGC) B 1
6 Pheinsertion between 513 - 514 (TTCinsertion) B 1
7 N518D (AAC/GAC) B 1
8 S522L (TCG/TTG) C 1
9 H526D (CAC/GAC) D 3

10 H526L (CAC/CTC) D 3
11 H526N (CAC/AAC) D 3
12 H526R (CAC/CGC) D 2
13 H526Y (CAC/TAC) D 2
14 H526C (CAC/TGC) D 1
15 S531L (TCG/TTG) E 16
16 S531L (TCG/TTG) E 3
17 L533P (CTG/CCG) E 16
18 L511P (CTG/CCG) + D516G (GAC/GGC) A + B 1
19 SQFdeletion between 509-515

(TGAGCCAATdeletion) 
A + B 1

20 L511P (CTG/CCG) + H526Q (CAC/CAA) A + D 1
21 L511P (CTG/CCG) + L533M (CTG/ATG) A + E 1
22 T480A (ACC/GCC) + Q513K (CAA/AAA) B + Outsidea 1
23 S522Q (TCG/CAG) + V547V (GTC/GTT) C + Outsidea 1
24 P535L (CCC/CTC) Outsidea 1
25 I572F (ATC/TTC) Outsidea 3
26 V547V (GTC/GTT) Outsidea 1
  Total   103

aOutside: Outside of the Xpert probe regions

 

Discussion
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Generally, pDST is the most conventional resistant detection method used worldwide. However, efforts
are being made to replace pDST with a more time-e�cient method, of which Xpert is a candidate.  Xpert
has a high level of sensitivity and speci�city, its rapid diagnosis of two hours playing a large role in
determining TB cases and RIF resistance. This study veri�ed Xpert’s suitability in being the alternative to
pDST as a diagnostic tool in NK.

 Due to the steadfast reliability of pDST, some people might suggest that it be performed concurrently to
Xpert to decrease the chances of cases in false-susceptibility. While pDST is the standard DST method in
many countries, to perform the test safely, pro�cient medical technicians and a working facility following
international bio-safety standards are needed, both which NK lacks. Of course, there also needs to be a
su�cient supply of anti-TB drugs, and we tentatively make the assumption that NK, as a developing
country, faces the highest di�culty in meeting the large demand for anti-TB drugs when none exist within
the country.

Since EBF reported in using Xpert as a primary source of diagnosis, the molecular test has been analyzed
further in this study to determine its aptitude in replacing pDST as the primary TB diagnostic tool. Xpert's
simplicity and rapidness in decision, alongside simultaneous detection of RIF-resistance with its general
detection of active TB cases should be taken advantage of in the �eld.

The Xpert and pDST results were compared in categories of consistency, sensitivity, and speci�city, using
RRDR sequencing as a gold standard. All 103 samples were target sequenced at RRDR, and as a result
we were able to observe mutations in 78 samples (Table 4). When compared to RRDR sequencing, several
inaccurate Xpert results with notable mutations in specimens were discovered: three falsely resistant
cases (FR1, FR2 and FR3) and four falsely susceptible cases (FS1 to FS4).

Xpert has �ve targets which binds to a section of ropB; if any one of the �ve targets do not hybridize, the
specimen indicates a ‘resistant’ result (Figure 2). The three specimens FR1, FR2, FR3 were cases where at
least one or more probes A, C, D, and E were not hybridized to the specimen. These specimens were
sequenced and revealed as wild types yet did not bind with the Xpert probes (Table 2). Of the four
specimens FS1 to FS4, FS1 had mutations within the Xpert target zone and FS2 to FS4 had mutations
outside the RRDR (Figure 2).

The FS1 mutation at the D516Y (GAC/TAC) and FS2 mutation at the S522Q (TCG/CAG) were cases
where Xpert's probes should not have been hybridized to the location of these mutations, yet probe B and
C’s signals were detected. A similar case has been reported [8]. In addition to S522Q, FS2 had a mutation
at V547V (GTC/GTT) which was located outside the Xpert probe region, a synonymous mutation without
a change in amino acid. FS3 and FS4 (I572F, ATC/TTC) were cases where the mutation was located
outside the Xpert target region. I572F has been reported in several papers noting that it caused RIF
resistance at 8-16 / , but V547V is a novel mutation located within the RRDR but outside the Xpert target
zone (Table 5) [11].



Page 8/12

Besides these mutations, there were several other rare and novel mutations of ropB in this study (Table
5).

Table 5. Rare or novel mutations found in North Korea’s Mycobacterium. tuberculosis isolates
No. Mutations Nucleotide change Amino-acid

change
Description
[References]

1 T480A ACC → GCC Thr → Ala Reported in other
genus [12]

2 Q513K CAA → AAA Gln → Lys Rare mutation
[13-15]

3 N518D AAC → GAC Asn → Asp Similar case
reported [16]

4 P535L CCC → CTC Pro → Leu Not been reported
5 V547V GTC → GTT Val → Val Not been reported
6 Pheinsertion between 513

– 514
TTCinsertion Pheinsertion Similar case

Reported [17]

7 S512Q513F514deletion GAGCCAATTdeletion SerGlnPhedeletion Not been reported

 
T480A has not been reported in M. tb but there has been reports of rifampicin resistance in rpoB in
Staphylococcus aureus [12]. Also, mutations Q513E, Q513K, Q513L, Q513P were found just as in previous
studies, which destabilizes the RIF binding site and affects RIF susceptibility [13-15]. In this study we
found a mutation on the Q513K, one that is not common, but a rare occurrence.

Additionally, this study discovered a N518D mutation, a novel point mutation. A similar case was reported
from the MDR-TB isolates from Brazil, where four codons were deleted at 515 – 518 [16]. The novel
mutations at P535L and V547V are point mutations that have not been reported.

This study also found that the insertion of phenylalanine between 513 and 514, which is the sequence for
the RIF binding site. Another study similarly synthetically inserted amino acid phenylalanine (TTC)
between codons 514 and 515, which caused its RIF MIC to be greater than 32 /  [17].

Finally, this study discovered a three amino acid (Serine, Glutamine, and Phenylalanine) deletion located
from 512 to 514. This mutation has not been reported, but the area is widely known to be related to RIF
resistance.

Conclusions
To conclude, multi-drug resistance is a globally signi�cant issue constantly overhanging in public health;
MDR-TB in particular has many obstacles for treatment, amongst which rapid diagnostic tools and DST
methods are critical. pDST's fundamental bene�cial traits aside, there are constant calls for new methods
that can overcome the constraints of the current standard, which is all different for each country.
Attempts to use whole genome sequencing (WGS) in detecting drug resistance related genetic mutations,
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such as Deeplex-MycTB kit (Genoscreen, Lille, France) is in continual development, yet these methods
have limitations in accessibility, in terms of price and required equipment [18].

Taking these into account, Xpert has the advantage of a �eld diagnostic tool to determine active TB and
RIF resistance, making it the prime tool speci�cally for the TB high burden country of North Korea. A
constant update in the Xpert database and pro�ciency tests to check Xpert’s quality will be needed in the
future.
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Figures

Figure 1

Experimental Scheme of this study
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Figure 2

Sequence of rifampicin resistance determining region, location of Xpert’s target probe, and mutations
discovered in this study
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