
1. Candida species are normal microbiota inhabiting several sites in the

body; oral cavity, vaginal and gastrointestinal tracts. Candida species are

the most common cause of invasive fungal infections (IFI) which are

associated with high morbidity and mortality .

2. Candida albicans ranks the top causative agent of IFI. But infections

due to non-Candida albicans-Candida species have increased

significantly in the past two decades, due to opportunistic pathogens like

Candida glabrata.

3. Candida glabrata is the second/third most common Candida species

causing candidemia or invasive candidiasis in high risk patients.

Significantly higher prevalence of C.glabrata is seen in

immunocompromised patients and patients with previous exposure to

antifungal drugs especially azoles.

4. Echinocandin antifungal drugs includes caspofungin, micafungin, and

anidulafungin and are the first-line therapy for treatment of candidemia.

They inhibit β-(1,3)-D-glucan synthase which is involved in cell wall

biosynthesis and is encoded by three FKS genes. Resistance to

echinocandins has emerged in C. glabrata due to prolonged drug

exposure and is increasing.

5. Amino acid substitutions in hot spot 1 (HS-1) and hot spot 2 (HS-2) of

FKS1 and FKS2 genes are associated with echinocandin resistance.

The most common amino acid substitutions associated with resistance

were noted in HS-1 (like S629P) of FKS1, and HS-1 (like S663P) of

FKS2.

Methods

1. The 75 C. glabrata isolates were obtained from different clinical

specimens which included blood (n=12), urine (n=27), BAL and sputum

(n=11), skin swab (n=6), vaginal swab (n=3) and other specimens (n=16)

(Table 2).

2. Multiplex PCR with DNA from reference strains was done by using

species-specific primers corresponding to C. glabrata, C. nivariensis and

C. bracarensis yielded an amplicon of 212 bp from C. glabrata, 299 bp

from C. bracarensis and 411 bp from C. nivariensis (Fig.1).

3. All 75 isolates were identified as C. glabrata by Vitek2 and also by

mPCR as they yielded an amplicon of 212 bp, which is characteristic of

C. glabrata (Fig. 2).

4. Based on EUCAST breakpoints, 71 (95%) of 75 isolates were 

susceptible showing MICs <0.032 µg/ml whereas 4 (5%) isolates were 

resistant to micafungin (MYC) with MICs >0.032 µg/ml. The MICs for 

amphotericin B (AMP), fluconazole (FLU) and caspofungin (CAS) were 

collected along with (MYC) for comparison purpose (Table 3). 

5. None of the 71 phenotypically susceptible isolates contained a non-

synonymous mutation in HS-1 or HS-2 of both FKS1 and FKS2. 

However, four isolates contained synonymous mutation at codon 

position 625 of FKS1 gene.

6. The HS-1 and HS-2 of both FKS1 and FKS2 were amplified from all 75 

C. glabrata isolates (Fig. 3). The amplicons were purified and sequenced 

with internal primers. DNA sequence data showed that three of four 

isolates phenotypically resistant to micafungin contained a non-

synonymous mutation (S663P) in HS-1 of FKS2 gene while another 

isolate carried a deletion of 3 nucleotides at codon 658 resulting in 

deletion of Phe658 which is next to HS-1 in the same gene (Table 4).

7. All four echinocandin-resistant C.glabrata isolates were found to be 

genotypically distinct strains based on comparisons of concatenated 

sequences of ITS region together with HS-1 and HS-2 of FKS1 and 

FKS2 gene (Fig. 4).
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1. A total of 75 C. glabrata isolates were studied. The isolates were initially

identified phenotypically by Vitek2 system.

2. Identity of the isolates were confirmed by multiplex PCR assay (mPCR)

by using species specific primers that simultaneously detect C. glabrata,

C. nivariensis and C. bracarensis.

3. Molecular identification was also confirmed by sequencing the internal

transcribed spacer (ITS) region & BLAST search was used for species

identification for selected isolates.

4. Antifungal susceptibility testing to micafungin was determined by E-test.

MICs were read after 24hrs and EUCAST breakpoints were followed:

MICs ≤ 0.032µg/ml, susceptible and MICs >0.032µg/ml, resistant.

5. The HS-1 and HS-2 of both FKS1 and FKS2 were amplified by PCR

from 75 C. glabrata isolates and both strands of purified amplicons were

sequenced with internal primers (Table 1). Mutations were detected by

sequence comparisons with reference strain by using Clustal Omega.

6. Molecular relatedness among resistant isolates was determined from

concatenated sequence data from ITS/FKS1/FKS2 by MEGA software.

Period Clinical source
No. of 

isolates

Minimum inhibitory concentration of 

MIC (µg/ml)

Susceptible (%) Resistant (%)

2008-2017 Blood 12 12 (100) 0

2008-2017 Urine 27 23 (85.2) 4 (14.8)

2007-2016 Sputum 8 8 (100) 0

2006-2015 Vaginal swab 3 3 (100) 0

2014-2016 Skin swab 6 6 (100) 0

2014-2016 BAL 3 3 (100) 0

2013-2017 Others 16 16 (100) 0

Total 75

sl. 

no.
Isolate Source

Minimum inhibitory concentration 

in  µg/ml
mPCR

AMP FLU CAS MYC

1 2487/06 vag. Swab 32 256 0.023 0.023 C. glabrata

2 105/13 ET aspire 1 256 0.094 0.008 C. glabrata

3 567/14 urine 0.064 256 0.125 0.023 C. glabrata

4 164/15 urine 0.38 64 0.75 0.125 C. glabrata

5 458/16 urine 0.38 8 0.38 0.5 C. glabrata

6 3554/16 urine 0.094 4 0.75 0.38 C. glabrata

7 2138/17 urine 0.094 24 0.75 0.5 C. glabrata

Gene and hotspot region

sl.no. isolate

clinical 

source FKS1 FKS2

HS-1 HS-2 HS1 HS2

1 2487/06 Vag. Swab wt wt wt wt

2 105/13 ET aspire wt wt wt wt

3 567/2/14 Urine wt wt wt wt

4 164/1/15 Urine wt wt S663P wt

5 458/2/16 Urine wt wt delF658 wt

6 3554/12/16 Urine wt wt S663P wt

7 2138/7/17 Urine wt wt S663P wt

Table 3. Antifungal susceptibility profile of  7 selected C. glabrata isolates

Table 2. Distribution of C. glabrata in different clinical specimens and the

percentage of isolates susceptible or resistant to micafungin.

Table 4: FKS gene sequence results in 7 selected C. glabrata. Mutations in hot 

spot (HS)-1 of FKS2 are marked in bold. 1. Although echinocandin resistance among Candida 

species is rare, its incidence in C. glabrata is increasing 

resulting in clinical failure among infected patients. 

2. Four of 75 (5.3%) C. glabrata isolates were resistant to 

micafungin.

3. Our data also show that all 4 echinocandin-resistant

C.glabrata isolates in Kuwait contained mutations in 

HS-1 of FKS2 which are associated with high-level 

resistance to micafungin and other echinocandins.

4. Rapid detection of FKS mutations will contribute to 

rapid diagnosis of echinocandin-resistant C. glabrata

infection and will help in better management of infected 

patients.

Figure 4. The phylogenetic tree was constructed by using UPMGA method for

micafungin resistant C. glabrata clinical isolates from Kuwait based on the concatenated

sequences of their ITS DNA and FKS genes of HS-1 and HS-2. Numbers on the nodes

branches are bootstrap frequencies (500 replicates).
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Primer name Direction Target Gene
Target 
region

Oligonucleotide sequence Purpose
Product 
size(bp)

CGFKS-1F2 forward FKS1/FKS2 HS1 5'-ATGCCATTRGGTGGTCTKTTCAC-3' PCR ~560

CGFKS-1R1 reverse FKS1/FKS2 HS1 5'-ATRGCAAGYAAATGTTCTCTGTACA-3' PCR 

CGFKS1-1FS forward FKS1 HS1 5’-AAAGTCTACCAGACGTTACGTC-3’ Squencing N. A.

CGFKS1-1RS reverse FKS1 HS1 5’-GGAGTCAAAATAGAAATACCCAAG-3 sequencing N. A.

CGFKS2-1FS forward FKS2 HS1 5’-CAAAAATCAAGTAGAAGATATGTT-3 sequencing N. A.

CGFKS2-1RS reverse FKS2 HS1 5’-AGGAGTTAAGATGGAAATACCTAGA-3 sequencing N. A.

CGFKS-2F2 forward FKS1/FKS2 HS2 5'-GTGAACAAATGTTGTCCCGTGA-3' PCR ~538

CGFKS-2R1 reverse FKS1/FKS2 HS2 5'-GCAAATCTGGAGTAYAAAATKGAFA-3' PCR 

CGFKS1-2FS forward FKS1 HS2 5’-AGGTACACAACTTCCAATTGA-3 Squencing N. A.

CGFKS1-2RS reverse FKS1 HS2 5’-AATCGCTCAACAAAGCAGATGAGT-3 sequencing N. A.

CGFKS2-2FS forward FKS2 HS2 5’-AGGTACACAATTGCCCGTAGA-3 sequencing N. A.

CGFKS2-2RS reverse FKS2 HS2 5’-TGTCACTCAATAGAGCAGCAGAA-3 sequencing N. A.

Table 1: List of the primers with their nucleotide sequences that were used for PCR amplification of HS-1 and HS-2 of FKS1/FKS2 and 

sequencing of amplicons Introduction
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Figure 1. Agarose gel of mPCR of the 

reference strains C.glabrata(CG), 

C.bracarensis(CB), & C.nivariensis(CN)

CG CB CNM

Figure 3. Agarose gel of FKS amplicons of 5 selected isolates for HS-1 

& HS-2 by PCR, lanes 2,4,6,8,10: HS-1 amplicons, lanes 1,3,5,7,9: HS-2 

amplicons 

1 2 3 4 5 6 7 8 9 10 M

Figure 2. Agarose gel of mPCR of 7 selected C.glabrata clinical isolates, 

lanes 1-7 represent C.glabrata (212bp).

1 2 3 4 5 6 7 M

Wt., wild type
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1. Sixty-seven phenotypically identified clinical
strains of A. baumannii, isolated at Al-Sabah,
and Farwaniya hospitals in Kuwait, were
used in this study.

2. Qiagen kits were used to isolate the genomic
DNA from the bacterial cultures, after which
the isolated DNA were quantified by Qubit
fluorometry to be used for multiplex PCR,
ERIC-PCR, 16S rDNA sequencing and
Whole Genome Sequencing using standard
methods.

3. Multiplex PCR was performed with 4 primer
pairs (P-rA1/2, Sp4F/R, P-Ab-ITSF/R, P-
AGS3-F/R), and the PCR products were run
on traditional agarose gels.

4. 16S rDNA sequencing was performed using
MicroSeq 500 16S rDNA kits from Applied
Biosystems.

5. ERIC-PCR product was run on a Bioanalyzer
DNA7500 chip from Agilent to obtain
banding patterns.

6. Whole Genome Sequencing was performed
according to the instructions provided by
Illumina for MiSeq system Nextera kits.

7. The band profiles (in case of multiplex PCR
and ERIC-PCR) and the DNA sequence data
(in case of 16S rDNA and Whole Genome
Sequencing) were analyzed by BioNumerics
software for species identification and
genotyping analysis.

8. Discriminatory indices were calculated using
the online tool
http://insilico.ehu.es/mini_tools/discriminator
y_power/index.php

1. The molecular methods used in this study
confirmed the identity of the isolates as A.
baumannii and suggest genetic heterogeneity among
them.
2. However, the ERIC-PCR showed the maximum
groups/genotypes with highest discriminatory
power.

1. All of the 67 isolates were identified as A. baumannii by multiplex PCR (Fig 1) and 16S rDNA sequencing (Fig 2).

2. The clustering patterns of 16S rDNA (Fig 2), ERIC-PCR (Fig 3), and Whole genome Sequencing single nucleotide polymorphisms (SNP)-
based analyses gave a discriminatory index of 0.37, 0.52, 0.36, respectively (Table 1).

3. Furthermore, ERIC-PCR divided the isolates in maximum number of groups and isolates per group with the highest discriminatory index, at a
value of 0.52 (Table 1).

Figure 2.  Dendrogram based on 16S rDNA 
sequencing

Results
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Acinetobacter baumannii is a rising concern in
the medical field as one of the most dangerous
MDR (multiple drug resistant) opportunistic
bacterial pathogens (ESCAPE pathogens) in
nosocomial settings [1, 2]. The phenotypic
methods for identification and typing of A.
baumannii are unsatisfactory in distinguishing
between A. baumannii and genotypically related
species of the Acinetobacter baumannii-
calcoaceticus complex [3].The objective of this
study was to test the abilities of four PCR based
methods, i.e. multiplex PCR, Enterobacterial
Repetitive Intergenic Consensus (ERIC)-PCR,
16S rDNA sequencing, and Whole Genome
Sequencing, for identification and/or typing of
A. baumannii strains isolated in Kuwait.

Table1. Results of molecular methods for typing of A. baumanni isolates 

Rank Method
Number of 

Groups
Isolates Per 

Group
Discriminatory 

Index

1 ERIC PCR 4 6, 3, 14, 44, 0.52

2
Whole Genome 

Sequencing
5 6, 1, 49, 1, 5 0.36

3
16S rDNA 
Sequencing

3 50, 1, 16 0.37

4 Multiplex PCR 1 67 0

Figure 3. Dendrogram based on ERIC-PCR 
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Figure 1. A gel image of Multiplex PCR
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Introduction

The increasing incidence of multidrug-resistant tuberculosis (MDR-TB i.e. resistant to rifampin and isoniazid the

two most effective anti-TB drugs) is a major challenge in Tuberculosis (TB) control. Kuwait is a low (25/100,000)

TB incidence country and ~1% of Mycobacterium tuberculosis (MTB) strains are MDR-TB. More than 60% of the

country’s population comprises expatriates from TB endemic countries. This study combined analysis of the

predominant mutations conferring resistance to rifampin (RMP), isoniazid (INH), ethambutol (EMB), pyrazinamide

(PZA), and streptomycin (STR) in seven loci (rpoB, katG, inhA, embB, rpsL, rrs and pncA) within MDR-TB strains

in Kuwait. Fingerprinting was done by spoligotyping and combining the sequence data for seven loci.

Methods
1. M. tuberculosis H37Rv was used as reference strain. A total of 131 phenotypically documented MDR M. tuberculosis clinical isolates were tested from 9

Kuwaiti and 79 expatriate newly-diagnosed TB patients during 2006-2017. Fifty fully susceptible M. tuberculosis isolates were also used.

2. Phenotypic drug susceptibility testing (DST) was performed with MGIT 960 system. M. tuberculosis genomic DNA from MGIT 960 liquid cultures was

prepared by heating 1 ml of these cultures with 40 mg Chelex-100 at 95oC for 10 min and the supernatant obtained was used as the source of genomic

DNA.

3. All isolates were identified as MTB by AccuProbe DNA probe and multiplex PCR (mPCR) targeting OxyR-ahpC intergenic region and the variable region

of the rpoB gene.

4. PCR amplification followed by sequencing (ABI genetic analyzer) were performed using gene specific primers based on M. tuberculosis genome of the

examined 7 genes; including three regions of rpoB (N-terminal, cluster II and rifampicin resistance determining region, RRDR) for RMP resistance, katG

codon 315 region and inhA regulatory region for INH resistance, embB (codon 306, 406 and 497 regions) for EMB resistance, rpsL and 500 and 900

regions of rrs for STR resistance and pncA for PZA resistance.

5. Fingerprinting was performed by spoligotyping and multi-locus concatenation. Spoligotyping kit was used following manufacture instructions. The 43

spacers between direct repeats in the target region were amplified using biotinylated primers and PCR products were hybridized to a membrane and

visualized by chemiluminescence. Spoligotypes were identified by SITVIT2 and phylogenetic tree was constructed by using MIRU-VNTRplus software.

Concatenated sequences of the seven genes were used to construct phylogenetic tree by MEGA7 software.

Results
1. All isolates were identified as M. tuberculosis by AccuProbe DNA probe assay and mPCR amplification of two

DNA fragments of 473 bp and 235 bp, as expected (data not shown).

2. The DST results by MGIT 960 showed that 45/131 isolates were resistant to RMP and INH only, 5/131 were

additionally resistant to EMB, 40/131 were additionally resistant to STR and 41/131 were resistant to all four

(RMP, INH, STR and EMB) anti-TB drugs. The remaining 50 isolates were fully susceptible M. tuberculosis

strains.

3. All 50 pan-susceptible strains contained wild-type sequences in rpoB, katG, inhA, embB, rrs, rpsL and

pncA genes. Combined results of gMTBDRplus assay and PCR-sequencing detected rpoB and katG

mutations in 100% (131/131) and 97.7% (129/131) of MDR-TB isolates respectively. The most frequent

mutations were rpoBS531L in 71.7% (n= 94) and katGS315T in 81.6% (n=107) isolates (Table 1).

4. PCR-sequencing of embB306, embB406 and embB497 regions of embB gene showed that 81.6% (n=107) of MDR-TB

isolates had EMB resistance conferring mutations and 24 isolates showed wild type sequence. The most frequent

mutations were at embB306 in 67.2% (n= 72) of the isolates. DST by MGIT 960 detected EMB resistance in only

35% (n= 46) of the tested isolates, thus MGIT 960 incorrectly reported 46.5% (61/131) of EMB susceptibility results

for MDR-TB strains.

5. Of 81 STR-resistant MDR-TB isolates, PCR sequencing identified rpsL mutations in 77.7% (n= 63) isolates. PCR-

sequencing of rrs gene detected mutations in 10 isolates, however, 5 isolates contained rrs mutation in addition to

rpsL mutation. PCR-sequencing could not identify STR-resistance in 13 MDR-TB strains which were reported as

STR-resistant by MGIT 960. This may be due to mutations in other genes such as gidB (Table 2).

6. PZA-resistance conferring mutations in pncA were scattered along the whole gene. PCR-sequencing identified

pncA mutations in 55.3% (n= 73) of MDR-TB isolates. The majority of pncA mutations were nonsynonymous

single nucleotide substitution (43/73). Thirteen pncA mutations were novel (Table 3). DST for PZA was not

available for all MDR-TB isolates, as the drug is active at pH 5.6 but many M. tuberculosis isolates do not grow

at a low pH.

7. Fingerprinting analysis was performed on a single MDR-TB isolate from each TB patient; nine were Kuwaiti

nationals and 79 non-nationals. Spoligotyping successfully assigned 77 of 88 MDR-TB isolates to specific shared

international type (SIT) according to SITVIT database. Only 11 isolates showed unique patterns that were not

found in database (orphan patterns). Beijing genotype was most common (28/77) followed by T and CAS families

in 15 isolates each. Furthermore, Spoligotype-based dendrogram clustered 69 MDR-TB isolates in 16 clusters and

19 isolates represented unique patterns (Figure 1).

8. Phylogenetic analysis by concatenated sequences of seven genes was more discriminatory than spoligotyping

where 51 MDR-TB isolates had a distinct pattern and 37 isolates grouped in 14 clusters (Figure 2).

9. Interestingly, 16 isolates in 6 multi-locus-based clusters (I, II, III, IV, V and VI) were also clustered by

spoligotyping and isolated from TB patients within a span of less than 2 years. These clusters may represent

missed cases of local transmission of MDR-TB in Kuwait. Cluster I, III, V and VI included MDR-TB isolates

from non-nationals which could not be followed for contact tracing since expatriate patients were sent back to

their countries. Cluster II and IV included MDR-TB isolates from Kuwaiti TB patients, however, the index case

could not be ascertained due to difficulties in reaching patients history information (Table 4).

Table 1. Rifampin and Isoniazid resistance conferring mutations among 131

MDR M. tuberculosis and 50 pansusceptible M. tuberculosis isolates.

No. of MTB 

isolates

Rifampin resistant mutations Isoniazid resistant mutations

rpoB katG inhA

50 WT WT WT

75 S531L S315T WT

11 S531L WT ̶ 15C/T

7 D516V S315T WT

4 S531W S315T WT

3 M515I and D516Y S315T WT

3 H526R S315T WT

2 H526Y S315T WT

2 H526D WT ̶ 15C/T

2 H526Y S315T ̶ 15C/T

2 S531L WT WT

3 V146F S315T WT

2 Q513K S315T WT

2 Q513K S315N WT

3 S531L S315T ̶ 8T/A

1 S531L S315T ̶ 17G/T

2 H526D S315T WT

1 Q513P S315T WT

2 H526Y WT ̶ 15C/T

1 Q513E S315T WT

1 S531L S315T ̶ 15C/T

1 S531L S315T ̶ 8T/C

1 D516G and H526Q S315T WT

Table 2. Streptomycin resistance conferring mutations among 131 MDR M.

tuberculosis and 50 pansusceptible M. tuberculosis isolates.

No. of MTB isolates rrs 500 and 900 regions rpsL

50a WT WT

44 WT K43R

1 WT K43T

7 WT K88R

5 WT K88T

1 WT K88M

1 C517T K88T

3 C602A K88R

1 C527T K43R

2 A514C WT

1 C517T WT

1 G878A WT

1 A906G WT

13b WT WT

50c WT WT

a; Pan-susceptible MTB isolates, b; STR-resistant MTB isolates by MGIT 960 only
c; STR- susceptible isolates by both PCR sequencing and MGIT 960

Table 3. Pyrazinamide resistance conferring mutations among 131 MDR M.

tuberculosis isolates.

No. of isolates Mutation in pncA Amino acid change

1 -7 T to C None (regulatory region)

18 -11 A to G None (regulatory region)

1 ATG01CTG* M01M

2 GAC12GGC D12G

2 GAC12GCC D12A

1 CTG35CCG L35P

2 GAA37AAA* E37K

1 CAC51CGC H51R

1 CCG54CTG P54L

1 Del 56 'T' * Frame shift

3 CCG62CTG P62L

2 GAC63GCC D63A

2 ACT76CCT T76P

1 TTC94CTC F94L

7 GGT97GTT * G97V

1 GAG111TAG E111STOP

1 GAT136GGT* D136G

4 GTG139GCG V139A

1 GTG139GGG V139G

1 GTG155GCG V155A

2 CTG159CCG L159P

3 ACC167ATC * T167I

2 ATG175ATT* M175I

1 ACC177CCC* T177P

2 GTC180TTC* V180F

4 Ins 193 'A' Frame shift

1 Ins 210 'T' * Frame shift

1 Ins 390 'GGT'* Extra codon

2 Ins 453 'T' * Frame shift

2 -15 A to C + GTG130GCG* -15 A to C + V130A

58 Wild-type sequence None

Conclusions
1. The results of this study illustrate a high diversity of mutations conferring resistance to anti-TB drugs in MDR-TB

isolates in Kuwait. The frequency of occurrence of rpoBS531L, katGS315T, embB306 and rpsL43 associated with the

high level resistance to RMP, INH, EMB and STR, respectively. High frequency of these mutations also indicate low

fitness cost on mycobacterial cells.

2. Phenotypic methods remain the gold standard for DST for anti-TB drugs. However, our results support molecular

testing for detecting EMB resistance and PZA resistance in MDR-TB isolates when accurate susceptibility results are

needed.

3. Although Kuwait is a low TB incidence country and only 1% of M. tuberculosis isolates were MDR-TB, there are

different MTB lineages circulating in the area and the majority of them within expatriate population. Beijing family was

predominant among MDR-TB strains which is mainly associated with high level of drug resistance and low fitness cost

such as rpoB531, katG315, embB306 and rpsL43. This is consistent with increasing association of this family with drug

resistance.

4. Retrospective molecular fingerprinting studies identified six potential cases of local transmission of MDR-TB involving

2-5 subjects (including 5 Kuwaiti patients) which had escaped detection by routine surveillance studies. Our data show

that prospective detection of resistance conferring mutations may in future identify possible cases of local transmission

of MDR-TB which could alert infection control personnel to perform contact tracing.

5. The major proportion of tuberculosis in low-burden settings results from remote infection, where the incident disease

result from infection acquired several years ago. Infection in a minority of individuals will progress to disease few to

several years later due to latency of this unique infection. This could explain the time difference in year of isolation of

TB cases within six clusters.

* novel mutations not reported in the literature.

Table 4. Detailed information on the six genotypic clusters identified by identical spoligotyping pattern and concatenated sequence.

Cluster Strain No.
Year of 

isolation
Sex/Age Nationality

Drug resistance 

Patterns
SIT MTB Family

Cluster I
KM14-58 2014 M/28 Nepali SIRE 1 Beijing

KM14-69 2014 M/31 Indian SIRE 1 Beijing

Cluster II

KM08-501 2008 M/18 Kuwaiti SIRE 1 Beijing

KM08-502 2008 M/17 Kuwaiti SIRE 1 Beijing

KM09-207 2009 M/36 Indian SIRE 1 Beijing

Cluster III
KM14-67 2014 F/22 Ethiopian IR 149 T3_ETH

KM15-21 2015 F/28 Ethiopian IR 149 T3_ETH

Cluster IV

KM11-503 2011 M/23 Kuwaiti SIRE 1 Beijing

KM14-56 2014 M/23 Kuwaiti SIRE 1 Beijing

KM15-13 2015 F/22 Kuwaiti SIRE 1 Beijing

KM15-26 2015 NA/M Kuwaiti SIRE 1 Beijing

KM17-02 2017 29/M Kuwaiti SIRE 1 Beijing

Cluster V
KM16-32 2016 55/M Egyptian IR 19 EAI-Manilla

KM17-01 2016 31/F Filipino IR 19 EAI-Manilla

Cluster VI
KM07-231 2007 42/M Indian SIR Orphan

KM07-252 2007 27/M Syrian IR Orphan

Figure 1. UPGMA tree representing spoligotype patterns, shared international

types (SIT) and MTB family based on the presence (▪) or absence (▫) of 43 spacers

between direct repeat region of 88 MDR M. tuberculosis isolates by MIRU-

VNTRplus database.

Figure 2. UPGMA tree based on multi-locus concatenation of the seven analyzed

genes, rpoB, katG, inhA, embB, rrs, rpsL, pncA) of 88 MDR M. tuberculosis isolates

by MEGA7 software. Six clusters I, II, III, IV, V and VI.

I, isoniazid; R, rifampicin; S, streptomycin; E, ethambutol; M, Male; F, Female; NA, Not available
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