Early detection of Pre-XDR TB with line probe assay in a high TB burden country
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Abstract

Background - Worldwide, tuberculosis (ITB) is one of the top 10 causes of death. Drug resistant tuberculosis has lately become
a major public health problem that threatens progress made in Tuberculosis (ITB) care and control worldwide. The aim of this
study was to determine the prevalence of Pre-extensive drug resistant TB among MDR TB in North Central of Nigeria.
Methods - This study was conducted from October, 2018 to August, 2019 with 150 samples. In Nigeria, guidelines for DR-TB
as recommended by WHO is followed. All the samples from the patients who gave their consent were transported to a zonal
reference TB laboratory (ZRL).

Results - Mean age was 38.6 + 13.4 years with peak age at 35-44. Out of these 103 samples processed with LPA, 101(98%) were
rifampicin resistant and 2 were rifampicin sensitive, 99(96%) were INH resistant and 4 (4%) were INH sensitive, 5(5%) were
fluoroquinolone resistant, 98(95%) were fluoroquinolone sensitive, 12 (12%) were Aminoglycoside + Capreomycin resistant,
91(83%) were Aminoglycoside + Capreomycin sensitive.

Conclusion - Multidrug resistant TB and its severe forms (Pre-extensive & extensively drug resistant TB) can be detected eatly
with rapid tool- Line Probe Assay rapid and prevented timely by eatly initiation on treatment.
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IntroductiOfl . World Health Organization (WHO) estimated that one
Before the discovery of Mycobacterium by Robert Koch 124 0¢ the world’s population approximately 2 billion

in 1882, tub'erculom.s was §een a§ dlsea'se of the vampires. people are infected with Mycobacteria tuberculosis'. Effective
Tuberculosis (TB) is an infectious disease caused by a

bacterium called Mycobacterium tuberculosis (MTB). It wide-
ly affects the lungs but can also affect other parts of the
body. Signs and symptoms of TB may relate to the organ
that is affected. However the general signs and symptoms
of Pulmonary TB (TB that affects the lungs) and extra
pulmonary TB (TB that affects other parts of the body)

treatment of active TB is achieved with combinations of

several antibiotics. Drug resistance of tuberculosis (TB)

develops when TB survives in the presence of drug ther-
2

apy”.

TB developed resistance to first line therapies that existed

since 1950 and thus resulted to the growing emergence

] _ } _ of Multidrug-resistant (MDR), Pre-extensive drug-resis-

are fever, chills, night sweats, loss of appetite, weightloss, . (Pre-XDR) and extensively drug-resistant (XDR) TB,

and fatigue. Because TB is an airborne, its transmission 14 drug-resistant TB (MDR-TB) is TB that does not

rate is high. However it is preventable, treatable and cur- respond to at least isoniazid and rifampicin, the 2 most

able. powerful anti-TB drugs. Pre-extensive and extensively
Corresponding athor: drug resistant tuberculosis are severe forms of Multidrug
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the organism, multidrug transporters, host genetic fac-
tors, and HIV infection. However in another study, it
was revealed that XDR TB resulted majorly by molec-
ular means and the researchers suggested that acquisi-
tion of resistance rather than transmission accounts for
high prevalence of multidrug resistance.” Mode of drug
resistance by the bacterium include production of drug
modifying enzymes, barrier mechanisms and drug inac-
tivating enzymes, drug extrusion mechanisms, enhanced
efflux and drug Target (gene mutations altering the shape
& functions thereby modifing target, over-expression of
gene).

It is estimated that 3.9% of all new TB cases and 21%
of previously treated TB cases developed MDR-TB in
2015 globally and approximately 250,000 out of the cases
(580,000) died from the disease. * Nigeria was listed by
WHO as one of the countries with a high burden of TB,
TB/HIV, MDR TB. With a notification rate of 103.9 per
100,000 population and a with declined mortality rate, TB
and MDR TB incidence still remains high. DR TB pa-
tients in Nigeria who comprise of new cases (65%) and
retreatment cases (88%) were placed on treatment.” The
prompt detection/management of the patients and oth-
er factors resulted to 77% successful treatment rate. The
World Health Organization (WHO) in 2008 approved
Line Probe Assay (LPA) as a rapid test for the diagnosis
of tuberculosis and Rifampicin resistance. In May 2010,
WHO issued new recommendations on the use of LPA
to detect resistance to second-line anti-TB drugs (SLL-
PA) to help in placement of patients on shorter MDR
TB regimen. This recommendation was after Foundation
for Innovative Diagnostics presented a positive outcome
of projects carried out in South Africa using Line Probe
Assay. In 2018, Nigeria started the second line LPA for
eligibility testing for shorter MDR TB regimen.

Aim & Obijectives

The aim of this study was to determine the prevalence
of Pre-extensive drug resistant TB among MDR TB in
North Central of Nigeria with the objectives to:

Collect samples, process and analyze

Study the susceptibility/resistance pattern of the anti TB
drugs

Research Questions

Will the prevalence of Pre-XDR TB be as high as MDR
TB?

African Health Sciences, Vol 21 Issue 3, September, 2021

What will the pattern of Pre-XDR TB resistance be for
different age groups?

Methodology Study design and study population
This was a prospective study of prevalence of Pre-exten-
sive drug resistant tuberculosis among MDR-TB patients
from 5 Drug Resistant TB treatment centres in North
central zone of Nigeria using Line Probe Assay (Hain
Lifescience, Nehren, Germany). This study was conduct-
ed from October, 2018 to August, 2019 with 150 samples.
In Nigeria, guidelines for DR-TB as recommended by
WHO is followed. All the samples from the patients who
gave their consent were transported to a zonal reference
TB laboratory (ZRL). The zonal reference laboratory is a
recognized for its contribution to national/internation-
al TB researches as well as to national TB control and
prevention. The National TB Control Program mapped
states that feed into this zonal reference laboratory, con-
sequently samples are shipped from the different states to
ZRL. It runs microscopy, Phenotypic (Lowenstein-Jen-
sen & liquid culture/DST) and genotypic culture (Genex-
pert, LPA, fluorotype, Genedrive). Al MDR-TB patients
both female and male of all age groups that were Rifam-
picin resistant by Genexpert at the first point of testing
were included. Patients who gave consent were included.
All LPA results that were invalid and did not correspond
with conventional culture were excluded. All contaminat-
ed cultures were also excluded. Permission to conduct
the study using the treatment centers was granted by the
National TB program. Written informed consent was ob-
tained from all patients at the time of enrolment into the
study.

Conventional 1] drug susceptibility testing (DST) Con-
ventional 1% proportion phenotypic drug susceptibility
testing (DST) on Lowenstein Jensen (L]) medium was
performed. All samples were tested for resistance to the
two major first line anti TB drugs -isoniazid (0.2ug/ ml),
rifampin (40ug/ml) and second line drugs- kanamycin
(20ug/ml), ofloxacin (2ug/ml), amikacin (30ug/ml), ca-
preomycin (40ug/ml). All procedures were carried out
according to the National Standard operating procedure
(SOP) for L] Culture/DST

LPA

LPA is based on PCR amplification of rpo B (RIF), katG
and the promoter of inhA (INH), gyrA and gyrB (FLQ),
and rrs and the promoter of eis (KAN, AMK, CAP) and
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subsequent detection of mutations through hybridization
to probes immobilized to a nitrocellulose membrane. °

DNA extraction for LPA

A chemical DNA extraction method (Genolyse kit from
Hain Lifescience, Germany) was used to extract DNA
from the concentrate. Manufacturer’s instruction was
strictly followed to get the DNA extracts. Polymerase
chain reaction (PCR) was performed using using 35 pL
of primer nucleotide mix, 10 pL. of Taq DNA poly-
merase-PCR buffer mix and 5 pl. of supernatant in a
final volume of 50 uL.. Amplification was done in a ther-
mal cycler. Reverse hybridization was performed using
Twincubator. Genotype MTBDRplus kit instruction was
strictly followed to find out any deletion in wild-type gene
loci and mutation in rpoB (RNA polymerase B subunit),
Kat G (catalase peroxidase) and inhA (inoyl coenzyme A
reducatse) loci.

Amplification and hybridization

Amplification was done following preparation of MTB-
DR plus and MTBDRsl primers and addition of DNA
extracts. 10ul of Amplification mix A and 35ul of Ampli-
fication mix B (Hains), 5ul of molecular grade water, 5ul
of sample (DNA extract). All LPA procedures including
amplification and hybridization for direct clinical speci-
mens were performed according to the manufacturer’s
instructions and National SOP.

Quality Control

M. tuberculosis H37Rv was used as quality control (QC)
for both L] Culture/DST and LPA methods. The QC
strain was a known pan susceptible strain and replicated
in the results of the methods used in this study.

Data analysis

Data were analysed with Graph pad prism (version 3) &
Statistical Package for Social Sciences (SPSS) versions
24.0. The proportion of Pre-XDR TB among the study
population was calculated. All significant variables were
analysed with results expressed as odds ratios (OR) with
95% confidence Interval (CI). For all statistical analysis, a
p value of < 0.05 was considered significant.

Results

A total of 150 patients that met the inclusion criteria for
selection of study population were enrolled. We excluded
6 contaminated conventional L] cultures and 12 invalid
LPA and analyzed 103 results. One hundred and three
LPA results that corresponded with conventional L] cul-
ture/DST were analyzed. Table 1 represents the charac-
teristics of the patients. Out of 103 patients, the frequen-
cy (%): sex-female was 53 (51.5) and frequency (%) sex:
male was 50 (48.5). The mean age was 38.6 * 13.4 years
with peak age at 35-44.

Table 1: Characteristics of study population

Gender Frequency (%)
Male 50
Female 53
Age

15-24 13
25-34 26
35-44 41
45-54 7
>55 16
HIV status

Positive 39
Negative 71
Location

FCT 10.7
Benue 39.8
Kogi 21.4
Nasarawa 19.4
Niger 8.7
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Out of these 103 samples processed with LPA, 101(98%)
were rifampicin resistant and 2 were rifampicin sensitive,
99(96%) were INH resistant and 4 (4%) were INH sensi-
tive, 5(5%) were fluoroquinolone resistant, 98(95%) were
fluoroquinolone sensitive, 12 (12%) were Aminoglycoside
+ Capreomycin resistant, 91(83%) were Aminoglycoside

+ Capreomycin sensitive. With L] proportional DST, all
the 103(100%) were rifampicin resistant and INH resis-
tant, 7 (7%) were fluoroquinolone resistant, 96(93%) were
fluoroquinolone sensitive, 9(9%) were Aminoglycoside +
Capreomycin resistant, 94(91%) were Aminoglycoside +
Capreomycin sensitive (Table 2).

Table 2: Concordance between LPA and culture

LPA N (%) LJ proportion DST [N (%)
RIF resistant 101 (98) RIF resistant 103 (100)
RIF sensitive 2(2) RIF sensitive 0(0)
INH resistant 99 (96) INH resistant 103 (100)
INH sensitive 4(4) INH sensitive 0(0)
FLQ resistant 5(5) FLQ resistant 7(7)
FLQ sensitive 98 (95) FLQ sensitive 96 (93)
AG + Cap resistant 12 (12) AG + Cap resistant 99
AG+ Cap sensitive 91(83) AG + Cap sensitive 94 (91)

RIF-Rifampicin, INH-Isoniazid, FLQ-Fluoroquinolone, AG+Cap-Aminoglycoside + Capreomycin

Five (5%) of the 103 patients were resistant to fluoro-
quinolone, 4% were resistant to KAN/AMK/CAP, 11%
were resistant to KAN/CAP/VIO, 1% showed resistance
to KAN/AMK/CAP/VIO, 78% wete pan susceptible to
both fluoroquinolone and injectables and 100% were re-
sistant to both Isoniazid and rifampicin. Twenty-one cas-
es of Pre-XDR TB were detected, resulting to prevalence
of 20.5% (Table 3). Table 4 showed Pre-XDR TB detect-

TABLE 3: Susceptibiliey T

ed among the age groups as follows: 15-24 years (3%),
25-34 years (6%), 35-44 years (8%), 45-54years (1%) and
255 (3%). The frequency of mutation for rpof was WT
8, MUT2B (4), MUT 2B4), WT 7 (5), WT 7, MUT3(4),
WT 8, MUT3 (20), WT8 (7), WT 3, WT4 (5), MUT 2B,
MUT3 (4), WT (4). inhA was WT (10), Kat G was WT
(12) and WT MUT 1(15). Frequency of mutation for sec-
ond line anti TB drugs were WT'1, WT2 (9) and WT1 (4)
for rrs; WT 1, WT2 (2), WT1 (1) for eis; WT 1, WT2,
WT3 (3), WT3 (2) for gyrA (Table 5).

Patteen of anti TH dreg using LPA

[FLD |SLD -
Category |INH RF FLO IKARAMRICAR  |KANCARAVIO AN AMIUCARAD ILOVY LEVEL KAN|Total
Pabent 1 |R R R B 5 B [& 4,
Paberd 2 |R R 5 n 3 {5 {3 A
Paburd 1 (R R 3 3 R (5 {3 1
Pabeni 4 |R R 5 | 5 R | |
Patent 5 |R i -3 5 5 5 B B
|

FLO-Fst Ling Drug. INHHsonand, RIF-Réampecn, FLOF keomaquincione F-*-‘-'N-H-Wliwvjtn'ﬁ-r'lu:ﬂ Capreomyan, KANCAPVIO-
Kanamyen CapraomyeinViomyein, KANAWKCAPAI- anamycn/Amikasn Cagraomyein/\imytn
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Table 4: Age distribution of Pre-XDR TB

Pattern of resistance (RIF, INH & SLD)
Age RR, R,R, S,R,S,S.S R,R,S,S,R,S, R,R, S,S,S,R,S R,R,S,S,S.,S,S
R,S,S, S
S,S
15-24 | 1 2 0 0 10
25-34 10 2 4 0 20
35-44 |3 0 5 0 34
45-54 | 0 0 1 0 5
>55 1 0 1 1 11
RIF-Rifampicin, INH-Isoniazid, SLD-Second Line Drug (Fluoroquinolone,
Kanamycin/Amikacin/Capreomycin, Kanamycin/Capreomycin/Viomycin,
Kanamycin/Amikacin/Capreomycin/Viomycin)
TABLE 5 Regions of mutation observed with LPA
FLD (RIF, INH) |
ane hegquency [Gane frequancy Gena hraguan
pof_____ _{mhA __|KatG .
| NT 8. MUT2E 4WT2 10|WT 12
MUT 28 4 WT. BUTH 15
WT T 5
(W 7,073 |
NT 8, MUT3 20
¥ 7
I'."."T 3. WT4 &
[MUT 28, MUT3 4
WT Il
SLO
G frequency Gene TrequencyGena frequ Genae freque
{rra aig A
Iﬂi W2 FIWT1, WT2 2IWT 1, W12, WT3 3
WT1 4WT1 1[WTa 2
FLD-First Ling Drug, RIF-Rifampécin, MH-soniand, SLO-Second Ling Drug
Discussion (2015). The resistance observed with the drugs could be

This study was conducted to determine the prevalence
of pre-XDR-TB cases among Drug Resistant TB sus-
pects in North Central zone of Nigeria. To confirm the
performance of LPA, we assessed its concordance with
L] proportional Drug Susceptibility Testing which is the
gold standard. The LPA showed 98% concordance with
L] proportional DST and this agrees with 96% concor-
dance report 14. The DST pattern showed that majority
of the pre-XDR TB patients were resistant to the fluoro-
quinolone and one of the high level injectables (KAN/
CAP/VIO) which is similar to a study done by Elisa et al.,
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attributed to the direct alteration of rrs, the shared target
via the A1401G mutation is known to confer unequivocal
cross-resistance to all three drugs . The prevalence of
20.5% as revealed in this study is similar to studies done
in Nigeria, Bangladesh, South Africa and China where the
detection of pre-XDR-TB among MDR-TB patients was
21%, 16.2%, 14.0% and 34% respectively *''. It is also
consistent with prevalence of 16.7% reported among
MDR TB patients in South Western zone of Nigeria '
Reason for this the high prevalence is presumed to be
related to high burden of MDR TB in these countries.
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This study reported high rate of prevalence of Pre-XDR
TB with age groups 15-44 years which is consistent with
other studies done in India, Nigeria and Ethiopia that
reported higher rate of pre-XDR-TB cases among age
groups 18-25 years, 15-29 years, 15-34 years respectively
14 The high rate of this severe form of DR TB in the
active age groups might be due to frequent movement, in-
creased outdoor contact and higher case notification due
to greater health awareness among this group of adult. In
this study, peak age group was found to be 35-44 years
which is different from the reports of some studies with
a peak age group of 10-25 years and 25-44 years. ™' The
reason for the difference could be due to the different age
intervals chosen in the studies (wide age ranges chosen in
the Malaysian and Pakistan studies). However the report
of this study is consistent with WHO report of higher
frequencies among ages of 25-34 and 35-44 years."’

The frequency of mutation for rifampicin conferred by
rpof was WT 8, MUT2B (4), MUT 2B (4), WT 7 (5), WT
7, MUT3 (4), WT 8, MUT3 (20), WT8 (7), WT 3, WT4
(5), MUT 2B, MUT3 (4), WT (4). Multiple mutations
occurred more than single mutations and also more at
WT 8, MUT 3. Among various mutations observed using
LPA, majority of the drug resistant isolates had multiple
mutations for Rifampicin resistance. These multiple mu-
tations are believed to be more probable in high TB inci-
dence places. The frequency of mutation for rifampicin
conferred by Kat G and inhA occurred more at WT (12);
WT MUT 1(15) and WT (10) respectively. Mutation was
seen more with Kat G which is consistent with KatG was
WT (12) and WT MUT 1(5). This is similar to the result
of studies where most of the isoniazid resistance isolates
had mutation in KatG than the in inhA gene. **' The
isoniazid resistance commonly associated with KatG has
been found to be the case in many high TB burden coun-
tries due to ongoing transmission of the strain.

Conclusion

Nigeria is highly burdened with TB, MDR TB and TBHIV
with a high prevalence of Pre-extensive drug resistant TB
among the MDR TB group. Multidrug resistant TB and
its severe forms (Pre-extensive & extensively drug resis-
tant TB) can be detected early with rapid tool- Line Probe
Assay rapid and prevented timely by early initiation on
treatment. The gold standard from the range of mod-
erate to high is thus a good screening tool for the rapid

African Health Sciences, Vol 21 Issue 3, September, 2021

detection of resistance to second-line anti-TB drugs in
countries with high burden of MDR TB.

Conflict of interest
None declared.

References

1. World Health Organization (2020). Global Tuberculo-
sis Report. Retrieved from https://apps.who.int/iris/bit-
stream/handle/10665/336069/9789240013131-eng,pdf.
2. Nugent R, Back E, Beith A. The race against drug
resistance: A report of the Center for Global Develop-
ment’s Drug Resistance Working Group. 2010. August
19, 2010. http://www.cgdev.org/content/publications/
detail/ 1424207/ Reference list.

3. Mlambo CK, Warren RM, Poswa X, Victor TC, Duse
AG, Marais E. (2008). Genotypic diversity of extensive-
ly drug-resistant tuberculosis (XDR-TB) in South Africa.
International Journal of Tuberculosis & Lung Disease. 12(1):99-
104

4. Tembo and Malangu BMC (2019). Prevalence and fac-
tors associated with multidrug/rifampicin resistant tubet-
culosis among suspected drug resistant tuberculosis pa-
tients in Botswana. Infections Diseases 19:779 https://doi.
org/10.1186/s12879-019-4375-7.

5. World Health Organization (2017). Global Tubercu-
losis Report. Retrieved from https://wwwwho.int/tb/
publications/global_report/gtbr2017_main_text.pdf.

6. Molina-Moya Barbara, Abdurrahman Saddiq T, Lau-
ra I Madukaji, Michel Kiréopori Gomgnimbou, Lizania
Spinasse, Meissiner Gomes-Fernandes, Harrison Mag-
dinier Gomes, Sarah Kacimi, Russell Dacombe, John S
Bimba, Lovett Lawson, Christophe Sola, Luis E Cuevas,
Jose Dominguez. (2018). Genetic characterization of My-
cobacterium tuberculosis complex isolates circulating in
Abuja, Nigeria. Infection and Drug Resistance. Volume 11.
1617-1625. 10.2147 /IDR.S166986.

7. Heyckendorf, Jan & Andres, Sonke & Koser, Claudio
& Olaru, Ioana Diana & Schoén, Thomas & Sturegard,
Erik & Beckert, Patrick & Schleusener, Viola & Kohl,
Thomas & Hillemann, Doris & Moradigaravand, Danesh
& Parkhill, Julian & Peacock, Sharon & Niemann, Stefan
& Lange, Christoph & Merker, Matthias. (2017). What is
resistance? Impact of phenotypic versus molecular drug
resistance testing on multi- and extensively drug-resistant
tuberculosis therapy. Antimicrobial Agents and Chemo-
therapy. 62. AAC.01550-17. 10.1128/AAC.01550-17.

973



isoniazid-resistant Mycobacterium tuberculosis isolates
from Northwestern Russia, 1996-2001. Antimicr Agents
Chem. 2002, 46:1417-1424.

8. Gehre, E, Otu, J., Kendall, L., Forson, A., Kwara, A.,
Kudzawu, S., Kehinde, A. O., Adebiyi, O., Salako, K.,
Baldeh, 1., Jallow, A., Jallow, M., Dagnra, A., Dissé, K.,
Kadanga, E. A., Idigbe, E. O., Onubogu, C., Onyejepu,
N., Gaye-Diallo, A., Ba-Diallo, A., ... Antonio, M. (2016).
The emerging threat of pre-extensively drug-resistant
tuberculosis in West Africa: preparing for large-scale tu-
berculosis research and drug resistance surveillance. BMC
Medicine, 14(1), 160. https://doi.org/10.1186/s12916-
016-0704-5

9. Tasnim, T., Ta-rafder, S., Alam, EM., Sattar, H.
and Mos-tofa Kamal, S.M. (2018) Pre-Extensively Drug
Resistant Tuberculosis (Pre-XDR-TB) among  Pulmo-
nary Multidrug Resistant Tuberculosis (MDR-TB)
Patients in Ban-gladesh. Journal of Tuberculosis Research,
6, 199-206. https://doi.org/10.4236/jtr.2018.63018.

10. Banerjee R, Allen J, Westenhouse J, Oh P, Elms W,
Desmond E, Nitta A, Royce S, Flood ]. Extensively
drug-resistant tuberculosis in california, 1993-2006. Clin
Infect Dis. 2008 Aug 15;47(4):450-7. doi: 10.1086/590009.
PMID: 18616396.

11. Hu, Y, Xu, L., He, Y. L, Pang, Y., Lu, N., Liu, J.,
Shen, J., Zhu, D. M., Feng, X., Wang, Y. W, & Yang, C.
(2017). Prevalence and Molecular Characterization of
Second-Line Drugs Resistance among Multidrug-Resis-
tant Mycobacterium tuberculosis Isolates in Southwest
of China. BioMed Research International, 2017, 45638206.
https://doi.org/10.1155/2017/4563826.

12. Olusoji Daniel, Eltayeb Osman, Olanrewaju Oladi-
meji and Olapade Gbolahan Dairo (2013). Pre-Exten-
sive Drug Resistant Tuberculosis (Pre-XDR-TB) among
MDR-TB Patents in Nigeria. Global Advanced Research Jour-
nal of Microbiology (ISSN: 2315-5116) Vol. 2(2). Available
online http://gatj.org/garjm/index.htm

13. Adwani S, Desani DU, Joshi MJ. (2016). Prevalence of
Pre-Extensively Drug-Resistant Tuberculosis (Pre XDR-
TB) and Extensively Drug-Resistant Tuberculosis (XDR-
TB) among Pulmonary Multidrug Resistant Tuberculosis
(MDR-TB) at a Tertiary Care Center in Mumbai. Journal
of Krishna Institute of Medical Sciences University. 5:13 — 19.
14. Shibabaw A, Gelaw B, Gebreyes W, Robinson R,
Wang S-H, Tessema B (2020) The burden of pre-exten-

974

sively and extensively drug-resistant tuberculosis among
MDR-TB patients in the Amhara region, Ethiopia. PLoS
One 15(2): €0229040. https://doi.org/10.1371/journal.
pone.0229040.

15. Ullah, I., Javaid, A., Tahir, Z., Ullah, O., Shah, A. A,
Hasan, F,, & Ayub, N. (2016). Pattern of Drug Resistance
and Risk Factors Associated with Development of Drug
Resistant Mycobacterium tuberculosis in Pakistan. PLoS
One, 11(1), €0147529. https://doi.org/10.1371/journal.
pone.0147529.

16. Lomtadze, N., Aspindzelashvili, R., Janjgava, M.,
Mirtskhulava, V., Wright, A., Blumberg, H. M., & Salakaia,
A. (2009). Prevalence and risk factors for multidrug-re-
sistant tuberculosis in the Republic of Georgia: a popu-
lation-based study. The International Journal of ‘Tuberculosis
and Lung Disease: the official Journal of the International Union
against Tuberculosis and Lung Disease, 13(1), 68—73.

17. World Health Organization (2019). Global Tubercu-
losis Report. Retrieved from http://apps.who.int/iris/
bitstream/handle/10665/329368/9789241565714-eng.
pdfrua=1.

18. Dahal, B., Adhikari N., Shah Y., Simkhada R., Ma-
harjan B., and Shrestha B. (2013). “Evaluation of Gen-
otype MTBDR plus Assay for identifying Multidrug Re-
sistant Mycobacterium tuberculosis isolates in Nepal,”
Janaki Medical College Jonrnal of Medical Science, vol. 1, no.
1, pp. 30-37.

19. Marahatta SB, Gautam S, Dhital S, Pote N, Jha AK,
Mahato R, Mishra S, Poudel BH, Ramasoota P, Kaewkung-
wal ], Singhasivanon P. katG (SER 315 THR) gene mu-
tation in isoniazid resistant Mycobacterium tuberculosis.
Rathmandn Univ Med ] IKUM]J). 2011 Jan-Mar;9(33) 19-23.
doi:10.3126/kumj.v9i1.6256. PMID: 22610803.

20. Ajay Poudel, Chie Nakajima, Yukari Fukushima, Ha-
ruka Suzuki, Basu Dev Pandey, Bhagwan Maharjan, Ya-
suhiko Suzuki. (2012). “Molecular characterization of
multidrug-resistant Mycobacterium tuberculosis isolated
in Nepal,” Antimicrobial Agents and Chemotherapy, vol. 56,
no. 6, pp. 2831-2830.

21. Sharma, Bijay & Bhandari, Shiva & Maharjan, Bhag-
wan & Shrestha, Bhawana & Banjara, Megha. (2014).
Rapid Detection of Rifampicin and Isoniazid Resistant
Mycobacterium tuberculosis Using Genotype MTBDR
plus Assay in Nepal. International Scholarly Research Notices.
2014. 1-6. 10.1155/2014/648294.

African Health Sciences, Vol 21 Issue 3, September, 2021



