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Abstract

Background

The emergence of pre-extensively and extensively drug-resistant tuberculosis (Pre-XDR/

XDR-TB) is the major hurdle for TB prevention and care programs especially in developing

countries like Ethiopia. The less emphasis on universal access to laboratory techniques for

the rapid diagnosis of TB and drug susceptibility testing (DST) makes the management of

MDR-TB a challenge. Early detection of second line anti-TB drugs resistance is essential to

reduce transmission of Pre-XDR/XDR-TB strains and adjusting the treatment regimen in

MDR-TB.

Objective

To determine the prevalence and resistance pattern of Pre-XDR- and XDR-TB among

MDR-TB patients in the Amhara region, Ethiopia.

Methods

A cross sectional study was carried out in nine MDR-TB treatment centers in the Amhara

region. Sputum samples were collected from all pulmonary rifampicin resistant (RR) or

MDR-TB patients prior to anti-TB treatment. Löwenstein-Jensen (LJ) culture, Ziehl Neelsen

(ZN) smear, MTBDRplus and MTBDRsl assays were performed according to the standard

procedures. Data were analyzed using SPSS 20 software. Chi-square and/or Fishers exact

test was employed.
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Results

Overall, 6.3% of MDR-TB isolates were resistant to at least one second line drugs. Pre-

XDR-TB and XDR-TB isolates accounted 5.7% and 0.6% respectively. Moreover, 3.4%

were resistant to FQs and 3.4% were resistant to second line injectable drugs. All isolates

were susceptible for low level kanamycin. Almost all pre-XDR-TB strains (90%) were previ-

ously treated with anti-TB drugs. Drug resistant Mycobacterium tuberculosis isolates were

disproportionately distributed in districts of the Amhara region and the majorities were con-

centrated in urban areas.

Conclusions

The high proportion of MDR-TB patients resistant to at least one second line drug is alarm-

ing. Strengthening the laboratory facilities to monitor pre-XDR and XDR-TB patients is cru-

cial. The TB programs need to give emphasis on the effective and rational use of second

line drugs for newly diagnosed MDR-TB patients to prevent the emergence of pre-XDR/

XDR-TB strains.

Introduction

The emergence of multidrug-resistant tuberculosis (MDR-TB) and extensively drug-resistant

tuberculosis (XDR-TB) is a global public health crisis. MDR-TB is defined as TB strains resis-

tant to at least two first line drugs, rifampin (RIF) and isoniazid (INH). Pre-extensively drug

resistant TB (Pre-XDR TB) is defined as MDR-TB strain that is resistant to either fluoroquino-

lones (FQ) or second line injectable drug but not both. XDR-TB is defined as MDR-TB strain

that is resistant to any FQs and one of the second line injectable drugs (capreomycin, kanamy-

cin or amikacin) [1].

The latest Global TB Report estimates that 3.4% new and 18% of previously treated persons

with TB diagnosed in 2018 were RR/MDR-TB. In 2018, approximately 484,000 people devel-

oped RR/MDR-TB globally. Globally, 6.2% MDR-TB cases were estimated to have XDR-TB in

2018 [2]. Ethiopia currently ranks 3rd in Africa in TB incidence and among the 30 high burden

countries with high incidence of TB, TB/HIV and MDR-TB. Furthermore, the rate of RR/

MDR-TB was 2.7% and 14% among new and previously treated cases respectively, and four

XDR-TB cases were reported in Ethiopia [2, 3].

Drug-resistant strains of Mycobacterium tuberculosis arise due to spontaneous chromo-

somal mutations at a low frequency, but one study revealed that selection pressure that is

caused by inappropriate utility of anti-TB drugs results in the emergence of drug resistant TB

[4]. Resistance to first and second line anti-TB drugs has been linked to mutations of genes:

KatG and inhA for isoniazid resistance, rpoB for rifampicin resistance; gyrA and less frequent

gyrB for FQ resistance; rrs and eis promoter region for aminoglycosides (amikacin/kanamy-

cin); rrs and tlyA for capreomycin resistance [5, 6].

A person can get drug resistant TB through primary direct transmission and secondary due

to inadequate TB treatment for extended duration of time. Pre-XDR and XDR-TB patients are

usually treated with regimens that include group V drugs (clofazimine, linezolid, high dose

INH, bedaquiline, delamanid) as they are usually resistant to most of the effective drugs and

treatment outcome in these patients is poor [7].

Pre-XDR and XDR-TB among MDR-TB patients in Ethiopia
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FQ is the most effective second line ant-TB drug and recommended for the treatment of

MDR-TB [8]. MDR-TB patient treatment is further complicated due to FQ resistance (Pre-

XDR-TB), that lead to longer duration of treatment, limited treatment options and results in

poor outcome [9]. The early detection of Pre-XDR/XDR-TB could guide clinicians in the

appropriate adjustment of MDR-TB treatment regimen with effective drugs to prevent treat-

ment failure.

The geographic distribution of the disease varies worldwide, as well as within countries,

due to poverty and other risk factors [10, 11]. Delayed DST before MDR-TB diagnosis could

result in further transmission of drug resistant TB strains and use of inappropriate regimen

containing SLDs would increase the risk of resistance to SLDs [12].

The global incidence of FQ resistance among RR/MDR-TB cases was 21% according to

WHO 2019 TB report [2] but unfortunately, till date limited data are available on prevalence

of Pre-XDR-TB worldwide, including Ethiopia. Exposure to second line drugs for the treat-

ment of respiratory tract infections other than TB contribute to evolution of resistance to these

drugs and delays diagnosis of TB [13–15].

The use of geographical information system (GIS) [16], is important to show the geographi-

cal distribution of strains, locate hotspots of the disease and related ecological factors of drug

resistant TB in high TB burden countries like Ethiopia. Therefore, second line drugs are rou-

tinely used in the country and it is important to determine the prevalence and resistance pat-

tern of FQs and second line injectable drugs at baseline among MDR-TB isolates and show the

distribution of these strains at district level.

Materials and methods

Study setting and design

A cross sectional study was conducted from January 2016 to September 2018 at nine MDR-TB

treatment center hospitals in the Amhara region (Fig 1).

All pulmonary RR/MDR-TB patients or patients who failed treatment of first line drug

(FLD) who were 15 years of age or older and admitted in MDR-TB treatment centers were eli-

gible for enrollment in the study. Extra-pulmonary RR/MDR-TB patients and those pulmo-

nary MDR-TB patients who started second line drugs (SLDs) during data collection were

excluded. In Ethiopia, drug resistance TB diagnosis has been carried out using GeneXpert

MTB/RIF assay, genotypic and phenotypic drug susceptibility testing (DST). However, these

tests are only available at a few referral health facilities or institutions for detection of RR/

MDR-TB. Once the patient is diagnosed with RR/MDR-TB or has history of prior TB, they

will be referred to the nearby MDR-TB treatment center health facilities for admission and

treatment initiation with SLDs. Demographic, clinical and laboratory data including HIV tests

were collected. In addition, the zonal, district and kebele of each study participants were

registered.

Specimen collection, processing and laboratory analysis

Five to 10 ml of sputum samples were collected into a sterile 50 ml falcon tube at baseline and

all specimens were stored at -20˚C until transported to University of Gondar Hospital TB cul-

ture (UoGH-TBCL) or Amhara Public Health Institute (APHI) TB laboratory using cold

chain. Sputum samples were decontaminated using N-Acetyl L-cysteine- Sodium Hydroxide

(NALC-NaOH) solution and neutralizing by phosphate buffer. Centrifuge the mixture and

then the sediment was inoculated on LJ slant and incubated at 37˚C for 8 weeks. Smears were

prepared from each sediment and stained with ZN stain [17]. All positive LJ culture results

were confirmed using MPT64 antigen method (Capilia TB) [18] and ZN smear microscopy.
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DNA extraction and drug susceptibility testing

The bacterial DNA from culture or decontaminated pellets were extracted using GenoLyse1

DNA extraction kit. DNA extraction was performed as per the manufacturer’s instructions.

Finally, the supernatant DNA solution was used for PCR or stored at -20˚C until used. The

master mix preparation, amplification, hybridization and detection steps were performed

according to the manufacturer’s instruction. Molecular DST was performed using Geno-

Type1MTBDRplus version 2 kit strips (to detect RIF and INH resistance) and GenoType1

MTBDRsl version 2 kit strips (to detect FQs and aminoglycosides/peptide resistance) accord-

ing to the manufacturer’s instructions (Hain Lifescience GmbH, Nehren, Germany). M. tuber-
culosis strain H37Rv (ATCC 27294) was used as sensitive control for each batch of DST

procedure and known resistant strains were also used for each new kits.

Fig 1. Geographical location of the study area and RR/MDR-TB treatment center hospitals in the Amhara region.

https://doi.org/10.1371/journal.pone.0229040.g001
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HIV testing

HIV test was done on whole blood using rapid HIV test algorithm of the Federal Ministry of

Health of Ethiopia (KHB/STAT-PAK1/Unigold™ or Wantai/Uni-Gold/Vikia). The test was

done at the Provider Initiative Counseling and Testing (PICT) services of the respective health

institutions.

Statistical analysis

Data were entered using Epi-Data version 3.1 and exported to SPSS version 20 (SPSS Inc., Chi-

cago, Illinois, USA) for analysis. Data completeness and consistency was checked by running

frequencies of each variable. Chi-square (χ2) or Fisher’s exact test, theoretical frequency less

than five, was used to identify potential risk factors for development of drug resistant and p

value < 0.05 was considered statistically significant. GPS (geographical positioning system)

coordinates: longitude, latitude and altitude of each study participants and RR/MDR-TB treat-

ment center hospitals location were collected and recorded using mobile GPS essential soft-

ware (version 4.4.25 android) and Google Earth pro 7.3.2 software. Geo-locations were

recorded on notebook and MS excel spreadsheet. The map location of DR-TB patients were

constructed using ArcGIS 10.2.2 software to show the distribution of strains at district level.

Ethical approval

The study protocol was approved by University of Gondar Ethical review board (Ref. No: O/

V/P/RCS/05/19/2016) and permission letter was obtained from all study sites. Demographic

and clinical data, and sputum samples were collected after obtaining written and/or oral

informed consent from each study participants, and parent/guardian for those who were

under age of 18 years old. Data confidentiality was maintained using secret codes for each

participants.

Results

Demographic and clinical characteristics

A total of 216 pulmonary TB patients resistant to RIF based on GeneXpert RIF resistance

detected or with history of treatment failure were included in the study. Of 216 patients, five

were identified as non-tuberculosis mycobacteria (NTM) and were excluded from further

analysis. The median age of the participants was 30 years (IQR: 24–42) and 63% were between

15–34 years age group. The majority of the study participants were males 63%, literate 62.1%)

and urban dwellers 54%. Among the 211 participants, 64.5% were previously treated for TB

disease, 25.6% were TB/HIV co-infected and 14.2% had contact history with RR/MDR-TB

patient. One hundred twenty nine (61%) patients had positive sputum smear results. Eighty

(38%) of the patients were admitted and followed their treatment at the University of Gondar

referral hospital and 38.4% of the patients were living in North Gondar zone (Table 1).

Resistance to INH and RIF

Among the 211 samples, 164 specimens were positive on LJ culture, 44 specimens yielded no

growth and three specimens were contaminated. Of 211 isolates, 206 were RIF resistant by

GeneXpert. Among 211 samples, 200 samples had interpretable results for first line drug resis-

tance, and 11 were uninterpretable (6 invalid and 5 indeterminate) using line-probe assay kit

and were excluded from the analysis. The DST result of 200 isolates demonstrated that 93%

(186) isolates were RIF resistant and 7% (14) were susceptible using MTBDRplus assay (5

patients were treatment failure and 9 patients were RIF resistant by GeneXpert). In addition,
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Table 1. Demographic and clinical characteristics of study participants in the Amhara region (N = 211).

Characteristics Category n (%)

Previous ant-tuberculosis treatment Yes 136 (64.5)

No 75 (35.5)

Previous contact with RR/MDR-TB patients Yes 30 (14.2)

No 181 (85.8)

Family history of tuberculosis Yes 35 (16.6)

No 176 (83.4)

HIV status Positive 54 (25.6)

Negative 157 (74.4)

Sex Male 133 (63)

Female 78 (37)

Age group, years 15–24 58 (27.5)

25–34 75 (35.5)

35–44 33 (15.6)

45–54 30 (14.2)

�55 15 (7.1)

Residence Urban 114 (54)

Rural 97 (46)

Educational status Literate 131 (62.1)

Illiterate 80 (37.9)

Sputum ZN smear score Negative 82 (38.9)

Scanty (1–9 AFB/100 fields) 12 (5.7)

1+ (10–99 AFB/100 fields) 40 (19)

2+ (1–10 AFB/field) 23 (10.9)

3+ (>10 AFB/field) 54 (25.6)

RR/MDR-TB treatment center Hospitals University of Gondar Hospital 80 (37.9)

Boru Meda Hospital 34 (16.1)

Woldia Hospital 22 (10.4)

Ataye District Hospital 18 (8.5)

Finote Selam Hospital 17 (8.1)

Metemma Hospital 16 (7.6)

Debre Bbirhan Hospital 9 (4.3)

Debre Tabor Hospital 8 (3.8)

Debre Markos Hospital 7 (3.3)

Zonal location in the Amhara region North Gondar 81 (38.4)

South Wollo 29 (13.7)

North Shewa 24 (11.4)

West Gojjam 21 (10)

North Wollo 20 (9.5)

South Gondar 11 (5.2)

Agew Awi 9 (4.3)

Oromia Special 7 (3.3)

East Gojjam 5 (2.4)

Wag Hemra 2 (0.9)

Other region� 2 (0.9)

� Afar and Tigray region

RR: Rifampicin resistance; MDR-TB: Multi-drug resistant tuberculosis

https://doi.org/10.1371/journal.pone.0229040.t001
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88.5% (177) and 11.5% (23) of isolates were resistant and susceptible to isoniazid, respectively.

Overall, 87% (174) of isolates were confirmed as MDR-TB, 6% (12) were RIF mono-resistant,

2% (3) were INH mono-resistant and 6% (11) were susceptible for both RIF and INH using

MTBDRplus assay. Of 174 MDR-TB patients, 63% (110) were previously treated with anti-TB

drugs and 37% (64) were new cases. Thirty eight (22%) MDR-TB cases were HIV-positive.

Resistance to second line drugs

Twenty six isolates were non-MDR-TB and were susceptible for second-line anti-TB drugs

tested, and 174 isolates were MDR-TB strains. Among MDR-TB strains, 11 (6.3%; 95% CI:

2.9–10) were resistant to at least one second-line drugs. From 174 isolates, five (3.4%; 95% CI:

1–6) were resistant to FQs, 5 (3.4%; 95% CI: 1.1–6.2) were resistant to second line injectable

drugs and one isolate was resistant for both FQs and second line injectable drugs. All of the

isolates were susceptible for low level kanamycin. All MDR-TB patients had not been previ-

ously exposed to SLDs in the form of anti-TB therapy.

Among the 174 MDR-TB cases, the prevalence of pre-XDR TB was 10 (5.7%; 95% CI: 2.3–

9.7) and XDR TB was 1 (0.6%; 95% CI: 0–2.3) at baseline before initiation of second line drug

treatment. From 10 pre-XDR TB strains, 90% (9) were previously treated with anti-TB drugs,

and one was from new cases. In addition, one XDR-TB was among new cases (Table 2).

Among 11 strains with resistance to at least one SLD, 72% (8) isolates were found from

patients in the age group of 15–34 years. More than half of resistant strains (6/11) were found

from urban dwellers.

Distribution of drug resistant TB at district level

A total of 108 districts found in the Amhara region but DR-TB or treatment failed cases were

occurred in 67 districts in the region during the study period (two cases were out of the

region). The highest number of DR-TB cases were reported in districts of urban areas, Gondar

(19 cases, 9%), Metemma (14 cases, 7%), Bahir Dar (9 cases, 4%) and Dessie (8 cases, 4%). Two

Pre-XDR-TB cases were found in Dessie and the others were distributed in eight districts, and

XDR-TB was found in Dawa Harewa district, Oromia special zone. The map shows the distri-

bution of drug resistant TB cases in the Amhara region at district level (Fig 2).

Table 2. Resistance to anti-TB drugs among new and previously treated RR/MDR-TB cases (N = 200).

Drug resistance pattern New cases (n = 71)

n (%)

Previously treated cases (n = 129)

n (%)

Susceptible for both INH and RIF 5 (7) 6 (4.7)

RIF mono-resistance 1 (1.4) 11 (8.5)

INH Mono resistance 1 (1.4) 2 (1.6)

MDR-TB 62 (87.3) 101 (78.3)

MDR-TB + FQs 0 5 (3.9)

MDR-TB + KAN/CAP/VIO 0 1 (0.7)

MDR-TB + KAN/AMK/CAP 0 1 (0.7)

MDR-TB + AMK/KAN/CAP/VIO 1 (1.4) 2 (1.6)

MDR-TB + FQs + SLI 1 (1.4) 0

RIF: Rifampicin; INH: Isoniazid; MDR-TB: Multi-drug resistant tuberculosis; FQs: Fluoroquinolones; KAN:

Kanamycin; AMK: Amikacin; CAP: Capreomycin; VIO: Viomaycin; SLI: Second line injectable drugs

https://doi.org/10.1371/journal.pone.0229040.t002
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Discussions

Early detection of SLDs resistance have a key importance to optimize treatment regimen com-

position and to direct infection control measures to block transmission of RR/MDR-TB. The

high levels of second-line resistance are major causes of concern globally, especially in resource

limited countries like Ethiopia and have important implications for the use of short treatment

regimens, new therapeutic agents and introduction of new rapid diagnostic tools.

All study participants were initiated treatment with SLD regimen based on WHO and Ethi-

opia National protocol. The WHO defines GeneXpert RIF resistance as a prognostic marker

for MDR-TB. From 14 RIF susceptible strains, 5 were obtained from treatment failure and 9

were RIF resistant by GeneXpert but susceptible by MTBDRplus assay. Our study was sup-

ported by other study that GeneXpert MTB/RIF assay incorrectly assigned RIF resistance in

31% of cases and MDR-TB may be over-diagnosed resulting suboptimal treatment regimens

[19]. But, this discordant result needs to be checked by the gold standard phenotypic DST

methods in order to know which molecular test is incorrect.

Fig 2. Distribution of drug resistant M. tuberculosis cases among the districts of Amhara region, Jan, 2016- Sept, 2018 (n = 209).

https://doi.org/10.1371/journal.pone.0229040.g002
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In addition, FLD treatment failure patients were initiated for SLD treatment due to resistant

to the most potent anti-TB drug, INH although they were susceptible to rifampicin. The clini-

cians should select appropriate anti-TB treatment regimen via DST at baseline, especially use

of high dose INH for treatment of INH susceptible RR-TB strains to improve the management

and treatment outcome of patients. Furthermore, improved infection prevention and control

strategy is mandatory in RR/MDR-TB treatment centers/ facilities during treatment follow up

as healthcare facilities could serve as the sites for the spread of drug resistant TB [20].

The rate of pre-XDR and XDR-TB in our study were 5.7% and 0.6%, respectively. Com-

pared to our findings, majority of studies reported higher rate of pre-XDR TB in India (56%),

China (34%), Pakistan (24%), Bangladesh (16%), Nigeria (17%) and South Africa (17%) [21–

25]. The high rate of pre-XDRTB in China, India and other countries compared to our study

might be connected to the fact that China and India have the highest rate of MDR-TB in the

world and a better laboratory setup and resources for the isolation of drug resistant strains.

Identification of pre-XDR TB patients will assist clinicians to monitor these patients closely

and prevent the progression to XDR-TB which is more difficult to treat and poor treatment

success.

Moreover, our finding of XDR-TB is similar with the study conducted in Ethiopia (1%),

Pakistan (2%), Thailand (0.38%) and Iran (0.2%) [26–28]. Higher rate of XDR-TB were

reported among MDR-TB patients in multi-center study in eight countries (6.7%), Estonia

(5.2%), India (11%), Vietnam (6%), India (4.85%), Poland (6.4%) and Addis Ababa (4.4%) [21,

29–34]. Acquired SLD resistance was defined as any SLD whose status changed from suscepti-

ble at baseline to resistant at follow up [35]. This could be due to the fact that most of the study

areas are considered as the highest burden of TB/MDR-TB in addition to the variation on the

study area population, geographical location and time of sputum samples collection which can

be collected after initiation of second line drugs. An MDR-TB cohort study in Georgia on DST

of SLDs at baseline and every third month showed that 14% (9.1% for FQs, 9.8% for KAN/

CAP and 9.9% for XDR-TB) of follow up positive cultures for M. tuberculosis isolates have

acquired drug resistance [35].

Based on our observation in the Amhara region, some patients with MDR-TB initially sus-

ceptible to SLDs at baseline were found to be resistant to at least one SLD after 3 months of

MDR-TB treatment initiation but this result was not included in our study.

Among 10 pre-XDR-TB isolates, 90% were previously treated with first line drug for active

TB disease although not statistically significant (p = 0.07). This variation in drug resistance pat-

terns of MDR-TB isolates is due to mutational heterogeneity in mycobacterial genes associated

with anti-TB drug resistance [36], and also could be due to transmission from person-to-per-

son and de novo evolution of resistance. WHO suggested that treatment decisions should be

guided based on the patient’s clinical history and recent surveillance data in settings with lack

of SLDs DST [37].

The incidence of FQs resistance was 3.4% (6/174) in our study. This finding is similar with

other studies reported in Delhi (7.5%), Pakistan (7%) and Zimbabwe (2%) [38–40]. The inci-

dence of second line injectable drugs resistance was 3.4%. Several other studies have found

much higher rate of FQs resistance in MDR-TB patients, reported as 10%, 13%, 24%, 35% and

57% [41–45]. The increase in FQ resistance might be due to extensive prescription of FQs for

treatment of respiratory and other bacterial infections and easy accessibility in some areas

even available in local drug markets without prescription. A strict regulatory policy for FQs

dispensing by prescription only would decrease misuse of the drug and decrease the emer-

gence of DR-TB.

In our study, approximately 65% of MDR-TB cases were previously treated. One XDR-TB

patient was among the new MDR-TB cases. This finding might indicate a significant public

Pre-XDR and XDR-TB among MDR-TB patients in Ethiopia

PLOS ONE | https://doi.org/10.1371/journal.pone.0229040 February 13, 2020 9 / 13

https://doi.org/10.1371/journal.pone.0229040


health threat given that there could be a progressive drug resistant strain transmission in the

population. Therefore, this finding could be an important indicator for the health care system

in the Amhara region and in Ethiopia to design and implement a more effective TB treatment,

diagnostic, and prevention and control programs.

The present study found a higher number of RR/MDR-TB (63%) cases among 15–34 years

of age group. Moreover, 70% (7/10) of pre-XDR-TB cases were among 15–34 years of age

group (p = 0.318). This finding is consistent with other studies done in India and Nigeria that

reported higher rate of pre-XDR-TB cases among the young adult groups, with age groups 18–

25 years and 15–29 years, respectively [21, 22]. This higher rate of DR-TB in the active age

groups might be due to frequent movement, increased outdoor contact and higher case notifi-

cation due to greater health awareness among young adults.

Furthermore, more than half of the RR/MDR-TB and also pre-XDR/XDR-TB cases lived in

urban settings especially in Gondar, Metemma and Bahir Dar cities. This finding is supported

by previous report in central and southwest Ethiopia that patients who live in urban area are

more likely to have DR-TB due to overcrowding/ slum areas that favor transmission of TB [46,

47] and also may be due to urbanization, high inequalities to health service access and quality

of care (homeless, migrants, alcohol abusers and illegal drug users) and ecological factors. Pre-

vious study supports that high temperature and low altitude areas increases the TB incidence

[48, 49].

We found that DR-TB was disproportionately distributed in districts of the Amhara region.

At zonal level, 39% of cases were found in north Gondar zone which borders with Tigray

region and Sudan. The possible explanation for this could be that there were frequent cross-

border population movements from the neighboring border areas Tigray region and Sudan

for economic and social reasons, which could favor the disease transmission in these areas.

Transmission in border areas was supported by other study in Poland [50], and establishing a

cross-border collaboration network might be help to reduce the disease burden in these areas.

The control of DR-TB depends on early diagnosis of resistance, appropriate therapy, improve

patient’s awareness for TB treatment, and interrupting transmission chains. Therefore, future

TB prevention, care and management efforts in these areas should focus on strengthening

health care infrastructure, increase laboratory capacity for early diagnosis and treatment, mon-

itoring of individuals with TB symptoms and for baseline SLDs DST. Utilization of DOTS and

DOTS-Plus strategy in the use of SLDs and increasing community awareness are also crucial.

Conclusions

In conclusion, the rate of at least one second line drug resistance among MDR-TB patients is

alarming in the region. Conducting DST at the baseline is recommended for RR/MDR-TB

patients to monitor and evaluate the pre-XDR and XDR-TB patient status during the treat-

ment course to ensure clinical improvement and adjust treatment regimen to prevent treat-

ment failure and also reduce its transmission to the community in the study area and the

country at large. Further study is warranted to explore the role of various ecological factors on

the observed high distribution of DR-TB and identify transmission network in the community

using molecular epidemiological methods to locate hotspots for targeted interventions.
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7. Palmero D, Montaner PG, Cufré M, Garcı́a A, Vescovo M, Poggi S. First Series of Patients With XDR

and Pre-XDR TB Treated With Regimens That Included Meropenen-clavulanate in Argentina. Arch

Bronconeumol. 2015; 51(10):e49–e52. https://doi.org/10.1016/j.arbres.2015.03.012 PMID: 26026689

8. Malik S, Willby M, Sikes D, Tsodikov OV, Posey JE. New insights into fluoroquinolone resistance in

Mycobacterium tuberculosis: functional genetic analysis of gyrA and gyrB mutations. PLoS One. 2012;

7(6):e39754. https://doi.org/10.1371/journal.pone.0039754 PMID: 22761889

9. Smith SE, Ershova J, Vlasova N, Nikishova E, Tarasova I, Eliseev P, et al. Risk factors for acquisition of

drug resistance during multidrug-resistant tuberculosis treatment, Arkhangelsk oblast, Russia, 2005–

2010. Emerg Infect Dis. 2015; 21(6):1002–11. https://doi.org/10.3201/eid2106.141907 PMID:

25988954

10. Glaziou P, Sismanidis C, Floyd K, Raviglione M. Global epidemiology of tuberculosis. Cold Spring Har-

bor perspectives in medicine. 2015; 5(2):a017798.

11. Touray K, Adetifa IM, Jallow A, Rigby Jan, Jeffries D, Cheung YB, et al. Spatial analysis of tuberculosis

in an urban west African setting: is there evidence of clustering? Trop Med Int Health. 2010; 15(6):664–

72. https://doi.org/10.1111/j.1365-3156.2010.02533.x PMID: 20406427

12. Chen Y, Yuan Z, Shen X, Wu J, Wu Z, Xu B. Resistance to Second-Line Antituberculosis Drugs and

Delay in Drug Susceptibility Testing among Multidrug-Resistant Tuberculosis Patients in Shanghai.

BioMed Research International. 2016;2016:http://dx.doi.org/10.1155/2016/2628913.

Pre-XDR and XDR-TB among MDR-TB patients in Ethiopia

PLOS ONE | https://doi.org/10.1371/journal.pone.0229040 February 13, 2020 11 / 13

https://doi.org/10.1016/S0140-6736(06)69573-1
http://www.ncbi.nlm.nih.gov/pubmed/17084757
https://doi.org/10.1007/s00204-016-1727-6
http://www.ncbi.nlm.nih.gov/pubmed/27161440
http://www.ncbi.nlm.nih.gov/pubmed/19861002
https://doi.org/10.1016/j.arbres.2015.03.012
http://www.ncbi.nlm.nih.gov/pubmed/26026689
https://doi.org/10.1371/journal.pone.0039754
http://www.ncbi.nlm.nih.gov/pubmed/22761889
https://doi.org/10.3201/eid2106.141907
http://www.ncbi.nlm.nih.gov/pubmed/25988954
https://doi.org/10.1111/j.1365-3156.2010.02533.x
http://www.ncbi.nlm.nih.gov/pubmed/20406427
http://dx.doi.org/10.1155/2016/2628913
https://doi.org/10.1371/journal.pone.0229040


13. Dooley KE, Golub J, Goes FS, Merz WG, Timothy SR. Empiric treatment of community-acquired pneu-

monia with fluoroquinolones, and delays in the treatment of tuberculosis. Clin Infect Dis. 2002; 34

(12):1607–12. https://doi.org/10.1086/340618 PMID: 12032896

14. Hogan CA, Puri L, Gore G, Pai M. Impact of fluoroquinolone treatment on delay of tuberculosis diagno-

sis: a systematic review and meta-analysis. J Clin Tuberc Other Mycobact Dis. 2017; 6:1–7. https://doi.

org/10.1016/j.jctube.2016.12.001 PMID: 31723692

15. Emmerson AM, Jones AM. The quinolones: decades of development and use. J Antimicrob Chemother.

2003;51(suppl_1):13–20.

16. Law DCG, Serre ML, Christakos G, Leone PA, Miller WC. Spatial analysis and mapping of sexually

transmitted diseases to optimise intervention and prevention strategies. Sex Transm Infect. 2004; 80

(4):294–9. https://doi.org/10.1136/sti.2003.006700 PMID: 15295129

17. World Health Organization. Laboratory Service in Tuberculosis Control: Part II. Microscopy. Geneva,

Switzerland; WHO Press;. 1998.

18. Shen GH, Chen CH, Hung CH, Wu KM, Lin CF, Sun YW, et al. Combining the Capilia TB assay with

smear morphology for the identification of Mycobacterium tuberculosis complex. Int J Tuber Lung Dis.

2009; 13(3):371–6.

19. Van Rie A, Mellet K, John MA, Scott L, Page-Shipp L, Dansey H, et al. An evaluation of the Xpert MTB/

RIF assay and detection of false-positive rifampicin resistance in Mycobacterium tuberculosis. Diagn

Micr Infect Dis 2012; 74:207–9.

20. Manson AL, Abeel T, Galagan JE, et al. Mycobacterium tuberculosis whole genome sequences from

southern india suggest novel resistance mechanisms and the need for region-specific diagnostics. Clin

Infect Dis. 2017; 64:1494–501. https://doi.org/10.1093/cid/cix169 PMID: 28498943

21. Adwani S, Desani DU, Joshi MJ. Prevalence of Pre-Extensively Drug-Resistant Tuberculosis (Pre

XDR-TB) and Extensively Drug-Resistant Tuberculosis (XDR-TB) among Pulmonary Multidrug Resis-

tant Tuberculosis (MDR-TB) at a Tertiary Care Center in Mumbai. Journal of Krishna Institute of Medical

Sciences University. 2016; 5:13–9.

22. Daniel O, Osman E, Oladimeji O, Dairo OG. Pre-Extensive Drug Resistant Tuberculosis (Pre-XDR-TB)

among MDR-TB Patents in Nigeria. Global Advanced Research Journal of Microbiology. 2013; 2:22–5.

23. Mlambo CK, Warren RM, Poswa X, Victor TC, Duse AG, Marais E. Genotypic diversity of extensively

drug-resistant tuberculosis (XDR-TB) in South Africa. Int J Tuberc Lung Dis. 2008; 12(1):99–104.

PMID: 18173885

24. Tasnim T, Tarafder S, Alam FM, Sattar H, Kamal SM. Pre-Extensively Drug Resistant Tuberculosis

(Pre-XDR-TB) among Pulmonary Multidrug Resistant Tuberculosis (MDR-TB) Patients in Bangladesh.

Journal of Tuberculosis Research. 2018; 6:199–206.

25. Yuan X, Zhang T, Kawakami K, Zhu J, Li H, Lei J, et al. Molecular Characterization of Multidrug- and

Extensively Drug-Resistant Mycobacterium Tuberculosis Strains in Jiangxi, China. J Clin Microbiol.

2012; 50:2404–13. https://doi.org/10.1128/JCM.06860-11 PMID: 22553245

26. Reechaipichitkul W, Tubtim S, Chaimanee P. Drug susceptibility patterns of Mycobacterium tuberculo-

sis and clinical outcomes of drugresistant tuberculosis at Srinagarind Hospital, a tertiary care center in

northeastern Thailand. Southeast Asian J Trop Med Public Health. 2011; 42:1154–62. PMID:

22299441

27. Tasbitia AH, Yaria S, Ghaneic M, Shokrgozard MA, Fateha A, Bahrmanda A. Low Levels of Extensively

Drug-resistant Tuberculosis among Multidrug Resistant Tuberculosis Isolates and their Relationship to

Risk Factors: Surveillance in Tehran, Iran; 2006 to 2014. Osong Public Health Res Perspect. 2017; 8

(2):116–23. https://doi.org/10.24171/j.phrp.2017.8.2.03 PMID: 28540155

28. Iqbal R, Shabbir I, Munir K, Chaudhry K, Qadeer E. The first and second line anti-TB drug resistance in

Lahore. Pak J Med Res. 2012; 51:1–4.

29. Agonafir M, Lemma E, Wolde-Meskel D, Goshu S, Santhanam A. Phenotypic and genotypic analysis of

multidrug-resistant tuberculosis in Ethiopia. Int J Tuberc Lung Dis. 2010; 14(10):1259–65. PMID:

20843416

30. Dalton T, Cegielski P, Akksilp S, Asencios L, Caoili JC, Cho SN, et al. Prevalence of and risk factors for

resistance to second-line drugs in people with multidrug-resistant tuberculosis in eight countries: a pro-

spective cohort study. Lancet 2012; 380:1406–17. https://doi.org/10.1016/S0140-6736(12)60734-X

PMID: 22938757

31. Kliiman K, Altraja A. Predictors of poor treatment o utcome in multi- and extensively drug-resistant pul-

monary TB. Eur Respir J. 2009; 33:1085–94. https://doi.org/10.1183/09031936.00155708 PMID:

19164345

32. Kozińska M, Brzostek A, Krawiecka D, Rybczyńska M, Zwolska Z, Augustynowicz-Kopeć E. MDR, pre-

XDR and XDR drug-resistant tuberculosis in Poland in 2000–2009. Pneumonol Alergol Pol 2011; 79

(4):278–87. PMID: 21678278

Pre-XDR and XDR-TB among MDR-TB patients in Ethiopia

PLOS ONE | https://doi.org/10.1371/journal.pone.0229040 February 13, 2020 12 / 13

https://doi.org/10.1086/340618
http://www.ncbi.nlm.nih.gov/pubmed/12032896
https://doi.org/10.1016/j.jctube.2016.12.001
https://doi.org/10.1016/j.jctube.2016.12.001
http://www.ncbi.nlm.nih.gov/pubmed/31723692
https://doi.org/10.1136/sti.2003.006700
http://www.ncbi.nlm.nih.gov/pubmed/15295129
https://doi.org/10.1093/cid/cix169
http://www.ncbi.nlm.nih.gov/pubmed/28498943
http://www.ncbi.nlm.nih.gov/pubmed/18173885
https://doi.org/10.1128/JCM.06860-11
http://www.ncbi.nlm.nih.gov/pubmed/22553245
http://www.ncbi.nlm.nih.gov/pubmed/22299441
https://doi.org/10.24171/j.phrp.2017.8.2.03
http://www.ncbi.nlm.nih.gov/pubmed/28540155
http://www.ncbi.nlm.nih.gov/pubmed/20843416
https://doi.org/10.1016/S0140-6736(12)60734-X
http://www.ncbi.nlm.nih.gov/pubmed/22938757
https://doi.org/10.1183/09031936.00155708
http://www.ncbi.nlm.nih.gov/pubmed/19164345
http://www.ncbi.nlm.nih.gov/pubmed/21678278
https://doi.org/10.1371/journal.pone.0229040


33. Nguyen HB, Nguyen NV, Giang Tran HT, Nguyen HV, Tu Bui QT. Prevalence of resistance to second-

line tuberculosis drug among multidrugresistant tuberculosis patients in Viet Nam, 2011. WPSAR.

2016;7(2): https://doi.org/10.5365/WPSAR.2016.7.1.008

34. Ajbani K, Rodrigues C, Shenai S, Mehta A. Can mutation detection accurately predict XDR- TB: study

from a tertiary care centre India. J Clin Microbiol. 2011; 49(4):1588–90. https://doi.org/10.1128/JCM.

00113-11 PMID: 21289142

35. Kempker RR, Kipiani M, Mirtskhulava V, Tukvadze N, Magee MJ, Blumberg HM. Acquired Drug Resis-

tance in Mycobacterium tuberculosis and Poor Outcomes among Patients with Multidrug-Resistant

Tuberculosis. Emerg Infect Dis. 2015; 21(6):992–1001. https://doi.org/10.3201/eid2106.141873 PMID:

25993036

36. Lan Y, Li Y, Chen L, Zhang J, Zhang H. Drug resistance profiles and trends in drug-resistant tuberculo-

sis at a major hospital in Guizhou Province of China. Dovepress. 2019; 2019(12):211–9.

37. World Health Organization. WHO Treatment Guidelines for Drug-Resistant Tuberculosis, 2016 Update.

Geneva, Switzerland. 2016:http://apps.who.int/medicinedocs/en/d/Js23097en/.

38. Porwal C, Kaushik A, Makkar N, Banavaliker JN, Hanif M, Singla R, et al. Incidence and Risk Factors

for Extensively Drug-Resistant Tuberculosis in Delhi Region PLoS One. 2013; 8(2):e55299. https://doi.

org/10.1371/journal.pone.0055299 PMID: 23390524

39. Rao NA, Irfan M, Soomro MM, Mehfooz Z. Drug Resistance Pattern in Multidrug Resistance Pulmonary

Tuberculosis Patients. J Coll Physicians Surg Pak. 2010; 20(4):262–5. PMID: 20392404

40. Sagonda T, Mupfumi L, Manzou R, Makamure B, Tshabalala M, Gwanzura L, et al. Prevalence of

extensively drug resistant tuberculosis among archived multidrug resistant tuberculosis isolates in Zim-

babwe. Tuberculosis Research and Treatment. 2014; 2014:349–141.

41. Agrawal D, Udwadia ZF, Rodriguez C, Mehta A. Increasing incidence of fluoroquinolone-resistant

Mycobacterium tuberculosis in Mumbai, India. Int J Tuberc Lung Dis. 2009; 13(1):79–83. PMID:

19105883

42. Ramachandran R, Nalini S, Chandrasekar V, Dave PV, Sanghvi AS, Wares F, et al. Surveillance of dru-

gresistant tuberculosis in the state of Gujarat, India. Int J Tuberc Lung Dis. 2009; 13(9):1154–60. PMID:

19723407

43. Sharma SK, George N, Kadhiravan T, Saha PK, Mishra HK, Hanif M. Prevalence of extensively drug-

resistant tuberculosis among patients with multidrug-resistant tuberculosis: a retrospective hospital-

based study. Indian J Med Res. 2009; 130:392–5. PMID: 19942741

44. Dalal A, Pawaskar A, Das M, Desai R, Prabhudesai P, Chhajed P, et al. Resistance patterns among

multidrugresistant tuberculosis patients in greater metropolitan Mumbai: trends over time. PLoS One.

2015; 10(1):e0116798. https://doi.org/10.1371/journal.pone.0116798 PMID: 25606853

45. Mirza IA, Khan FA, Khan KA, Satti L, Ghafoor T, Fayyaz M. Extensively and Pre-Extensively Drug

Resistant Tuberculosis in Clinical Isolates of Multi-Drug Resistant Tuberculosis Using Classical Second

Line Drugs (Levofloxacin and Amikacin). J Coll Physicians Surg Pak. 2015; 25(5):337–41. PMID:

26008658

46. Abdella K, Abdissa K, Kebede W, Abebe G. Drug resistance patterns of Mycobacterium tuberculosis

complex and associated factors among retreatment cases around Jimma, Southwest Ethiopia. BMC

public health. 2015; 15(1):599.

47. Mesfin EA, Beyene D, Tesfaye A, Admasu A, Addise D, Amare M, et al. Drug resistance patterns of

Mycobacterium tuberculosis strains and associated risk factors among multi drug-resistant tuberculosis

suspected patients from Ethiopia. PLoS One. 2018; 13(6):e0197737. https://doi.org/10.1371/journal.

pone.0197737 PMID: 29864118

48. Gelaw YA, Yu W, Magalhães RJS, Assefa Y, Williams G. Effect of Temperature and Altitude Difference

on Tuberculosis Notification: A Systematic Review. J Glob Infect Dis. 2019; 11(2):63–8. https://doi.org/

10.4103/jgid.jgid_95_18 PMID: 31198309

49. Li X, Wang L, Zhang J, Liu YX, Zhang H, Jiang SW, et al. Exploration of ecological factors related to the

spatial heterogeneity of tuberculosis prevalence in P. R. China Global Health Action,. 2014; 7(1):23620,

https://doi.org/10.3402/gha.v7

50. Kozińska M, Zientek J, Augustynowicz-Kopeć E, Zwolska Z, Kozielski J. Transmission of tuberculosis

among people living in the border areas of Poland, the Czech Republic, and Slovakia. Pol Arch Med

Wewn. 2016; 126(1–2):32–40. https://doi.org/10.20452/pamw.3263 PMID: 26842376

Pre-XDR and XDR-TB among MDR-TB patients in Ethiopia

PLOS ONE | https://doi.org/10.1371/journal.pone.0229040 February 13, 2020 13 / 13

https://doi.org/10.5365/WPSAR.2016.7.1.008
https://doi.org/10.1128/JCM.00113-11
https://doi.org/10.1128/JCM.00113-11
http://www.ncbi.nlm.nih.gov/pubmed/21289142
https://doi.org/10.3201/eid2106.141873
http://www.ncbi.nlm.nih.gov/pubmed/25993036
http://apps.who.int/medicinedocs/en/d/Js23097en/
https://doi.org/10.1371/journal.pone.0055299
https://doi.org/10.1371/journal.pone.0055299
http://www.ncbi.nlm.nih.gov/pubmed/23390524
http://www.ncbi.nlm.nih.gov/pubmed/20392404
http://www.ncbi.nlm.nih.gov/pubmed/19105883
http://www.ncbi.nlm.nih.gov/pubmed/19723407
http://www.ncbi.nlm.nih.gov/pubmed/19942741
https://doi.org/10.1371/journal.pone.0116798
http://www.ncbi.nlm.nih.gov/pubmed/25606853
http://www.ncbi.nlm.nih.gov/pubmed/26008658
https://doi.org/10.1371/journal.pone.0197737
https://doi.org/10.1371/journal.pone.0197737
http://www.ncbi.nlm.nih.gov/pubmed/29864118
https://doi.org/10.4103/jgid.jgid_95_18
https://doi.org/10.4103/jgid.jgid_95_18
http://www.ncbi.nlm.nih.gov/pubmed/31198309
https://doi.org/10.3402/gha.v7
https://doi.org/10.20452/pamw.3263
http://www.ncbi.nlm.nih.gov/pubmed/26842376
https://doi.org/10.1371/journal.pone.0229040

