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Objective: To assess the agreement between genotypic and phenotypic methods for detecting drug resistance, 

and examine the prevalence of heteroresistance among isoniazid (INH)- and multidrug/rifampicin-resistant 

(MDR/RR) TB. 

Method: In total, 127 Mycobacterium tuberculosis ( Mtb ) isolates, including 65 MDR/RR and 62 INH resistant, were 

used. First-line drug susceptibility testing (DST) was performed using the LJ method to determine the percentage 

of resistant bacteria. All drug-resistant isolates underwent testing with LPA. Heteroresistance was defined as 

simultaneous detection of wild-type and resistance-conferring mutations using LPA. 

Result: The sensitivity of LPA (compared with LJ DST) was 96% for any INH-resistant TB and 94% for any 

RR TB. The prevalence of heteroresistance among the 123. Mtb isolates was 9.8%. The percentage of resistant 

bacteria ranged from 1% to 10% for heteroresistant TB. Rifampicin heteroresistance was detected in 1.6% of 

MDR TB patients. INH heteroresistance was detected in 1.6% and 16.7% of MDR and INH-resistant TB patients, 

respectively. The proportion of INH heteroresistance was significantly higher ( p = 0.030) in persons living with 

HIV. 

Conclusion: Some phenotypic drug resistances were not captured by LPA. The prevalence and percentage of 

resistant bacteria among heteroresistant TB highlight the importance of LPA for early detection of heteroresistant 

TB. 
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Tuberculosis (TB) continues to be a global public health threat.

he effective management of TB and multidrug/rifampicin-resistant

MDR/RR) TB relies upon rapid diagnosis and treatment ( WHO, 2011 ).

olecular diagnostic methods have led to the ability to detect drug-

esistant TB more rapidly compared with phenotypic methods (i.e. cul-

ure and drug susceptibility testing [DST]), which usually require a min-

mum of 2 months ( WHO, 2016a ; WHO, 2016b ). However, molecular

iagnostic tests do not fully eliminate the need for phenotypic DST be-

ause the currently available rapid molecular methods do not detect all

esistance mechanisms or the emergence of new mutations associated

ith resistance ( WHO, 2015 ). 

Molecular diagnostic methods have been also utilized to detect

ixed infections ( GLI, 2018 ). Mixed infections challenge the diagno-
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is and treatment of patients ( Liang et al., 2018 ; Sergeev et al., 2011 ).

 number of studies in countries with a high prevalence of TB and hu-

an immunodeficiency virus (HIV) coinfection have reported mixed in-

ections ( Dickman et al., 2010 ; Post et al., 2004 ; Stavrum et al., 2009 ;

arren et al., 2004 ). Various studies have reported mixed infections

ith and without heteroresistance ( Cohen et al., 2011 ; Zheng et al.,

015 ). Line probe assays (LPAs) are designed to detect the most common

esistance mutations for first-line and second-line drugs. LPAs can also

imultaneously detect wild-type and resistance-conferring mutations in

 single patient, which is referred to as heteroresistance ( GLI, 2018 ). 

Information on the agreement between phenotypic with genotypic

esistance detection, and the prevalence of heteroresistance, has impor-

ant implications for an individual patient’s management as well as for

B control programs ( Sergeev et al., 2011 ; WHO, 2015 ). In Ethiopia,

here are limited data on the agreement between second-line phenotypic
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Table 1 

Background characteristics of patients with drug-resistant TB 

Variables 

Total MDR/RR INH resistant 

N % N % 

Total 127 65 51.2 62.0 48.8 

Age Mean age, years 30 28 – 32 –

Sex Male 76 33 43 43 57 

Female 51 32 63 19 37 

HIV status Positive 34 21 32.3 13 20.9 

Negative 84 41 63.1 43 69.3 

Unknown 9 3 4.6 6 9.7 

History of Treatment New 74 27 41.5 47 75.8 

Previously treated 53 38 58.5 15 24.2 

MDR: multidrug resistant; RR: rifampicin resistant; INH: isoniazid 
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ST and LPA, or on the prevalence of heteroresistant TB ( Damena et al.,

019 ; Mekonnen et al., 2015 ). To date, a population-based study in

thiopia to investigate these particular issues has not been carried out. 

Our study utilized the availability of Mycobacterium tuberculosis ( Mtb )

trains collected throughout the country for national drug-resistance

urveys (DRS). The goal of the study was to assess the agreement be-

ween genotypic with phenotypic resistance detection, and to deter-

ine the prevalence of heteroresistance in isoniazid (INH)-resistant

nd MDR/RR TB isolates collected for drug-resistance surveys in

thiopia. 

ethods 

This study used stored MDR/RR and INH-resistant Mtb isolates col-

ected during a population-based drug-resistance survey (DRS) carried

ut in Ethiopia between November 2011 and June 2013. The DRS was

onducted at 32 health facilities. Among the 32 health facilities, 30 had

een included in an earlier DRS (2003–2005) with the additional two

urposely selected from regions that were not previously included, and

o ensure that at least one health facility was included from each re-

ion. The target population of the DRS was newly diagnosed patients

ith sputum smear-positive TB. The estimated sample size of the DRS

eeded to determine the extent of MDR TB was 1420 new sputum smear-

ositive patients. Previously treated sputum smear-positive TB cases di-

gnosed during the study period were also included. All consecutive

putum smear-positive TB cases were included in the DRS, while those

atients who were already receiving treatment for TB were excluded

rom the survey. The survey detected 67 MDR, five RR and 70 INH-

esistant TB isolates using Löwenstein-Jensen (LJ) DST. Two sample sets

f Mtb isolates were created. The first set was either INH-resistant, RR,

r MDR Mtb , as defined by LJ DST, with LPA performed for 61 MDR, 4

R, and 62 INH-resistant TB isolates. The second comprised Mtb isolates

N = 2) resistant to fluoroquinolones (FQ) and/or second-line injectable

gents (amikacin, kanamycin, and capreomycin), as defined using the

ensititre MYCOTB MIC plate ( Hall et al., 2011 ; Heysell et al., 2015 ;

ee et al., 2014 ). 

J DST 

Phenotypic DST for first-line drugs, which include INH (0.2 𝜇g/ml)

nd rifampicin (RIF) (40 𝜇g/ml), was performed using the indirect pro-

ortion method on LJ ( Kent, 1985 ). Interpretation of results was based

n the proportions of growth on the control and drug-containing me-

ia. More than 1% growth on drug-containing media was interpreted

s resistance ( Canetti et al., 1969 ; Kent, 1985 ). The percentage of re-

istance was determined as described by Kent ( Kent, 1985 ). Whenever

ossible, the actual growth count was recorded as follows: 1 + (50–100

olonies), 2 + (100–200 colonies), 3 + (200–500 colonies), and 4 + ( > 500

olonies). The percentage of resistance was determined using the mini-

um (lower limit of drug-containing media and upper limit of drug-free

edia) and maximum (upper limit of drug-containing media and lower

imit of drug-free media), reported as a range. 

ensititre MYCOTB MIC plate 

DST for FQ and SLI (amikacin, kanamycin, and capreomycin) was

erformed for MDR/RR TB isolates ( n = 48) using Sensititre MYCOTB

IC plates (MYCOTB; Trek Diagnostic Systems, Thermo Fisher Scien-

ific, USA) as per the manufacturer’s guidelines. Resistance was defined

ased on the critical concentration of each drug, as previously described

 Hall et al., 2011 ; Heysell et al., 2015 ; Lee et al., 2014 ; WHO, 2018a ).

he results were read via inverted mirrors and interpreted on days 10

nd 21 if growth was poor. MDR TB and any FQ resistance with and

ithout SLI were defined as pre-extensive drug resistant (pre-XDR) TB

 World Health Organization 2020 ). 
150 
olecular DST and interpretation 

GenoType MTBDR plus and MTBDR sl assays were performed on Mtb

solates as recommended by the manufacturer (HainLifescience, Nehren,

ermany). DNA was extracted using a GenoLyse® kit (HainLifescience

mbH, Nehren, Germany); amplification and detection were performed

sing GenoType®MTBDR plus version 2.0 and GenoType®MTBDR sl ver-

ion 1.0 (HainLifescience GmbH, Nehren, Germany). Simultaneous de-

ection of wild-type and resistance-conferring mutations using LPA

n a single patient was referred to as heteroresistance ( GLI, 2018 ;

HO, 2016a ; WHO, 2016b ). 

uality control 

All tests, including LJ DST, Sensititre MYCO TB MIC plate, and LPA

MTBDR plus and MTBDR sl ) used positive and negative controls, which

ere within the target values. LPA results with uncommon patterns, i.e

ess frequent mutations, heteroresistance, or faint bands, were retested

nd confirmed. Any discrepant results as obtained by both DST proce-

ures were retested and confirmed. 

tatistical analysis 

The sensitivity and specificity of LPA were compared with pheno-

ypic DST for both first- and second-line drugs. The frequencies and

roportions of heteroresistance were stratified by sex, age, history of

reatment, HIV, and DST results. A chi-square test was used to assess

he association, and a p -value < 0.05 was considered significant. 

esults 

atient characteristics 

The mean age of the patients with drug-resistant TB isolates ( n = 127)

as 30 years; 76 (60%) were male, and 53 (42%) of the cases had a pre-

ious history of TB treatment. Newly diagnosed TB cases made up 41%

27/65) of MDR/RR TB and 74% (47/62) of INH-resistant TB cases. HIV

tatus was available for 118 patients, and 34 (27%) were HIV seroposi-

ive ( Table 1 ). 

henotypic and genotypic DST concordance 

In total, 142 drug-resistant TB isolates (MDR = 67, RR = 5, and

NH = 70) were detected using LJ DST; data were available for 127

solates, including 61 MDR, 4 RR, and 62 INH-resistant. Unavailable

DR/RR and INH-resistant TB data were either not retrieved (MDR = 5,

R = 1, and INH = 8) or invalid LPA (MDR = 1). The sensitivity of LPA

MTBDR plus ) was 96% (95% CI 84.9–98.2) for any INH and 94% (95%

I 90.7–98.6) for any RIF, when compared with LJ DST results. LPA did

ot detect RIF resistance in 6% of MDR/RR TB isolates and in 4.1% of
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Table 2 

Agreement of first-line phenotypic and genotypic results among mul- 

tidrug/rifampicin (MDR/RR) and isoniazid (INH)-resistant TB isolates 

LJ DST result Total tested First-line probe assay Sensitivity 

(95% CI) 
Resistant Susceptible 

Rif-R among MDR 61 58 3 95% (86–99) 

Rif-R among RR 4 3 1 75% (19–99) 

Overall Rif-R 65 61 4 94% (85–98) 

INH-R among MDR 61 58 3 95 % (86–99) 

INH-R among mono-INH 62 60 2 97% (89–99) 

Overall INH 123 118 5 96% (91–99) 

Rif-R: rifampicin resistant; INH-R: isoniazid resistant 

Table 3 

Percentage of resistance for drug susceptibility discordant and heteroresistance 

cases 

Frequency RIF INH History of treatment 

Discordant MDR 1 5.9–11.8 5.9–11.9 Retreatment 

1 16.6–41.6 _ Retreatment 

1 11.8–29.4 _ Retreatment 

1 _ 3.3–6.6 Retreatment 

1 _ 6.2–12.5 Retreatment 

RIF 1 10.0–25.0 _ Retreatment 

INH 1 _ 10.0–20.0 New 

1 _ 1.0–2.0 New 

Heteroresistance MDR 1 1.0–2.0 _ New 

1 _ 1.0–2.0 New 

INH 1 _ 2.0–5.0 New 

1 _ 2.0–4.0 New 

1 _ 1.0–4.0 Retreatment 

1 _ 2.4–5.0 New 

1 _ 2.0–10.0 Retreatment 

1 _ 1.6 New 

1 _ 2.0–10.0 New 

1 _ 1.0–5.0 Retreatment 

2 _ 2.0–10.0 New 

MDR: multidrug resistant; RIF: rifampicin; INH: isoniazid 
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Table 4 

Heteroresistance by demography, clinical data, and drug sensitivity results 

Variables 

Total Heteroresistance 

N % 

Total 123 12 9.8 

Sex Female 48 7 14.6 

Male 75 5 6.7 

Age < 15 3 0 0.0 

15–24 45 5 11.1 

25–34 38 3 7.9 

35–44 18 1 5.6 

45–54 12 3 25.0 

55–64 6 0 0.0 

65 + 1 0 0.0 

HIV status Negative 82 7 8.5 

Positive 33 5 15.2 

Treatment history Newly diagnosed 72 9 12.5 

Retreatment 51 3 5.9 

Drug profiles INH resistant 60 10 16.7 

Overall MDR TB 63 2 3.2 

Rifampicin among MDR 63 1 1.6 

INH among MDR 63 1 1.6 

HIV negative INH resistant 42 5 11.9 

HIV Positive INH resistant 13 5 38.5 

INH: isoniazid; MDR: multidrug resistant; TB: tuberculosis 
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NH-resistant TB isolates ( Table 2 ). The percentage of resistant bacteria

anged from 5.9% to 41.6% in seven out of nine discordant cases. All

IF discordant cases were from previously treated TB patients ( Table 3 ).

econd-line phenotypic DST results were available for 48 MDR/RR TB

solates using the Sensititre MYCOTB MIC plate. One TB isolate was

apreomycin monoresistant and the other ones were FQ and SLI resis-

ant. LPA (MTBDR sl ) did not detect resistance mutations for one isolate

ith FQ resistance and one with capreomycin monoresistance. 

eteroresistance 

The prevalence of heteroresistance among MDR and INH-resistant

B was 9.8% (95% CI 5.2–16.4). The coexistence of wild-type and mu-

ant isolates is shown in Supplementary Figure 1. The percentages of

esistant bacteria among 12 heteroresistant TB isolates were between

% and 10%. Of the INH-heteroresistant TB cases, 70% had been newly

iagnosed TB patients ( Table 3 ). Table 4 shows the frequencies of het-

roresistance by demography, clinical data, and drug-resistance profiles

or 123 isolates. Rifampicin heteroresistance was detected in 1.6% of

DR TB patients. INH heteroresistance was detected in 1.6% of MDR

B and 16.7% of INH-resistant TB patients. Heteroresistance was signifi-

antly higher among INH-resistant TB isolates ( n = 10, 16.7%) compared

ith MDR/RR TB ( n = 2, 3.2%) (p = 0.012). The proportion of INH het-

roresistance was significantly higher ( p = 0.030) in persons living with

IV. 

iscussion 

LPA involves targeted genotypic DST assays designed to detect the

ost common mutations, and is used for rapid diagnosis in order for
151 
atients to receive appropriate treatment ( WHO, 2019 ). LPA is recom-

ended for the rapid detection of resistance to first-line drugs (RIF and

NH) and second-line drugs (FQ and SLI) ( WHO, 2016a ; WHO, 2016b ).

n our study, LPA failed to detect RIF- or INH-resistance mutations in 6%

nd 4.1% of the Mtb isolates, respectively. This difference could be due

o resistance mutations that are not detected by the currently available

PAs ( Feuerriegel et al., 2009 ; Kang et al., 2019 ; Ocheretina et al., 2014 ;

akawira et al., 2017 ). Moreover, in our study, one FQ-resistant and one

apreomycin-resistant TB were not detected by SL-LPA. Similarly, this

iscordance could be due to mutations outside the LPA-targeted gene

 Feuerriegel et al., 2009 ; Jugheli et al., 2009 ; Zaunbrecher, 2010 ). 

Heteroresistant TB challenges the diagnosis and treatment of patients

 Liang et al., 2018 ; Sergeev et al., 2011 ). In our study, rifampicin het-

roresistance was detected in 1.6% of MDR TB using LPA. Patients with

eteroresistant TB are more likely to be undetected using the frontline

olecular detection tools ( Folkvardsen et al., 2013a ; Folkvardsen et al.,

013b ; Liang et al., 2018 ). The Xpert MTB/RIF assay can detect ri-

ampicin heteroresistance when the resistant Mtb subpopulation ac-

ounts for > 50% of bacterial populations ( Shin et al., 2018 ). Our re-

ults suggest that a certain proportion of MDR TB isolates could not

e detected using the Xpert MTB/RIF assay. Furthermore, the risk of

oor treatment outcomes is higher in heteroresistant MDR TB patients

 Baffoe-Bonnie et al., 2019 ; Zetola et al., 2014 ). Those patients might

e also misclassified as having acquired drug resistance ( Sergeev et al.,

011 ). This highlights the importance of heteroresistant MDR TB detec-

ion at baseline, and the follow-up of MDR TB patients. 

Isoniazid is one of the key first-line drugs for the treatment of ac-

ive TB, as well as latent TB infection ( WHO, 2018b ). Undetected INH-

esistant TB increases the risk of treatment failure or relapses, and

ould also have a role in the continued transmission of INH resistance

 Gegia et al., 2017 ). In our study, the prevalence of heteroresistance

as significantly higher among INH-resistant isolates than in MDR/RR

B ( p = 0.012), which was consistent with the results reported in pre-

ious studies ( Gupta et al., 2018 ; Shin et al., 2018 ). Most (70%) of

NH heteroresistance in our findings was detected in newly diagnosed

B patients. A significantly higher prevalence of INH heteroresistance

ould be the result of simultaneous infection with drug-susceptible and

esistant TB strains. Furthermore, the prevalence of INH-resistant TB,

he detection method used, and the treatment strategy can also influ-

nce the heteroresistance prevalence. In Ethiopia at the time of the sur-

ey (2011–2013), there was no national strategy to detect and treat
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Figure 1. The label for each line indiates 

the corresponding probe desription. Image 1 

includes isonazid heteroresistance (circled in 

red). Image 2 includes rifampicin heteroresis- 

tance (circled in red). 
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NH-resistant TB, which also increased the prevalence of INH-

eteroresistant TB in our findings. 

HIV infection increases the susceptibility to infection or reinfection

ith TB ( El-Sadr and Tsiouris, 2008 ; Guerra-Assunção et al., 2015 ). Pre-

ious studies have reported that persons living with HIV can be infected

ith more than one Mtb strain ( Baffoe-Bonnie et al., 2019 ; Chaves et al.,

999 ; Cohen et al., 2011 ; Dickman et al., 2010 ; Stavrum et al., 2009 ;

etola et al., 2014 ). Our study found a significantly higher prevalence

 p = 0.03) of INH-heteroresistant TB isolates recovered from persons

iving with HIV. In line with our findings, some studies have reported

eteroresistance in HIV/TB coinfected individuals ( Baffoe-Bonnie et al.,

019 ; Cohen et al., 2011 ; Zetola et al. 2014 ). Treating mixed infections

ith conflicted drug profiles can lead to patients responding poorly to

he treatment by allowing the drug-susceptible strain to re-emerge or

utnumber the drug-resistant strains ( Sergeev et al., 2011 ; Tolani et al.,

012 ; van Rie et al., 2005 ). Furthermore, heteroresistance in HIV-

nfected patients has been associated with longer times to culture con-

ersion ( Zetola et al., 2014 ). 

Our study had certain limitations. The use of culture isolate had a

ower likelihood of identifying heteroresistant TB. The percentage of

esistant bacteria was calculated using minimum and maximum colony

anges. The proportion of heteroresistance cases that had ≥ 5% resistant

acteria was not explicitly reported. Moreover, there were no sequenc-

ng data to confirm the heteroresistant TB cases. 

Figure 1 

onclusion 

This study demonstrated a general agreement between genotypic and

henotypic drug-resistance detection, and the prevalence of heteroresis-

ance in MDR and INH-resistant Mtb isolates from newly diagnosed TB

atients. The results revealed that some drug-resistance cases might not
152 
e captured by LPA, which suggests that a proportion of rifampicin-

nd isoniazid-resistant TB might continue as a source of infection unless

hese mutations are captured by molecular diagnostic tools or pheno-

ypic DST. Furthermore, the occurrence of heteroresistant TB in newly

iagnosed patients with MDR/RR and INH-resistant TB is not rare. The

revalence of resistant bacteria among heteroresistant TB highlights the

mportance of LPA for the early detection of heteroresistance, which can

ssist in tailoring the treatment regimen and prevent further transmis-

ion. 
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