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ABSTRACT 

Tuberculosis (TB) remains a global challenge and continues to kill more people than 

any other bacterial infection. The problem has been complicated with the emergence 

of multi-drug resistant (MDR) and extensively drug-resistant (XDR) TB. The Xpert 

MTB/RIF, which detects both Mycobacterium tuberculosis (MTB) and resistance to 

rifampicin (RIF) in a single rapid assay, has greatly improved TB diagnosis and 

detection of drug resistance.  

 

The main objective of the study was to determine the prevalence of resistance to first 

line TB drugs among outpatients initiating on treatment in Lilongwe, evaluate 

performance of Xpert MTB/RIF and to determine the prevalence of mutations 

responsible for RIF resistance in the rpoB gene of MTB strains from Malawi. This was 

achieved by analysing specimens collected from Bwaila Hospital (Bwaila) and the 

National TB Reference Laboratory (NTRL), both from Lilongwe district in Malawi. 

 

An observational cohort study was conducted between April 2011 and July 2012 at 

Bwaila to determine the prevalence of drug-resistant TB among outpatients. The 

study collected specimens from 702 TB patients of which 420 (59.8%) were HIV co-

infected. One (1/349, 0.3%) RIF mono-resistant TB case was detected while isoniazid 

mono-resistance was detected in 2.9% (10/349) of the newly treated and culture 
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confirmed cases. The prevalence of MDR-TB was 3.8% (1/26) among previously 

treated cases and 0.3% (1/349) among new cases. This demonstrates a very low 

prevalence of drug-resistant TB in the outpatient population. 

 

For TB diagnosis, the performance of Xpert MTB/RIF was evaluated retrospectively 

using 351 specimens (frozen stored pellets) from this cohort. Of 348 sputum pellets 

with valid Xpert MTB/RIF results, 200 (57%) were from HIV/TB co-infected while 148 

(43%) were from HIV uninfected individuals. Among these, 219 (63%) were smear-

negative and 129 (37%) were smear-positive. When compared to culture, Xpert 

MTB/RIF demonstrated a sensitivity of 93.8% (95% CI: 89.4% - 96.8%) and specificity 

of 97.4% (95% CI: 93.5% - 99.3%) with a positive predictive value of 97.8% (95% CI 

94.6% - 99.4%) and negative predictive value of 92.6% (95% CI 87.4% - 96.1%). Within 

this cohort, Xpert MTB/RIF correctly identified 185 of 186 (98.8%) RIF-sensitive MTB 

and 2/2 (100%) RIF-resistant MTB when compared with MTBDRplus version 2. DNA 

sequencing resolved the one discrepant result in favour of MTBDRplus. In addition, 

Xpert correctly identified four non-tuberculous mycobacteria (NTM) [M. avium (n=1), 

M. intracellulare (n=3)] as negative for MTB.  

 

To determine the prevalence of mutations in the rpoB gene, the Rifampicin Resistance 

Determining Region (codon 507 – 533) was sequenced from specimens from both 
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Bwaila and the National Tuberculosis Reference Laboratory (NTRL). Specimens that 

were reported with RIF resistance by Xpert MTB/RIF were eligible for DNA 

sequencing. A total of 43 specimens were successfully sequenced and mutations were 

detected in 37/43 specimens. Mutations were frequently detected in codons 526, 531 

and 516. Mutations were not detected in 6/43 (14%) specimens. Among the specimens 

with no mutations, 2/6 (33%) were RIF-sensitive while 4/6 (67%) were RIF-resistant 

on MTBDRplus assay. 

Overall, the prevalence of MDR-TB is low among outpatients seeking treatment at 

Bwaila which emphasises the effectiveness of the National TB programme in Malawi. 

The use of Xpert MTB/RIF in this population can increase the number of patients 

starting on appropriate TB treatment earlier and offer a greater opportunity in 

increasing TB case detection among high risk and vulnerable groups. This technology 

can reduce the TB burden in the population including people living with HIV. 

Disease transmission can be reduced with the use of Xpert MTB/RIF because of early 

treatment initiation and therefore likely to shorten the sputum culture conversion 

times for patients with RIF-resistant TB. Xpert MTB/RIF is a useful tool due to its 

diagnostic accuracy although our findings show a lower sensitivity in smear-

negative/culture-positive specimens. Further evaluations of Xpert MTB/RIF assay’s 

performance are required in detecting smear-negative/Xpert-positive cases to gauge 

its diagnostic value over a longer time period. 
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Literature Review  
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1.1   Global Overview of Tuberculosis 

Tuberculosis (TB) is a chronic, infectious, airborne disease caused by the bacillus 

Mycobacterium tuberculosis (MTB). TB remains one of the leading single-agent, 

potentially curable infectious diseases and an important public health problem (1) 

that dates back to 1882 when Robert Koch discovered the causative agent (2, 3). TB 

was first declared a global emergency by the World Health Organisation (WHO) in 

1993, in recognition of the large increase of notified cases worldwide (4). TB continues 

to be a major cause of morbidity and mortality in the developing world. The global 

impact of TB is significant with an annual estimate of 10.4 million new (incident) TB 

cases and over 1.4 million deaths due to TB in 2015 (1). This global disease burden 

and death caused by TB makes it one of the most dangerous and important diseases 

in the history of mankind (1). 

 

The majority of the 2015 TB cases (61%) occurred in Asia, India (23%) and China 

alone accounted for 10% of the total cases. Relative to population, the WHO African 

Region had the highest rate of cases (26%) and deaths in 2015 (Figure 1) (1). With an 

exception of a few countries, the overall TB incidence rates are beginning to fall with 

an average of 1.5% per year (5). 
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Figure 1: Estimated TB incidence rates for 2015 (1). 

 

However, the global decline in the TB incidence rate is below the first milestone of the 

End TB Strategy which is aimed at reaching an annual global reduction of 4 – 5% in 

the TB incidence rate and a 10% reduction in the global case fatality ratio by 2020. To 

achieve these milestones, it requires a substantial acceleration in the current rate of 

progress in reducing the TB disease burden (1). 

 

The emergence of drug resistance to currently available anti-TB drugs guarantees that 

TB will remain a significant public health concern in the coming century. Multi-drug-
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resistant TB (MDR-TB) has emerged as a major public health concern in several 

countries and is a serious threat to global TB control (1). Globally, it is estimated that 

3.9% of new cases and 21% of previously treated cases have MDR-TB/RR-TB and that 

9.5% of these have extensively drug resistant TB (XDR-TB) (1). In 2015, MDR-TB cases 

accounted for 83% of all MDR-TB/RR-TB cases worldwide, with varying proportions 

by country and region. Of the estimated 580,000 incident cases, there were 

approximately 250,000 deaths due to MDR-TB/RR-TB (1). 

 

The emergence of XDR-TB strains, defined as MDR-TB strains resistant to any 

fluoroquinolone and at least one of the three injectable second-line drugs i.e. 

Kanamycin (KAN), Capreomycin (CAP) or  Amikacin (AMK) has resulted in poorer 

treatment outcomes with high mortality especially in TB/HIV co-infected individuals 

(6, 7, 8, 9). By the end of 2015, about 117 WHO member states detected XDR-TB cases. 

About 7,579 of the XDR-TB cases were detected by 74 countries, of which 1,100 were 

reported in Africa (1). 
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1.2  Pathogenesis of Tuberculosis 

TB mainly affects the lung parenchyma or the tracheobronchial tree (pulmonary TB; 

PTB) but can also affect other sites such as tissues or organs outside of the lungs 

(extra-pulmonary TB; EPTB) e.g. Pleura, lymph nodes, joints and bones, meninges etc 

(10, 11). TB is transmitted from person to person through air by droplet nuclei which 

are produced when persons with PTB or laryngeal tuberculosis sneeze, cough, speak 

or sing. Additionally, droplet nuclei can be generated during bronchoscopy, sputum 

induction, aerosol treatments and through manipulation of lesions or processing of 

secretions or tissues (12). The droplet nuclei are carried down the bronchial tree upon 

inhalation and implant in the alveoli or respiratory bronchioles in the lungs. 

Depending on bacterial virulence and inherent microbicidal ability of the alveolar 

macrophage, the ingested tubercle bacilli can either establish an infection in the lung 

(active TB) or not (latent TB) (12). 

 

Tuberculosis disease manifests differently depending on several factors including 

both host and micro-related characteristics and interactions (10). Prior to the HIV 

epidemic, most TB infections (approximately 85%) were limited to the lungs and the 

remainder involved non-pulmonary or both pulmonary and non-pulmonary sites 

(13). However, in individuals with HIV infection, about 38% have PTB, 30% have 



6 
 

EPTB and 32% have both PTB and EPTB (14). Signs and symptoms of PTB include 

cough for at least two weeks, night sweats, chills, fever, haemoptysis (coughing up 

blood), fatigue and weight loss. Signs and symptoms of EPTB depend on the site of 

disease (10, 12, 15).  

 

1.3   Global TB/HIV Co-infection 

HIV infection is the strongest risk factor for TB (16). TB/HIV co-infection form a 

deadly combination because each enhances progression of the other  (17, 18). HIV 

increases the risk of activating latent TB infection (LTBI) due to a reduction in the 

body’s immune defences (19, 20, 21, 22). The risk of developing TB disease is 20 - 30 

times greater in HIV infected individuals that in those not infected with HIV (5). The 

clinical presentation and laboratory diagnosis of active TB is complicated in HIV 

infected individuals (23). HIV-infected patients with active pulmonary TB (PTB) often 

have low bacillary loads (24), absence of Acid Fast Bacilli (AFB) on sputum smear 

microscopy (negative sputum smear results), atypical chest radiographic 

abnormalities and an increased prevalence of EPTB (13). In advanced stages of HIV 

infection, signs and symptoms of EPTB are often masked (3). This can lead to 

misdiagnosis or delays in diagnosis using conventional TB diagnostic methods, 

resulting in a higher morbidity and mortality (17, 18). 
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Globally, among the 10.4 million new TB cases in 2015, 1.2 million (11%) were co-

infected with HIV. The majority of TB/HIV co-infections were from the WHO African 

Region with over 50% being from parts of Southern Africa (Figure 2). In Sub-Saharan 

Africa, up to 71% of TB cases are HIV associated (1).  

 

 

Figure 2: Diagram depicting the percentage of new tuberculosis cases with HIV 
infection in 2015 (1). 

 

Although there has been a global decline in the number of TB deaths between 2000 

and 2015 (Figure 3), TB remains one of the top 10 causes of death worldwide. In 2015, 

TB was responsible for 400,000 deaths in HIV infected people. Most of these deaths 
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occurred in low and medium-income countries, with 75% of them occurring in the 

WHO African Region (1). The number of TB deaths is unacceptably large considering 

access to health care and provision of the right treatment to infected individuals (10, 

5). The disease is preventable and largely curable if detected early and treated 

effectively (25). 

 

 

Figure 3: A graphical representation of the global trends of deaths among both HIV-
negative and HIV-positive TB patient from 2000 to 2015 (1) 
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TB treatment in HIV co-infected patients is often challenging due to interactions  of 

drugs used in treating both diseases, their side effects and the risk of developing TB-

associated immune reconstitution inflammatory syndrome (IRIS) (26, 27). 

Furthermore, the mortality risk increases with drug-resistant TB (DR-TB) infections in 

TB-HIV co-infected patients (28, 29, 30). HIV infection may lead to acquisition of 

rifamycin resistance due to malabsorption of anti-TB drugs. MDR-TB strains present 

a major challenge to effective treatment of this infection especially in people living 

with HIV (PLHIV) (31). MDR-TB appears not to cause infection or disease more 

readily than drug-susceptible TB in HIV-infected persons (32). 

 

1.4   Drug development and TB Chemotherapy 

When TB infection cannot be sufficiently contained by host immunity, antibiotics are 

used as exogenous agents to fight the disease. Treatment for TB dates back to 1944 

with the discovery of P-aminosalicylic acid (PAS) and streptomycin (STR) (33, 34). 

The first use of multi-drug therapy against TB was initiated after 1950 drug efficacy 

studies showed that a combination of PAS and STR was more effective than when 

either of the two was used alone (35, 36). Treatment efficacy greatly improved when 

Isoniazid (INH) was added to the treatment regimen in 1952. In some cases, the cure 

rate reached 100% although the treatment duration remained relatively long (18 to 24 

months) (36). The duration of treatment reduced to 18 months when PAS was 
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substituted with Ethambutol (EMB) in 1960. The introduction of rifampicin (RIF) in 

the early 1970s and pyrazinamide (PZA) in 1980 further reduced the duration of 

treatment to 9 and 6 months respectively (35). 

 

In general, the current first line treatment drugs for TB include RIF, INH, EMB, PZA, 

and STR (Table 1). The treatment duration using these drugs is six (6) months. 

Treatment for DR-TB is complex, usually requiring two or more years of therapy, 

with drugs that are less potent and more toxic than the drugs used to treat drug-

susceptible TB (5).  

 

Second-line drugs (Table 2) include varying combinations of AMK, CAP, KAN, 

Ciprofloxacin (CIP) and Ofloxacin (OFX) based on their effectiveness and safety. 

Linezolid (LZD) and clofazimine (CFZ) are now recommended by the WHO as core-

medicines in treating MDR-TB. Additionally, the WHO has recommended treating all 

rifampicin resistant TB (RR-TB) cases with a MDR-TB regimen, regardless of their 

susceptibility to INH (1). For all patients with pulmonary MDR-TB/RR-TB (with an 

exception of pregnant women), a standardised shorter MDR-TB regime of 9 – 12 

months is now recommended if there is no resistance to second-line drugs (1). The 
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mode of action of each of these anti-TB drugs is well understood as described in 

Tables 1 and 2. Their relevance indicate the significance of their bacterial targets  (35).  

 

1.5   Development of Drug Resistance 

Global TB control is hampered by the emergence and spread of DR-TB strains (37). 

The Phenomenon of drug resistance in TB was first described during the initial 

human trial of TB treatment in 1948 mainly due to the use of STR as a monotherapy 

(38). After deciphering the full genome sequence of MTB in 1998 (39), the knowledge 

of the mechanisms of resistance to anti-TB drugs has increased.  

 

1.5.1 Intrinsic Drug Resistance 

The mycobacterium cell envelope, which is comprised of a capsule-like 

polysaccharide coat and a thick hydrophobic cell wall which is rich in long-chain 

fatty acids such as C60 and C90 (40), offers an intrinsic resistance mechanism. Drug 

uptake is minimised due to multi-drug efflux pumps (41) while the highly 

hydrophobic multi-layer cell envelope provides an effective permeability barrier (42). 

Presence of arabinogalactan coupled with the unusual length of the fatty acids also 

contributes to its poor permeability (39, 43). 
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1.5.2 Acquired Drug Resistance 

Development of drug resistance in MTB is through genetic mutations and not by the 

acquisition of new DNA (2) as is the case with other bacteria. Confirmation of the 

causality between drug resistance and mutations has been made for only a subset of 

genes (44). Drug resistance in MTB is mainly acquired by spontaneous chromosomal 

mutations at low frequency of mycobacterial replication, producing a selection of 

resistant strains (37). Such mutations affect either the bacterial enzyme that converts a 

prodrug into an active drug or the drug target itself (45, 46, 2). Factors that contribute 

to the development of drug resistance in MTB are man-made through erratic drug 

supply, patient non-compliance during disease treatment (possibly due to high tablet 

volume and/or lengthy treatment duration), improvement of patient’s symptoms and 

socio-economic circumstances (45, 24). However, mathematical modelling and 

molecular epidemiology suggest that the majority of MDR-TB cases are due to 

ongoing transmission of multidrug-resistant strains than acquired resistance (94). 

 

1.5.3 Resistance to Rifampicin 

RIF is one of the principal first-line drugs used to treat MTB. It is a lipophilic 

rifamycin derivative and is the most important member of the rifamycin family 

currently in clinical use. RIF is active against both slowly metabolising (non-growing) 
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and actively growing bacilli (37). The drug binds to the β-subunit of the RNA 

polymerase (encoded by rpoB gene) and consequently interferes with transcription 

and inhibits the elongation of messenger RNA (mRNA). Resistance is provided by 

chromosomal mutations that alter the binding site, which then has lowered affinity 

for RIF, the organism escapes the inhibiting action and consequently the development 

of resistance (37). Selective toxicity is based on the far greater affinity for prokaryotic 

polymerases than for the equivalent human enzymes. 

 

Mutations in a single gene seem responsible for almost every case of RIF-resistance. 

Nearly 90-95% of RIF-resistant strains carry either a small in-frame insertion/deletion 

or missense mutations within the 81-bp Rifampicin Resistance Determining Region 

(RRDR) of the rpoB gene mainly involving codons 531, 526 and 516 (47). RIF 

resistance may occur alone or in combination with isoniazid and other drugs. It has 

been reported in greater than 95% of MDR-TB strains (48) (49) such that the presence 

of resistance to RIF alone may serve as a proxy/surrogate marker for MDR-TB (50, 

(51, 52). 

 

 

 



14 
 

1.5.4 Multi-Drug Resistant TB 

MDR-TB is defined as simultaneous resistance to RIF and INH with or without 

resistance to any other drug (3, 5). MDR-TB is classified as a global pandemic more 

deadly than AIDS, with a potential to destabilize society because of the large financial 

implications of the treatment and spread of MDR-TB strains (5, 53, 54, 55, 56). 

 

Misuse of second-line drugs makes them ineffective against MDR-TB, thereby leading 

to the development of TB strains with amplified resistance called XDR-TB, which 

severely limits the chance of treatment success. With XDR-TB, the frequency of 

adverse events and death is high because treatment options are challenging and 

extremely limited (32). The WHO recommends that drug susceptibility testing (DST) 

for fluoroquinolones and second-line injectable agents be performed on all 

documented MDR-TB patients to determine the presence of XDR-TB (1). 
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Table 1: Molecular mechanisms of drug resistance in first-line treatment drugs for Mycobacterium tuberculosis (57, 37)  

 

 

 

Antimicrobial Mode of Action 
 

Gene target Role of gene product Drug properties 

Rifampicin Inhibits RNA synthesis rpoB RNA polymerase β-
subunit 

Most effective sterilising 
agent. 
Bactericidal in less than 
1hour.  
High potency.  

Isoniazid  Inhibits mycolic acid 
biosynthesis & other 
multiple effects 

ahpC 
inhA 
katG 
kasA 
ndh 

Alkyl hydroperoxide 
Enoyl ACP reductase 
Catalase-peroxidase 
β-ketoacyl-ACP synthase 
NADH dehydrogenase 

Bactericidal after 24 
hours.  
Kills >90% bacilli in first 
few days of treatment.  
High potency. 

Pyrazinamide  Disrupts plasma 
membranes 

pncA or 
rpsA 

Pyrazinamidase / 
Nicotinamidase 

Sterilising effect occurs 
within 2-3 months.   
Low potency 
Bactericidal 

Ethambutol  Inhibits 
arabinogalactan 

embB Arabinosyl transferase Minimises the 
emergence of drug 
resistance 
Bacteriostatic.  
Low potency. 

Streptomycin 
 

Inhibits Protein 
synthesis  

rrs 
rpsL 
gidB 

16S rRNA 
S12 ribosomal protein 
rRNA methyltransferase 
(G527 in 530 loop) 

Bactericidal.  
Low potency. 
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Table 2: Molecular mechanisms of drug resistance in second-line treatment drugs for Mycobacterium tuberculosis (57, 37, 

(2) 

Antimicrobial Mode of Action 
 

Gene target Encoded protein or 
RNA product 

Role 

Ethionamide  Inhibits mycolic acid 
synthesis, an essential 
component of the 
bacterial cell wall 
Nicotinic acid derivative 
related to INH 

inhA 
etaA/etA 

Enoyl ACP reductase 
Flavin monooxygenase 

Drug target 

Amikacin/Kanamycin  Inhibits Protein synthesis rrs 16S rRNA Drug target 

Capreomycin  Inhibits Protein synthesis tlyA 2’-O-methyltransferase Drug target 

Moxifloxacin  Inhibits DNA gyrase 
(topoisomerase II and IV) 

gyrA 
gyrB 

DNA gyrase subunit A 
DNA gyrase subunit B 

Drug target 
Pro-drug 
conversion 

Terizidone / 
Cycloserine 

Competitively inhibits 
cell wall synthesis. 

rrs L-alanine racemase and 
D-alanine ligase 

Drug target. 
Bacteriostatic 

P-aminosalicylic acid 
[PAS]  

Inhibits DNA precursor 
synthesis 

thyA Thymidylate synthase Drug activation 

Linezolid (member of 
the Oxazolidinones) 

Inhibits protein synthesis 
Inhibits monoamine 
oxidase 

rplV  
rplD 
erm-37 
whiB7 

23S rRNA Drug target 
Bacteriostatic 
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1.6   TB Diagnosis and Detection of Drug Resistance 

One of the greatest obstacles to successful TB treatment and control is the ability to 

diagnose the disease and determine drug susceptibility (24). In low and middle-

income countries, sputum smear microscopy remains the most common primary 

method used to diagnose active TB (24, 58). Some advantages of this method include 

its low cost, speed, simplicity and high specificity in high TB burden areas (59). 

However, this method has a modest sensitivity of less than 60% (59, 60, 61, 62) and 

the sensitivity decreases among HIV co-infected TB individuals to between 38% – 

54% (63, 64). The number of bacilli secreted into sputum by HIV-positive patients 

with PTB is fewer than in HIV-negative patients which makes TB diagnosis difficult 

using conventional microscopy (65). In addition, smear microscopy has no ability to 

differentiate between drug-sensitive and drug-resistant MTB (66) 

 

Culture for mycobacterium is still considered the gold standard for TB diagnosis and 

drug susceptibility evaluations (3). Culture detects as low as 10 – 100 viable 

bacteria/ml and is considered a more sensitive test in detecting MTB as compared to 

sputum smear microscopy which requires approximately 5,000 - 10,000 bacteria/ml of 

sputum for detection (24). With MTB culture, the efficacy of diagnosing treatment 

failure cases and detecting TB in HIV-infected individuals improves considerably 
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since culture techniques detect fewer bacilli. Furthermore, culture provides sufficient 

material for identification tests and DST (67).  However, culture takes up to six weeks 

to obtain results, requires a high degree of technical expertise and specialised 

(containment) facilities such as Biosafety Level 3 laboratory (BSL3). Additionally, 

culture for mycobacterium is prone to contamination and is labour intensive (24). 

 

1.7   Molecular Diagnostics and Drug Susceptibility Testing 

The WHO has prioritized the development of new tools to fight and control the TB 

epidemic with bold aims of improving TB diagnosis, treatment, and vaccination in 

order to eliminate the disease by 2035 (5).  

 

There are a number of commercial molecular diagnostic assays available for detection 

of the MTB complex although many countries still rely on older TB diagnostics. Other 

than the Xpert MTB/RIF, there is considerable interest in new technologies i.e. NAAT 

or molecular diagnostics which can rapidly detect MTB and determine drug 

resistance (Table 3) (68). Molecular diagnostics can be robust with fewer 

manipulations and may be adapted for high throughput. Furthermore, these 

diagnostics are fast, do not need viable bacilli, require simple-to-use equipment and 

less technical skill as compared to culture-based methods (24).  
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The clinical significance of molecular diagnostics in predicting drug resistance is 

challenging due to the limit of detection (LOD) when testing hetero-resistant 

populations considering that the predominant population is likely to produce a 

positive signal (24, 69). 
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Table 3: Tuberculosis Diagnostic Technologies and/or the detection of drug resistance (2, 52, 68, 70, 71, 72, 73) 

 

Technology* 

 

Principle 

 

Target 

region 

 

Time 
Intended use  

(Diagnosis and/or Drug resistance) 

Xpert 

MTB/RIF 

-NAAT (qPCR) 

-Automated (extraction, 

amplification, 

detection) quantitative MTB/RIF 

test, based on a single-use 

disposable cartridge 

 

rpoB 2 hrs -Diagnose MTB and genotypic 

resistance to RIF 

-Increase in TB case notification and   

RIF-resistant TB case detection rates 

 

GenoType 

MTBDRplus 

(First-line 

LPA) 

NAAT (LPA) 

 

Transcription-mediated 

amplification 

rpoB 

katG 

inhA 

1 – 2 days -Diagnosis of active TB  

-Detection of genotype resistance to RIF 

and INH 

-Rapid and sensitive compared to smear 

microscopy and culture 

-Interrogates a large number of targets 

-Comparatively low cost as compared to 

culture-based DST  

 

BD Probe Tec Strand displacement 

amplification 

 

IS 6110 4 hrs -Direct NAA assay 

-uses processed sputum specimen 

Amplified 

MTD 

Transcription-mediated 

amplification 

 

16S rRNA 3.5 hrs -Direct NAA assay 

-uses processed sputum specimen 



21 
 

Inno-LiPA 

Rif TB test 

-PCR 

-Reverse hybridisation  

16S-23S 

DNA 

spacer 

region 

1 – 2 days -Detection of MTB and other potentially 

pathogenic mycobacteria 

-Detection of RIF resistance 

-Simultaneous detection of mixed and 

contaminated mycobacterial cultures  

 

Amplicor 

PCR 

 

PCR based 16S rRNA 6.5 hrs -Direct NAA assay 

-uses processed sputum specimen 

GenoType 

MTBDRsl 

(Second-line 

LPA) 

 

NAAT (LPA) gyrA 

embB 

rrs 

1 – 2 days Detects drug resistance to 

fluoroquinolones, plus second-line 

drugs 

Loopamp 

MTB 

Complex 

assay 

(LAMP)  

 

NAAT  

Loop-mediated isothermal 

amplification 

gyrB 

16S rRNA 

Same day -Diagnosis of active TB 

-uses processed sputum specimen 

-Simple and rapid 

-High specificity 

-Minimal training requirement 

*Not an exhaustive list; TB, tuberculosis; DST, drug susceptibility testing; qPCR: quantitative PCR; LPA, line probe assay; NAAT, 
nucleic acid amplification test; LAMP, loop-mediated isothermal amplification; MTB, Mycobacterium tuberculosis; RIF, 
Rifampicin; WHO, World Health Organisation; INH, Isoniazid;
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Detection of drug resistance in MTB using Genotypic DST methods target well 

characterized resistance associated mutations (Table 3). Molecular detection of 

resistance to RIF is particularly suitable because 95% of mutations associated with 

RIF resistance are present in the RRDR (74). For other anti-TB drugs, molecular 

detection of resistance mutations is complex because it requires detection of 

resistance mutations in multiple genes for good concordance with phenotypic results 

e.g. INH and some second-line drugs (Table 1 and 2). Genotypic DST will be a more 

powerful technique in future with improvements in multi-analyte detection and 

multiplex-PCR technologies (75). 

 

1.7.1 Xpert MTB/RIF 

The WHO endorsed the Xpert® MTB/RIF assay in December 2010 as a novel, rapid, 

automated, cartridge-based NAAT that simultaneously detects TB and RIF resistance 

(50, 74). Xpert MTB/RIF is a hemi-nested real time PCR (rt-PCR) assay which utilises 

the molecular beacon technology which recognises and reports the presence or 

absence of the rpoB gene sequence of the wild-type TB (76, 77, 78). Xpert MTB/RIF 

amplifies the RRDR of the rpoB gene and the five overlapping probes hybridise to the 

amplified region (Figure 4). 
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Figure 4:  Target sequence of the rpoB gene core region and molecular beacon 
technology (A) shows the rpoB gene, nucleotide sequence of the 81bp core region of 
rpoB gene and the position of the complementary molecular beacon probes that span 
the entire RRDR (B) Structure of a molecular beacon and onset of fluorescence as per 
(79). 

 

Identification of MTB is determined when at least two probes hybridise while RIF-

resistance is detected when 1 or more probes do not hybridise (called a drop out) or 

when there is a delayed binding of the beacon to the matching sequence [called a 

delayed] (Figure 5) (74, 50). 
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Fig 5: Showing mutations detected in the RRDR by probes A - E. Each sample result 
is indicated by a single vertical line showing all the five rpoB probes, with ∆CT values 
≥ 3.5 cycles indicating RIF Resistance (50). 

 

This technology has emerged and remains one of the most promising tools for rapid 

TB diagnosis and screening for resistance to RIF (80, 81, 82, 83). It can potentially be 

performed at or near point-of-care (POC) (50) and the turnaround time for TB 

detection and RIF resistance can be shortened from a median of 7 or 21 days for 

MTBDRplus assay (version 2) and phenotypic DST respectively to around 2 hours for 

Xpert MTB/RIF after placing the cartridge in the instrument (Figure 6) (84, 85). The 

TB diagnostic landscape has made a significant shift from sputum smear microscopy 

to the Xpert MTB/RIF owing to the superior accuracy of the latter (25, 86, 87, 88, 89). 
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Figure 6: A graphical representation of the assay procedure for the Xpert 
MTB/RIF Test; showing both the manual and automated processes (79) 

 

Xpert MTB/RIF is reported as having a pooled sensitivity of 94%, which is much 

higher than smear microscopy but is similar to that of solid culture in detecting TB (5, 

90) and a specificity of 98% for the detection of RIF resistance (80). Among smear-

positive PTB samples, Xpert MTB/RIF has a pooled sensitivity of 98.7% (95%CI 98.0% 

– 99.2%), but has a substantially lower sensitivity of 75% (95%CI 72.0% - 77.8%) 

among smear-negative PTB samples. The overall pooled sensitivity in diagnosing for 
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RIF-resistant PTB is 94.1% (95%CI 91.6% - 96.0%) and 97.0% (95%CI 96% - 97.7) 

pooled specificity (80). 

 

Xpert MTB/RIF is strongly recommended as an initial diagnostic test for use on 

pulmonary specimens from people suspected of having HIV-associated TB and those 

at risk of MDR-TB (5, 91, 92). Furthermore, the WHO recommends the use of Xpert 

MTB/RIF as an initial diagnostic test for Cerebral Spinal fluid (CSF) in patients 

suspected of TB meningitis and as a follow-on-test to microscopy in adult TB 

suspects not at risk of MDR-TB or HIV-associated TB where further testing of smear-

negative specimens is necessary (76). Details of the performance characteristics of 

Xpert are detailed in Table 4. 
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Table 4: Performance characteristics of Xpert  MTB/RIF assay (25, 92, 93)  

Diagnostic Performance characteristics Advantages Disadvantages 

Xpert 

MTB/RIF 

Pulmonary TB 

As initial diagnostic: Pooled 

sensitivity and specificity of 

88% and 99% respectively when 

used in place of smear 

microscopy 

As an add-on test: pooled 

sensitivity and specificity of 

68% and 99% respectively 

following smear-negative 

microscopy 

In PLHIV: pooled sensitivity of 

79% 

Pooled sensitivity in diagnosing 

for RIF-resistant PTB is 94.1% 

and 97.0% pooled specificity 

Extra-pulmonary TB (compared 

against culture) 

In CSF: 79.5% pooled sensitivity 

and 98.6% pooled specificity 

Gastric lavage and aspirate: 

83.8% pooled sensitivity; 98.1% 

pooled specificity 

Pleural fluid: 43.7% pooled 

sensitivity; 98.1% pooled 

specificity 

Simultaneous 

detection of 

tuberculosis and 

RIF resistance 

 

Lower biosafety 

requirements 

 

Simpler 

contamination 

control 

 

Widespread 

application can 

increase the case 

detection rates 

 

Minimal hands-on 

technical time 

 

Integrated sample 

processes in a 

single, self-

enclosed cartridge 

 

Uses both 

processed and 

unprocessed 

sputum specimens 

 

 

Capital cost for 

GeneXpert 

instrument is 

significantly 

higher 

 

Requires 

uninterrupted 

and stable power 

supply 

 

Temperature 

control 

(maximum of 

300C) 

 

Yearly GeneXpert 

instrument 

calibration 

 

Need for 

confirmation of 

RIF resistant 

result by culture 

and DST 
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The Xpert MTB/RIF has been rapidly adopted by many countries, including Malawi, 

as an initial diagnostic test (5) and by 2015, 69% of countries had recommended its 

use in individuals at risk of DR-TB while 60% recommended it for use in HIV-

positive cases (5). As of December 2015, a cumulative total of 4,672 GeneXpert 

instruments had been procured in countries eligible for concessional pricing which 

comprised of 21,549 modules. Over 6.2 million Xpert MTB/RIF test cartridges were 

procured by the 122 countries in 2015 alone  (1). 
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CHAPTER 2 

 

 

Overview of Tuberculosis in Malawi and Research 
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2.1  Introduction 

Malawi is a landlocked country with an area of 118,484 km2, of which 94,276 km2 is 

land. The country is located south of the equator and shares boundaries with 

Tanzania in the north, Mozambique in the south, southwest and the east, and Zambia 

in the west. Malawi is divided into three administrative regions namely Northern, 

Central and Southern Regions and there are 28 administrative districts (Figure 1). 

Malawi’s population was estimated at 16.5 million people in 2014, of which, 85% live 

in rural areas (1). 

MALAWI 

 

Figure 1: Map of Malawi illustrating its borders, Regional boundaries and the 28 
administrative districts. Insert - Map of Africa showing Malawi’s location on the 
continent (1) 
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2.2 Tuberculosis in Malawi 

TB remains one of the main priority diseases of public health significance among the 

adult population in Malawi despite significant progress in the fight against the 

epidemic. The TB/HIV burden in Malawi is one of the highest in the sub region and 

drug-resistant TB strains have emerged over the years (2). Malawi’s overall TB 

incidence rate is estimated at 193/100,000 with a mortality rate of 52/100,000 (HIV-

negative and HIV-positive people) (3). 

 

There has been a 2 - 5% annual decline of notified TB cases since 2005, reaching 

42.9/100,000 for new smear-positive cases and 121/100,000 in 2013 for all forms of TB 

which is consistent with the WHO estimates that there is a downward trend for TB 

prevalence in Malawi since 2000 (4, 2). The number of new reported smear-negative 

cases has been surpassed by new smear-positive cases since 2011 (Figure 2) probably 

due to improved AFB smear microscopy with the introduction of LED fluorescence 

microscopes (5). Additionally, this could be due to a change in the case definition 

where one sputum smear-positive result is required to define a smear-positive case 

by either conventional or fluorescence microscopy (2).  
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Figure 2: Trend of total notified TB cases by category of disease for the period 2002- 
2013 which shows that notification has consistently declined over the 8 year period in 
Malawi (2). 

 

2.2.1 TB/HIV Co-infection in Malawi 

Malawi is listed among the 30 high TB/HIV burden countries by the WHO and has 

consistently reported that ≥ 90% of TB patients know their HIV status. In Malawi, the 

rate of TB/HIV co-infection has declined from 69% in 2005 to 56% in 2013 which has 

been attributed to an increase in the proportion of HIV tested presumptive TB 

patients from 51% to 92% in the same period (2, 6). Additionally, the observed 

decline in TB case notification rate among HIV infected individuals is also attributed 

to an increase in ART uptake which increased from 54% in 2010 to 94% in 2015 (6). 
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Figure 3 shows trends in absolute numbers of notified TB patients in relation to HIV 

status and ART uptake. 

 

 

 Figure 3: Trends of notified TB patients in relations to HIV testing, HIV status and 
ART uptake in Malawi between 2005 and 2015 (6) 

 

Blantyre and Chiradzulu districts have higher rates of TB/HIV co-infection than all 

other districts in the country (2). The WHO estimates that the TB incidence rate 

among HIV-positive individuals in Malawi is at 104/100000 population and the total 

number of deaths among people infected with HIV is estimated at 7000 (4). 
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2.2.2 Tuberculosis Test Algorithm for Malawi 

Sputum microscopy remains the mainstay for TB diagnosis in Malawi (Figure 4). 

Presumptive TB patients in Malawi submit “spot” and “morning” sputum specimens 

for testing. The spot specimen undergoes smear microscopy on the day it is collected 

while the second specimen undergoes microscopy on the day of receipt in the 

laboratory. If both specimens are negative for AFB, Xpert MTB/RIF is performed on 

the residual sputum from the second specimen. All MDR-TB suspects and treatment 

experienced cases submit sputum specimens for Xpert MTB/RIF and for culture and 

DST for first-line drugs (Figure 4) before starting TB treatment (5). Once RIF 

resistance is detected, second-line TB treatment is immediately initiated in order to 

prevent transmission of MDR-TB, avoid treatment delays in true positive cases and 

the benefits of preventing death, despite the risk of a false-positive result considering 

the low background prevalence of MDR-TB in Malawi (5). 
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Figure 4: Algorithm for Malawi showing stages in management of presumptive and 
retreatment Tuberculosis patients which includes Xpert MTB/RIF testing (5). 

 

2.2.3 Tuberculosis Treatment in Malawi 

The Malawi National TB Programme (NTP) treatment guidelines for first-treatment 

patients include RIF, INH, EMB, PZA which come in a fixed dose combination tablet 

(FDC) and STR (injectable). For previously treated patients, the therapy includes STR, 
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INH, RIF, EMB and PZA. MDR-TB patients receive 6 months of treatment with 

Levofloxacin (LFX), CAP, Cycloserine (CS), Ethionamide (ETO) and PZA which is 

followed by a community based 18 months treatment with LFX, CS and ETO (5). 

Table 1 explains in details the treatment regimens used in Malawi for different forms 

of TB. 
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Table 1: Current guidelines for TB treatment in Malawi (5) 

First line 

All new patients needing treatment 
except TB meningitis 

Intensive Phase  Continuation phase   

RIF, INH, EMB, PZA for 2 months RIF, INH for 4 months 

TB meningitis STR, RIF, INH, PZA, EMB for 2 months RIF, INH for 7 months 
Corticosteroids are given to reduce  

the risk of death 

Previously treated for TB 
STR, RIF, INH, PZA, EMB  for 2 months, 
then RIF, INH, PZA, EMB for 1 month 

RIF, INH, EMB for 5 months 
Patient under DOT throughout the 

whole treatment course 

Second line 

 Intensive Phase Continuation phase  

Multi-Drug resistant TB CAP, LFX, ETO, CS, PZA for 6 months LFX, ETO, CS for 18 months  

RIF-Rifampicin; INH-Isoniazid; STR-Streptomycin; PZA-Pyrazinamide; EMB-Ethambutol; CAP- Capreomycin; CS-
Cycloserine; ETO-Ethionamide; LFX-Levofloxacin; TB-Tuberculosis; DOT-Directly observed treatment



50 
 

2.2.4 Drug Resistance in Malawi 

2.2.4.1 Definition of an MDR-TB Patient 

Presumptive MDR-TB patients in Malawi are defined among others as those with 

previous contact with a known MDR-TB patient, all patients who remain smear-

positive after either 3, or 5 months of treatment (Table 2), patients previously 

successfully treated for TB and new patients who visited high MDR-TB prevalence 

areas like certain parts of South Africa, Lesotho etc (5).  

 

2.2.4.2  Screening for Drug Resistance in Malawi 

Xpert MTB/RIF is the initial screening test for DR-TB in Malawi since 2012. Sputum 

specimens from all smear-positive and smear-negative MDR-TB suspects are 

submitted for Xpert MTB/RIF testing and if RIF resistance is detected, the specimen is 

sent for culture and phenotypic DST at the National TB Reference Laboratory (NTRL) 

to confirm the resistance. RIF susceptible sputum specimens are also sent for culture 

and DST if RIF and other TB drug resistances are highly suspected clinically. Malawi 

NTP recommends that sputum specimens eligible for culture and DST should reach 

NRTL within 4 days of collection (5).  
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In 2011, a national wide TB drug resistance survey indicated that the prevalence of 

MDR-TB was 0.4% among new smear-positive TB cases with a prevalence of 0.3% for 

RIF mono resistance and 2.7% for INH mono resistance. MDR-TB prevalence was 

4.8% among previously-treated TB cases (5). 

2.2.4.3  Management of Patients with Multi-Drug Resistant Tuberculosis 

In Malawi, MDR-TB is managed under outpatient and community-based strategy 

where patients receive treatment in their homes through treatment supporters/health 

workers and undergo longitudinal clinical follow-up at zonal DR-TB referral clinics. 

Sputum specimens are collected monthly both during intensive and continuation 

MDR-TB treatment phases (Table 4) to monitor progress (5). The Malawi strategy for 

managing MDR-TB patients poses a threat of transmission of MDR-TB strains into 

the community.  

2.2.5 Treatment outcomes 

Malawi’s treatment success rate (TSR) was estimated at 84.3% in 2013 for sputum 

smear-positive cases with drug-susceptible TB. The TSR was lower in smear-negative 

than in new smear-positive TB patients. In previously treated individuals with the 

exclusion of relapse cases, TSR was at 75%. For MDR/RR-TB cases, the TSR was 

estimated at 53% (2, 3). 
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Table 2: Actions on treatment and laboratory diagnosis for both smear-negative and smear-positive sputum at different 
time points (5) 

Treatment  

period 

Smear  

Result 

Action 

End of 2 months Negative 

Positive 

Continuation treatment phase 

Continuation treatment phase, repeat smear at 3 months 

End of 3 moths Negative 

Positive 

Proceeding on continuation phase 

Perform Xpert MTB/RIF, Culture & DST. Empirical MDR-TB treatment is considered for 

seriously ill patients 

End of 5 months Negative 

Positive 

Proceeding on continuation phase 

Perform Xpert MTB/RIF, culture & DST, starts retreatment regimen as treatment failure. 

Empirical MDR-TB treatment is considered for seriously ill patients 
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Smear microscopy is performed on sputum samples from retreatment patients at 3, 5 

and 7 months of treatment. Any previously-treated cases that remain smear-positive 

at 5 or 7 months of therapy are initiated on empiric MDR-TB treatment with second-

line drugs (Table 1) in consultation with NTP while waiting for DST results.  

 

2.3   Molecular Genotyping of Tuberculosis in Malawi 

Spoligotyping and IS6110-RFLP have previously been used to determine 

lineages/families of TB strains circulating in Malawi (7). About 75% of TB strains 

belong to lineage 4, with most being of the LAM family, 46% of which belong to 

LAM11 despite the existence of all MTB lineages (8, 9, 10). Recent studies have 

shown an increase in the Beijing genotype (lineage 2) over time and suggest that this 

genotype has stabilized at around 4% of TB cases in the northern Malawi district of 

Karonga (8) (Figure 5). A variety of restriction fragment length polymorphism 

(RFLP) patterns have been identified from patients in the district, suggesting several 

different introductions of the Beijing genotype strains whose origin is not known but 

might have come from areas where this genotype is commonly found e.g. from Asia, 

through Chinese agricultural advisors who had previously worked in the district  

(10, 11). 
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Although an epidemiologic link was not established in most of the cases except for 2 

in a study by Glynn et al (10), RFLP patterns suggested an outbreak of the Beijing 

genotype. Temporal analysis indicated that the Beijing genotype had increased 

significantly in comparison to other genotypes primarily due to the KPS332 strain 

(10). Findings on the Beijing genotype strains from studies conducted in Malawi 

correlate with other studies in South Africa which showed that the Beijing genotype 

was increasing significantly and that it was the most prevalent genotype family (12, 

13, 14). 
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Figure 5: Map of Malawi showing Karonga District where the Beijing genenotype is 
suspected to have come from Chinese Agricultural Advisors (1)

Karonga District where 

Beijing genotype TB strains 

were predominantly found 

due to KPS332 strain 
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2.4   Choice of Study area 

2.4.1 Bwaila Hospital Specimen Description 

Bwaila Hospital (Bwaila) is located in Lilongwe district in the central region of 

Malawi (Figure 6). Lilongwe district covers 6,159 km2 and a total population of about 

1,346,360. In 2008,  a total of 428 patients were treated for TB at Bwaila of which 131 

(30%) were first treatment patients while the remainder were previously treated (15). 

Presumptive TB patients attending service at Bwaila are either transferred from 

Kamuzu Central Hospital or from surrounding health facilities within the district. 

Between April 2011 and July 2012, our site (UNC Project, Lilongwe) conducted an 

observational study comparing the Mycobacterium Growth Indicator Tube (MGIT) 

and Hain GenoType MTBDRplus among outpatients initiating TB treatment at 

Bwaila (Chapter 3; published). From this study, sputum samples were frozen for 

further evaluations (Chapter 4). 
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Figure 6: Map of Lilongwe District showing the location of Bwaila Hospital, UNC 
Project Laboratory and the National Tuberculosis Reference Laboratory. 

 

UNC Project Lab 

Bwaila Hosp 

National TB Reference 

Laboratory (NTRL) 
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2.4.2 National TB Reference Laboratory Specimen Description 

Specimens in this category included pellets from TB patients’ sputum which was 

referred to NTRL for Mycobacterial culture and DST. NTRL is located in Lilongwe 

(Figure 6) and receives sputum specimens from districts across Malawi. Work 

performed on these specimens is described in Chapter 5 which included DNA 

sequencing. 

 

2.5   Research Objectives 

The Malawi NTP recommends using the Xpert MTB/RIF assay as diagnostic tool for 

TB and detection of RIF resistance especially in sputum smear-negative and HIV 

infected individuals based on the previously described findings on sensitivity and 

specificity and that the median time to TB treatment is reduced from 56 days to just 5 

days when using the Xpert® MTB/RIF assay for smear-negative TB (16). Since 2012 

when the Malawi NTP recommended rolling out of the GeneXpert, there are 

currently over 50 GeneXpert instruments distributed across 40 of the 315 public and 

private diagnostic centres (laboratories) with Acid Fast Bacilli testing capacity in the 

country (2). However, to the best of our knowledge, no study has evaluated the 

performance of Xpert MTB/RIF in adult presumptive TB outpatients in Malawi. In 
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addition, the prevalence of rpoB gene mutations is not known in RIF-resistant MTB 

strains circulating in the country. 

 

Thus, this study was aimed at determining the prevalence of drug-resistant TB in 

outpatients and evaluating the performance of Xpert MTB/RIF as a diagnostic tool for 

TB in a Malawian setting. Additionally, the study was aimed at assessing the RRDR 

of the rpoB gene for mutations responsible for RIF resistance in MTB strains and 

establishing the prevalence of such mutations in TB infected Malawians. 

This was achieved by the following: 

o Evaluating the sensitivity and specificity of Xpert MTB/RIF in comparison 

with fluorescence smear microscopy and culture (liquid and solid) for the 

diagnosis of MTB in presumptive TB outpatients at Bwaila Hospital in 

Lilongwe. 

o Comparing the sensitivity and specificity of Xpert MTB/RIF with Hain 

MTBDRplus version 2 in detecting resistance to RIF. 

o Comparing RIF-resistance, as defined by Xpert MTB/RIF, with nucleotide 

sequence data and determining the prevalence of rpoB gene mutations. 
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2.6   Ethics approvals 

Ethical approvals for this study were granted by the following institutions; 

a) University of the Witwatersrand Human Research Ethics Committee: # 

M120256 (Appendix 1) 

b) National Health Sciences Research Committee (NHSRC) in Malawi: NHSRC # 

999 (Appendix 2) 

c) University of North Carolina (Chapel Hill) Institutional Review Board: # CID 

1211 (Appendix 3) 

d) National Health Sciences Research Committee (NHSRC) in Malawi (Change of 

title): NHSRC ≠ 999 (Appendix 4) 

e) National Health Sciences Research Committee (NHSRC) in Malawi 

(Continuing renewals): NHSRC # 999 (Appendix 5) 
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Summary 

Recent estimates of MDR-TB in Malawi indicate that prevalence among patients with 

sputum smear-positive TB for both new and retreatment cases is low (0.4% in new 

cases and 4.8% retreatment cases). Additionally, RIF resistance is also low in Malawi. 

During the study period (2011), the WHO showed that in Malawi, the measured 

percentage of TB cases with MDR/RR-TB was 0.75% among new TB cases and 6.4% 

among previously treated TB cases.  

In the present study, the main objective was to determine the prevalence of MDR-TB 

among presumptive TB outpatient presenting for treatment for the first time and also 

those previously treated at the Martin Preuss Centre at Bwaila in Lilongwe, Malawi. 

TB was culture confirmed in 375 of the patients enrolled in the study which 

comprised of both new (n=349) and retreatment (n=26) cases.  

Our findings show predominance of INH mono-resistance (2.9%, 10/349), 

highlighting the need for rapid detection of INH mono-resistance to prevent 

development of additional RIF resistance and subsequent MDR-TB. Prevalence of 

MDR-TB in this study was 0.3% (1/349) among new cases and 3.8% (1/26) among 

retreatment cases. Findings from our study show a similar trend to that provided by 

the WHO during the study period. 
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CHAPTER 4 

 

 

 

Performance of Xpert MTB/RIF among presumptive 

TB outpatients in Lilongwe, Malawi 
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4.1 Summary 

Diagnosis of TB requires diagnostics which have the potential to improve the 

turnaround time for both detection of tuberculosis and determination of drug 

susceptibility. Before implementing such technologies, there is a need to assess their 

performance in the environment in which they will be used. The following 

manuscript highlights the performance of the Xpert MTB/RIF in a Malawian setting 

using sputum pellets from presumptive TB patients at Bwaila hospital (an HIV/TB 

clinic).  This manuscript has been published by the African Journal of Laboratory 

Medicine (AJLM) and a summary was presented as an oral abstract at the following 

conference: 

  

o Tarsizio Chikaonda, 2013: Introduction and Evaluation of the Xpert® MTB/RIF 

assay in Lilongwe, Malawi.  Health Research Capacity Strengthening 

Conference, Lilongwe, Malawi, 24th – 26th July 
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CHAPTER 5 

 

 

Molecular Characterisation of Rifampicin Resistant 

Mycobacterium tuberculosis Strains from Malawi 
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5.1 Summary 

Confirmation of mutations responsible for rifampicin resistance in Mycobacterium 

tuberculosis strains in Malawi was done by DNA sequencing of the Rifampicin 

Resistance Determining Region (RRDR) of the rpoB gene, with particular focus on 

strains which were define as resistant by the Xpert MTB/RIF. This work is presented 

in the following manuscript, which has been published by the African Journal of 

Laboratory Medicine (AJLM) and was also presented at the following conferences. 

 

a) Tarsizio Chikaonda, E-poster presentation 2015: Sequencing-based detection 

of rpoB gene mutations in Mycobacterium tuberculosis strains from Malawi. 46th 

Union World Conference on Lung Health, Cape Town, 2nd to 6th December. 

E-Poster presentation.   

b) Tarsizio Chikaonda, Oral presentation, 2016: rpoB gene mutations in 

rifampicin resistant Mycobacterium tuberculosis strains from Malawi. National 

TB Conference, Lilongwe, Malawi, 11th to 12th February. Oral presentation 
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CHAPTER 6 

 

 

 

Conclusions and Future Perspectives 
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Conclusions and Future Work 

 

6.1 Conclusions and Recommendations 

TB and MDR-TB epidemics are unlikely to be controlled without better diagnostic 

tools especially in countries with high HIV prevalence.  Malawi is listed among the 

41 high TB burden countries worldwide and yet there is limited data about the 

transmission patterns and population structure of TB drug-resistant strains. 

Additionally, no information is available on the composition of  DR-TB genotypes in 

most of the country’s districts other than Karonga (1, 2). The work from this PhD 

study is the first to characterize the rpoB gene of RIF-resistant MTB strains from 

various districts of Malawi. 

 

Resource limited countries like Malawi should aim at utilizing rapid, reliable and 

accurate methods for TB diagnosis and detection of drug resistance. In the current 

study, Xpert MTB/RIF proved to be a suitable tool in identifying MTB strains and 

detecting resistance to RIF. Our findings support the Malawi NTP decision to adopt 

the Xpert MTB/RIF to diagnose TB and DR-TB in spite of the DR prevalence being 

low (0.3% among new TB cases and 3.8% among retreatment cases) and there being a 
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2.9% prevalence of INH mono-resistance. Staff performing the Xpert MTB/RIF need 

to understand test performance characteristics and utilize confirmatory facilities for 

RIF resistance detected by Xpert MTB/RIF (3) considering the occurrence of silent 

mutations in the RRDR of the rpoB gene and the complexity of molecular 

mechanisms of RIF resistance in MTB (4). 

 

The Malawi NTP recommends a repeat Xpert MTB/RIF and confirmatory DST on 

specimens with RIF resistance (3) which has implications on patient management. 

Between initial diagnosis and availability of DST results, the median delay is about 

40 days using MTBDRplus to longer delays using phenotypic DST. With such delays, 

there is usually a clinical dilemma of which regimen to start (5). Delays in starting of 

treatment increase the risk of death and poses infection control issues. Starting on 

first-line drugs while awaiting confirmatory DST poses the risk of limiting future 

treatment option due to a possibility of amplification of resistance to pyrazinamide 

or ethambutol (6).  

 

The use of DNA sequencing to confirm drug resistance proved to be challenging, 

mostly because of the lack of sufficient DNA quantities for amplification. Inadequate 
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DNA was extracted either from culture or directly from pellets resulting in 

amplification failure of 19 isolates. In resource limited areas, such technical 

difficulties can prove to be time consuming and also expensive. 

 

The overall objectives of this study were met. In line with rolling out of Xpert 

MTB/RIF testing in Malawi, the study aimed at evaluating this technology as a 

diagnostic tool for TB and screening for drug resistance in the adult population by 

comparing its sensitivity and specificity to fluorescent smear microscopy, 

MTBDRplus V2 and mycobacterial culture. Furthermore, the study aimed at 

determining the prevalence of mutations responsible for RIF resistance in the RRDR 

of the rpoB gene among TB strains in the adult population in Malawi. 

 

Chapter 3 addressed levels of drug resistance in presumptive TB outpatients starting 

on treatment at Bwaila in Lilongwe, emphasizing the effectiveness of the Malawi 

NTP. Differences were observed in AFB and culture positivity according to HIV 

status but drug resistance was not associated with AFB smear result, age, gender, TB 

treatment status or TB site. Chapter 4 used 351 stored sputum pellets selected from 

this cohort to evaluate the performance of Xpert MTB/RIF in a Malawian setting. 
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Introduction of the Genotype® Mycobacterium CM identified 4 isolates as NTM, 3 

Mycobacterium intracellulare and one Mycobacterium avium.  NTM can act as pathogens 

or colonisers as such they may have contributed to the patient’s respiratory 

symptoms (7). NTM are not routinely identified in Malawi, suggesting more efficient 

technologies should be adopted such as the Genotype® Mycobacterium CM. 

However, cost of reagents and equipment might be some of the limiting factors to 

implementation of such new technologies.  

 

Finally the study achieved its objective of determining the prevalence of DR-TB 

among presumptive TB outpatients at Bwaila. 

 

Chapter 4 evaluated the performance of Xpert MTB/RIF in outpatients at Bwaila by 

determining its sensitivity, specificity, PPV and NPV which were 93.8%, 97.4%, 97.8% 

and 92.6% respectively compared to culture. Since culture was the reference 

standard, it was established that 4 additional TB cases were identified by Xpert 

MTB/RIF as compared to smear microscopy. Our findings suggest that in 70 

individuals that were classified as smear-negative by microscopy, the sputum 

contained the bacilli that cause TB suggesting that this category of patients could be a 
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substantial source of TB transmission (8).  Prior studies suggest that up 17% of new 

TB cases are acquired from smear-negative cases as such it is critical to break the TB 

transmission cycle both in health facilities and the community by early identification 

and treatment of smear-negative cases (3).  

 

We believe that results obtained by Xpert MTB/RIF may facilitate a proactive 

approach to tuberculosis by enhancing decisions towards treatment and ensuring 

that the TB programme is not treating people who do not have tuberculosis but are 

obviously sick. When this is achieved, it is anticipated that there will be a reduction 

in the burden of tuberculosis among people living with HIV. 

 

 Chapter 5 established rpoB gene mutations in the 81-bp core region of RIF-resistant 

MTB strains circulating in Malawi. This included evaluating Xpert MTB/RIF in the 

detection of RIF resistance in comparison to DNA sequencing. Thus, the presence of 

mutations in 37/43 RIF-resistant strains was determined by amplifying the RRDR and 

performing partial DNA sequencing of the rpoB gene. Despite its advantages over 

phenotypic DST, DNA sequencing is expensive and requires skilled personnel. The 
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PhD candidate achieved such skills of performing DNA sequencing and analysing 

sequences as a result of this work. 

 

One discrepant RIF-resistant strain (described in chapter 4) showed DNA sequencing 

resolved the discrepancy between MTBDRplus V2 and Xpert MTB/RIF in favour of 

MTBDRplus V2. The overall conclusion reached was Xpert MTB/RIF should be 

confirmed by other assays including but not limited to DNA sequencing. This could 

have cost implications but beneficial.  

 

A single M.tb strain was associated with a Probe E failure on the Xpert MTB/RIF 

assay while the amino acid change derived from Sanger sequencing was D516V.  Our 

finding was very unusual considering that mutation D516V is associated with failure 

of Probe B, which covers the positions 513 to 517 of the RRDR of the rpoB gene. 

Different probes are associated with specific codons within the RRDR of the rpoB 

gene as such a correlation would be expected between the probe that failed and the 

amino acid change (9). Repeat testing to verify the obtained results could not be 

performed due to insufficient funds.   
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Despite the limited sample size (n=43) analysed through DNA sequencing, this study 

has shed light on rpoB gene mutations among MTB isolates circulating in the country. 

The Malawi NTP should consider conducting a similar study at national level to 

detect the prevalence of mutations conferring resistance not only to RIF but all 

available drugs in use to treat TB. Despite efforts to have good sample selection 

criteria and a well-represented study specimen number, there were still some 

limitations in that equal number of isolates from each district could not be selected. 

This was probably due to the differences in the number of people failing on 

treatment in relation to the population size of each district. 

 

There is a need to reduce the mean time of sample handling at NTRL in order to 

improve patient care and TB control. Specimens referred for culture and DST from 

district facilities are transported to NTRL by courier services. This increases cost to 

specimen transportation and storage in addition to the complexity of MDR-TB 

testing because of the requirement for significant logistical support and cold chain 

management. If Xpert MTB/RIF can be introduced in all facilities that handle 

specimens for suspected MDR-TB, only eligible specimens for DST (according to the 

algorithm) can be collected and sent to NTRL. Thus, placement of Xpert MTB/RIF in 

such facilities can help reduce transporting huge number of specimens thereby 
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reducing the workload at NTRL and significantly lowering cold chain and 

transportation costs. 

 

6.2 Future Perspectives 

Outcomes in this thesis form a basis for future research on TB in Malawi. The 

identified rpoB gene mutations in RIF-resistant TB strains allows for ongoing research 

to establish the genetic relatedness of these strains as well as with other TB isolates 

across the country and from neighbouring countries. Further analysis should be done 

using DNA fingerprinting and spoligotyping to identify TB strain families circulating 

in the country and establish if there is transmission of drug-resistant TB strains 

among individuals. Such information would help in monitoring dynamics of TB 

transmission within and around Malawi. Molecular testing such as DNA sequencing 

and spoligotyping should be established at NTRL (central level) in order to monitor 

disease transmission trends with a possibility of conducting more studies in future. 

 

The ease of travel between countries experienced in recent times in central and 

Southern Africa poses a real and serious risk of MDR-TB transmission and outbreak 

into Malawi. Mutational analysis has been used in several studies across the globe to 

gain insight in MDR-TB strains of similar and/or different strain families (10). MTB 
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strains included in this study provide a bank of data that can be compared to those 

from neighbouring countries in monitoring the transmission of DR-TB strains. 

 

Overall, technological advancements in molecular techniques such as Xpert Ultra 

(next-generation cartridge) and the GeneXpert Omni diagnostic platform will greatly 

improve TB case detection and determination of drug resistance. This, coupled with 

a concerted effort from infrastructural advancement programmes, funding agencies 

and politicians, molecular techniques will be made more accessible to patients 

requiring TB investigations in Malawi. 
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