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Definitions  

Standard definitions used in the document are given below [1-4] 

� New TB case: a newly registered episode of TB in a patient who has never been 

treated for TB or who has taken anti-TB medicines for less than 1 month [1, 2]. 

� Previously treated TB case: patients who have received 1 month or more of anti-

TB medicines in the past. Previously treated cases may have been treated with a 

first-line regimen for drug-susceptible TB or a second-line regimen for drug-

resistant forms (e.g., shorter MDR-TB regimen) [1, 2]. 

� A bacteriologically confirmed TB case is one from whom a biological specimen 

is positive by smear microscopy, culture, or a WHO-recommended rapid diagnostic 

(such as Xpert MTB/RIF) [1, 2]. 

� A clinically diagnosed TB case is a person who does not fulfill the criteria for 

bacteriological confirmation but has been diagnosed with active TB by a clinician 

or other medical practitioner who has decided to give the patient a full course of TB 

treatment. This definition includes cases diagnosed on the basis of X-ray 

abnormalities or suggestive histology and extrapulmonary cases without laboratory 

confirmation [1, 2]. 

� Pulmonary tuberculosis (PTB) refers to any bacteriologically confirmed or 

clinically diagnosed case of TB involving the lung parenchyma or the 

tracheobronchial tree [1, 2]. 

� Extrapulmonary tuberculosis (EPTB) refers to any bacteriologically confirmed or 

clinically diagnosed case of TB involving organs other than the lungs (e.g., pleura, 

lymph nodes, abdomen, genitourinary tract, skin, joints and bones, meninges).  

� Extensive (or advanced) pulmonary tuberculosis (TB) disease: Presence of 

bilateral cavitary disease or extensive parenchymal damage on chest radiography. 

In children aged under 15 years, advanced disease is usually defined by the presence 

of cavities or bilateral disease on chest radiography [1, 2].  
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� Severe extrapulmonary TB: presence of miliary TB or TB meningitis. In children 

aged under 15 years, extrapulmonary forms of disease other than lymphadenopathy 

(peripheral nodes or isolated mediastinal mass without compression) is considered 

as severe [1, 2]. 

� Drug susceptibility testing (DST): in vitro testing using either molecular, 

genotypic techniques to detect resistance-conferring mutations, or phenotypic 

methods to determine susceptibility to a medicine [3, 4]. 

� Drug-susceptible TB (DS-TB): A bacteriologically confirmed or clinically 

diagnosed case of TB without evidence of infection with strains resistant to 

rifampicin and isoniazid [3, 4]. 

� Rifampicin-susceptible, isoniazid-resistant TB (Hr-TB): TB caused by M. 

tuberculosis strains resistant to isoniazid and susceptible to rifampicin [3, 4]. 

� Rifampicin-resistant TB (RR-TB): TB caused by M. tuberculosis strains resistant 

to rifampicin. These strains may be susceptible or resistant to isoniazid (i.e., MDR-

TB), or resistant to other first-line or second-line TB medicines [3, 4]. 

� Multidrug-resistant TB (MDR-TB): is defined as disease due to M. tuberculosis 

that is resistant to isoniazid (H) and rifampicin (R) with or without resistance to 

other drugs [3, 4]. 

� Pre-XDR-TB: TB caused by M. tuberculosis is strains that fulfil the definition of 

multidrug resistant and rifampicin-resistant TB (MDR/RR-TB) and which are also 

resistant to any fluoroquinolone [3, 4]. 

� XDR-TB: TB caused by M. tuberculosis strains that fulfil the definition of 

MDR/RR-TB and which are also resistant to any fluoroquinolone and at least one 

additional Group A drug (Group A drugs are the most potent group of drugs in the 

ranking of second-line medicines for the treatment of drug-resistant forms of TB 

using longer treatment regimens and comprise levofloxacin, moxifloxacin, 

bedaquiline and linezolid) [3, 4]. 
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Summary 

Background: Pakistan is among the top five high-burden countries for tuberculosis (TB) 

and drug-resistant TB. Extrapulmonary TB (EPTB) accounts for 20% of all notified TB 

patients but there is little information on disease manifestations, bacteriological diagnoses, 

and prevalence of anti-TB drug resistance in EPTB.  

Objective: The overall objective was to study EPTB in Pakistan, and evaluate the 

usefulness of conventional and new diagnostic tools in diagnosing and detecting drug 

resistance in EPTB patients. The first study primarily aimed to describe the disease 

manifestations among EPTB patients notified in Pakistan. The second study aimed to 

assess the performance of a rapid molecular assay, Xpert MTB/RIF (Xpert), and 

histological examination in the diagnoses of tuberculous lymphadenitis. The third study 

aimed to determine the prevalence of rifampicin and other anti-TB drug resistance in new 

EPTB patients and the fourth study aimed to assess the prevalence and genetic profile of 

isoniazid resistance and associated resistance to fluoroquinolone and pyrazinamide.  

Material and Methods: In study-1, descriptive analysis was performed on a retrospective 

cohort of TB patients notified nationwide in 2016. Studies 2 and 3 were performed on a 

prospective cohort of patients presumed to have EPTB in a tertiary care hospital. In study-

2, TB treatment naïve people with enlarged lymph nodes were included and excision 

biopsy specimens were tested by histology, Xpert, and culture. In study-3, patients with 

pleural effusion in addition to people in study-2 with enlarged lymph nodes were included. 

Pleural fluid sediments were tested for smear, Xpert MTB/RIF, and culture. Phenotypic 

drug susceptibility testing (DST) was performed using automated liquid DST (MGIT 960) 

and genotypic DST by line-probe assays (LPA). For study-4, a five-year retrospective DST 

data set was analyzed of TB patients tested in the National TB reference laboratory by 

phenotypic and/or genotypic DST methods. 

Results: In study-1, individual patient data was collected of 54092 TB cases notified in 

2016. Among 15790 EPTB patients included, the three most common forms of EPTB were  
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pleural (29.6%), lymphatic (22.7%), and abdominal TB (21.0%). Pleural TB was the most 

common among adults (34.2%) and abdominal TB in children (38.4%). The likelihood of 

having EPTB, was 1.1 times high for females, 2.0 times for children, and 3.3 times for 

residents of provinces in the Northwest. The treatment success rate for all types of EPTB 

included in the study was high except for TB meningitis. 

In study-2, the performance of diagnostic tools in a cohort of 390 patients with enlarged 

lymph nodes was analyzed and among these 11 (2.8%) were positive by AFB microscopy, 

124 (31.8%) by Xpert, 137 (35.1%) by culture, and histopathology was consistent with TB 

in 208 (53.3%). Using composite results, lymph node TB was diagnosed in 228 of which 

78% were bacteriologically confirmed. Histopathology compared to Xpert had higher 

sensitivity (93 vs. 62%) but lower specificity (68 vs.83%) and in sub-group analysis, the 

sensitivity of Xpert was higher in patients with short clinical history. 

In study-3, bacteriological diagnosis and prevalence of drug resistance was analyzed in 671 

study participants. Bacteriologically confirmed TB was diagnosed in 255 and DST results 

were available for 72.5% (n=185) of EPTB patients. MDR-TB was reported in 2.2% (95% 

CI, 0.6–5.4), resistance to rifampicin in 2.7% (95% CI, 0.9–6.2), isoniazid in 7.6% (95% 

CI, 4.1–12.4), ethambutol in 1.1% (95% CI, 0.1–3.9), pyrazinamide in 2.2% (95%CI, 0.9–

5.5) and fluoroquinolones in 6.0% (95% CI, 3.0–10.4). The sensitivity and specificity of 

LPA-DST was 100% and 98.8% respectively for rifampicin, isoniazid, and 

fluoroquinolone. Rifampicin results were available by all three methods for 82 patients and 

of these five were reported rifampicin resistant by Xpert and only one was confirmed by 

LPA and none by phenotypic DST. 

In study-4, a retrospective DST data set of 11045 TB patients was analyzed. Both 

phenotypic and genotypic DST results were available for 80% of cases. A significant 

difference was reported between resistance detected by phenotypic and genotypic DST 

methods with 16% discordance in rifampicin and isoniazid. Among rifampicin-sensitive 

new EPTB, isoniazid resistance was 6.8% compared to 9.8% in PTB. The genetic profile  
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of isoniazid resistance was similar in PTB and EPTB but the difference was statistically 

significant between rifampicin-resistant and sensitive populations for isoniazid-resistant 

conferring mutations detected in 87% vs 71.6%, the prevalence of katG mutations in 76.1% 

vs 41.2% and inhA in 7.6% vs 30.2% respectively. A significantly higher levofloxacin 

resistance was seen associated with isoniazid resistance. 

Conclusions: Pleural and lymphatic TB collectively comprised 50% of all notified EPTB 

cases. TB was diagnosed by Xpert alone in 54%, while in combination with histopathology 

in more than 95% of all TB lymph node cases. Rifampicin and isoniazid resistance was 

lower in the new EPTB compared to PTB; the difference was not statistically significant. 

The genetic profile of isoniazid resistance and associated fluoroquinolone and 

pyrazinamide resistance in EPTB was comparable with PTB.  
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Sammendrag  

Bakgrunn: Pakistan er blant de fem landene med høyest forekomst av tuberkulose (TB) 

og legemiddelresistent TB. Ekstrapulmonær TB (EPTB) utgjør 20% av alle registrerte TB-

pasienter, men det er lite informasjon om sykdomsmanifestasjon, bakteriologiske 

diagnoser og forekomst av legemiddelresistens i EPTB.  

Mål: Det overordnede målet var å studere EPTB i Pakistan og evaluere nytten av 

konvensjonelle og nye diagnostiske verktøy for å diagnostisere og oppdage 

legemiddelresistens hos pasienter med EPTB. Hovedmålet med den første studien var å 

beskrive sykdomstegnene blant pasienter med EPTB. Målet  med den andre studien var å 

vurdere den diagnostiske ytelsen av en rask molekylær analyse, Xpert MTB/RIF (Xpert), 

og histologisk undersøkelse for tuberkuløs lymfadenitt. Målet med den tredje studien var å 

studere forekomsten av rifampicin og annen legemiddelresistens mot TB hos nye pasienter 

med EPTB, og den fjerde studien hadde som mål å vurdere forekomsten og den genetiske 

profilen til isoniazidresistens samt tilhørende resistens mot fluorokinolon og pyrazinamid.  

Materiale og metoder: I studie 1 ble det utført deskriptiv analyse av en retrospektiv kohort 

av TB-pasienter registrert nasjonalt i 2016. Studie 2 og 3 ble utført på en prospektiv kohort 

av pasienter med antatt EPTB ved et tertiært sykehus. I studie 2 ble personer som ikke 

hadde fått TB-behandling og hadde forstørrede lymfeknuter inkludert, og vevsprøver fra 

eksisjonsbiopsier ble undersøkt  med histologi, Xpert og dyrkning. I studie 3 ble pasienter 

med pleural effusjon i tillegg til personene i studie 2 med forstørrede lymfeknuter, 

inkludert. Pleuravæske ble undersøkt for  syrefastestaver (AFB)-mikroskopi, Xpert 

MTB/RIF og dyrkning. Fenotypisk legemiddelsusceptibilitetstesting (DST) ble utført ved 

bruk av automatisert flytende DST (MGIT 960), og genotypisk DST ble utført ved hjelp 

av line-probe-undersøkelser (LPA). I studie 4 ble et fem års retrospektiv DST-datasett 

analysert for pasienter som ble testet ved det nasjonale TB-referanselaboratoriet ved hjelp 

av både fenotypiske og genotypiske DST-metoder.  

Resultater: I studie 1 ble individuelle pasientdata samlet inn fra 54 092 registrerte TB- 
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tilfeller i 2016. Blant disse hadde 15 790 pasienter EPTB. De tre vanligste formene for 

EPTB var pleural (29,6 %), lymfatisk (22,7%) og abdominal TB (21,0%). Pleural TB var 

den vanligste blant voksne (34,2%), mens abdominal TB var mest utbredt blant barn 

(38,4%). Sannsynligheten for å ha EPTB var 1,1 ganger høyere for kvinner, 2,0 ganger 

høyere for barn og 3,3 ganger høyere for innbyggere i provinsene nordvest i landet. 

Behandlingssuksessraten for alle typer EPTB som var inkludert i studien, var høy, bortsett 

fra for TB-meningitt. 

I studie 2 ble ytelsen til diagnostiske verktøy analysert i en kohort på 390 pasienter med 

forstørrede lymfeknuter. Blant disse var 11 (2,8%) positive ved AFB-mikroskopi, 124 

(31,8%) ved Xpert, 137 (35,1%) ved dyrkning, og histopatologi viste TB hos 208 (53,3%). 

Ved bruk av kombinerte resultater ble lymfeknutetuberkulose diagnostisert hos 228 

pasienter, hvorav 78% ble bekreftet ved bakteriologiske tester. Sammenlignet med Xpert 

hadde histopatologi høyere sensitivitet (93% mot 62%), men lavere spesifisitet (68% mot 

83%), og i undergruppeanalyser var sensitiviteten til Xpert høyere hos pasienter med kort 

klinisk historie. 

I studie 3 ble bakteriologisk diagnose og forekomst av legemiddelresistens analysert hos 

671 studiepersoner. TB ble bekreftet bakteriologisk hos 255, og DST-resultater var 

tilgjengelige for 72,5% (n = 185) av pasientene med EPTB. Multidrug resistant -TB ble 

rapportert hos 2,2% (95% CI, 0,6–5,4), resistens mot rifampicin hos 2,7% (95% CI, 0,9–

6,2), isoniazid hos 7,6% (95% CI, 4,1–12,4), ethambutol hos 1,1% (95% CI, 0,1–3,9), 

pyrazinamid hos 2,2% (95% CI, 0,9–5,5) og fluorokinoloner hos 6,0% (95% CI, 3,0–10,4). 

Sensitiviteten og spesifisiteten til LPA-DST var henholdsvis 100% og 98,8% for 

rifampicin, isoniazid og fluorokinolon. DST-resultater for rifampicin var tilgjengelige for 

82 pasienter ved alle tre metoder  og av disse ble fem rapportert som rifampicinresistente 

ved Xpert, men bare én ble bekreftet ved LPA, og ingen ble bekreftet ved fenotypisk DST. 

I studie 4 ble et retrospektivt DST-datasett med 11 045 TB-pasienter analysert. Både 

fenotypiske og genotypiske DST-resultater var tilgjengelige for 80 % av tilfellene. Det ble  
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rapportert en betydelig forskjell mellom resistens som ble påvist ved fenotypisk og 

genotypisk DST-metoder, med en uoverensstemmelse på 16% for rifampicin og isoniazid. 

Blant nye EPTB-pasienter med rifampicinsensitivitet ble isoniazidresistens påvist hos 

6,8%, sammenlignet med 9,8% hos pasienter med PTB. Den genetiske profilen for 

isoniazidresistens var lik for PTB og EPTB, men forskjellen var statistisk signifikant 

mellom rifampicinresistente og rifampicinsensitive populasjoner når det gjaldt påviste 

mutasjoner knyttet til isoniazidresistens, med 87% mot 71,6% og forekomsten av katG-

mutasjoner på 76,1% mot 41,2% og inhA-mutasjoner på 7,6% mot 30,2%, henholdsvis. 

Det ble observert en signifikant høyere forekomst av levofloxacinresistens i forbindelse 

med isoniazidresistens. 

Konklusjoner: Pleural- og lymfatisk TB utgjorde til sammen 50% av alle registrerte 

tilfeller av EPTB. TB ble diagnostisert ved kun hjelp av Xpert  i 54% av tilfellene, mens 

kombinasjonen av Xpert og histopatologi bekreftet diagnosen  i over 95% av alle tilfeller 

med TB i lymfeknuter. Forekomsten av rifampicin- og isoniazidresistens var lavere blant 

nye EPTB-pasienter sammenlignet med PTB, men forskjellen var ikke statistisk 

signifikant. Den genetiske profilen for isoniazidresistens og tilhørende resistens mot 

fluorokinolon og pyrazinamid var sammenlignbar mellom EPTB og PTB. 
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1. INTRODUCTION 

Tuberculosis (TB) is one of the oldest diseases known to affect humans and studies of 

human skeletons have shown that it has affected humans for thousands of years [5-10]. TB 

is caused by the bacillus Mycobacterium tuberculosis, (M. tuberculosis). The causative 

organism remained unknown until 1882 when Dr Robert Koch announced his discovery 

[11, 12]. The disease is spread when people who are sick with TB, expel bacteria into the 

air by coughing. While pulmonary tuberculosis (PTB) is the most common presentation, 

TB can involve every organ system.  

1.1. Status of TB Epidemics  

The first vaccination was introduced in 1921 and the first effective TB treatment drug was 

developed in the 1940s and an effective TB treatment regimen has been available since 

1970 [13, 14].TB is now a preventable, treatable, and curable disease and despite 100 years 

of vaccination and 70 years of chemotherapy, TB still remains the world’s leading cause 

of death from an infectious agent and claims more than a million lives each year with 

enormous impacts on families and communities [6-9, 15-17]. 

1.1.1. TB disease burden  

 About a quarter (2 billion) of the global population is estimated to be infected with M. 

tuberculosis [18, 19]. On average, only 5-10% of those who are infected develop active TB 

disease during their lifetime, with 3 to 5% developing TB in the first year following 

infection and an additional 3 to 5% any time after the first year [20-22]. TB is a prototypical 

disease of poverty [23, 24]. Despite causing up to half of all human deaths in Europe and 

North America over the past few centuries, TB today primarily affects the developing 

world [5, 6, 24]. An inverse linear association between TB incidence and per capita gross 

domestic product was shown in paired data analysis from 171 World Health Organization 

(WHO) member states [24, 25]. Every year an estimated 10 million (range, 8.9–11.0 

million) people fall ill with TB. Incidence rates at the national level vary from less than 5 

to more than 500 per 100K population per year. TB can affect anyone anywhere, but most 
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people who develop the disease (about 90%) are adults; (adult men, accounted for 56%, 

women for 32%, and children for 12% of all TB patients notified in 2019). Among all TB 

cases, 8.2% were among people living with HIV [26]. 

Thirty high TB burden countries (HBC) account for almost 86% of the global burden and 

two third of the total burden is born by eight countries including India (26%), China (8.5%), 

Indonesia (8.4%), Philippines (6.0%), Pakistan (5.8%), Nigeria (4.6), Bangladesh (3.6%) 

and South Africa (3.3%). This distribution predominantly tracks socio-economic status, 

with sub-Saharan Africa being one of the most intensely affected areas [27]. 

There were about 1.2 million TB deaths among HIV-negative people and an additional 0.2 

million deaths among HIV-positive people, which is more than any other infectious 

disease. The only exception was during 2020-21 when a higher number of people died due 

to COVID-19 than to TB [5, 28]. 

Extrapulmonary tuberculosis (EPTB) refers to TB involving organs other than the 

lungs. The proportion of EPTB among TB cases varies depending on the country of 

origin and associated human immunodeficiency virus (HIV) coinfection [8, 29, 30].  

 

Figure-1: Percentage of people with a new or relapse episode of TB who were diagnosed 

with extrapulmonary TB at country level, 2021 [28] 
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Drug resistance in TB: The emergence of drug resistance in M. tuberculosis was seen in 

the 1940s soon after the introduction of anti-TB chemotherapy [31]. The first outbreak of 

drug-resistant TB was reported in the United States in 1970. The global emergence of 

multi-drug resistance, initiated the post-antibiotic era, making TB essentially incurable in 

many parts of the world [31]. The advent of every new drug led to the selection of mutations 

conferring resistance to it. Rapid onset of isoniazid (H) resistance was seen among patients 

receiving monotherapy in clinical trials but not when H was given in combination with 

streptomycin or para-aminosalicylic acid [32]. Resistance to rifampicin (R) was observed 

soon after it was first administered [33]. Similarly, the emergence of resistance to 

bedaquiline and delamanid was reported soon after introduction [34]. 

Drug resistance in TB occurs through two main mechanisms: (i) primary or transmitted 

drug resistance, which occurs when resistant strains are transmitted to a new host, and (ii) 

secondary or acquired drug resistance, which occurs through the acquisition of drug-

resistant conferring mutations to one or more drugs. For more than 10 years, estimates of 

the proportion of people diagnosed for the first time with multidrug-resistant TB (MDR-

TB) or rifampicin-resistant TB (RR-TB) has remained at about 3–4% and for those 

previously treated for TB has stayed at about 18–21% [35]. This indicates that a substantive 

burden of drug-resistant TB is driven by ongoing transmission [36]. Nearly half a million 

individuals who developed tuberculosis in 2019 had rifampicin resistance (RR), a key first-

line drug for the treatment of tuberculosis. The highest proportions (>50% in previously 

treated cases) of drug resistance are in countries of the former Soviet Union. Globally, 

20.1% (95% CI: 15.5-25.0%) of MDR/RR-TB cases are resistant to fluoroquinolone (FQ), 

a core drug used in the treatment of drug-resistant tuberculosis.  

Globally among R-sensitive TB, the prevalence of H resistance is estimated at 7.4% (95% 

CI 6.5%–8.4%) among new and 11.4% (95% CI 9.4%–13.4%) among previously treated 

TB patients [37]. 
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1.1.2. Global plans and strategies to end TB  

The WHO in 1993, declared TB ‘a global emergency’ with deaths from TB higher than 

any previous year in history [38]. Starting with the Global Plan to Stop TB 2001-2005 there 

have been at least three other global plans. Although progress was achieved, overall, these 

plans failed to reach and treat enough people with TB to make a success of the plan [38, 

39]. WHO’s post-2015 End TB Strategy, adopted by the World Health Assembly in 2014, 

aims to end the global TB epidemic as part of the newly adopted Sustainable Development 

Goals (SDG). It serves as a blueprint for countries to reduce TB incidence by 80%, and TB 

deaths by 90%, and to eliminate catastrophic costs for TB-affected households by 2030 

[40]. The End TB strategy encompasses a package of interventions that can be fully adapted 

at the country level. The strategy provides a unified response to ending TB deaths, disease, 

and suffering. It builds on three strategic pillars underpinned by four key principles. The 

three pillars bring together critical interventions to ensure that all people with TB have 

equitable access to high-quality diagnosis, treatment, care, and prevention, without facing 

catastrophic expenditure or social repercussions. Pillar one of the End TB strategies puts 

patients at the heart of service delivery through integrated, patient-centered care and 

prevention. The four key components of pillar one are (i) Early diagnosis of TB including 

universal drug susceptibility testing (DST), and systematic screening of contacts and high-

risk groups. (ii) Treatment of all people with TB including drug-resistant TB, and patient 

support. (iii) Collaborative TB/HIV activities and management of comorbidities. (iv) 

Preventive treatment of persons at high risk and vaccination against TB.  

With regard to diagnosis and detection of drug resistance, the End TB strategy calls for 

WHO-endorsed rapid diagnostic tools (WRD) for early diagnosis and prompt TB treatment 

[40, 41], rapid DST for at least R for all bacteriologically confirmed TB patients, and DST 

for FQ for all RR-TB patients [42, 43].  

Conventionally, the global strategy had prioritized the detection and treatment of persons 

with PTB based on the fact that TB is transmitted by airborne droplet nuclei and each 
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person with undiagnosed and untreated smear-positive TB causes 10-14 infections per year 

[20, 44]. In the absence of more sensitive diagnostic tools, HBC  

continued to rely on AFB microscopy for the diagnosis of the most infectious TB patients 

[45]. EPTB in general was not and still is not given high priority on the public health agenda 

as it does not contribute significantly to the transmission of the disease [46]. 

1.1.2.1. Estimation of TB disease burden 

Estimates of the burden of TB disease are measured in terms of incidence, prevalence, and 

mortality. To estimate incidence, four main methods are used by WHO; (i) TB prevalence 

surveys results, (ii) notifications in high-income countries, adjusted by a standard factor to 

account for under-reporting and under-diagnosis, (iii) national inventory studies and (iv) 

case notification data combined with an expert opinion about case detection gaps [47]. The 

focus of prevalence surveys is on bacteriologically confirmed PTB in adults, hence 

adjustments are needed to include children and EPTB. Furthermore, the estimation of 

incidence from prevalence is not straightforward as it requires assumptions about the 

duration of disease for different case categories. Mortality is obtained directly from 

national vital registration systems of mortality surveys or is derived indirectly from the 

incidence and case-fatality ratio [47, 48]. 

For surveillance of drug resistance, data is derived from two main sources: first is routine 

DST data (molecular or phenotypic) which constitute a continuous surveillance system for 

at least R, if results are available for the majority (80%) of bacteriologically confirmed 

PTB patients; second is periodic drug resistance surveys (DRS) in settings where routine 

testing capacity is insufficient [47]. Due to inherent challenges in collecting 

extrapulmonary samples, these patients are not included in periodic surveys. The 

prevalence of resistance among EPTB is assumed to be similar to that among PTB patients 

[28]. 

1.1.3. Progress and challenges in TB control/end TB  

Globally, the annual number of people diagnosed with TB and to have accessed TB  



25 

 

treatment has steadily grown from about 6 million in 2015 to 7.1 million in 2019, but still, 

as many as 30% of the estimated cases were missed out on diagnosis, and care [26]. TB 

incidence and deaths are falling, but not fast enough to reach the first milestone  

of the End TB strategy. The Covid pandemic halted the progress in TB control with a 

decline in notifications down to 5.8 and 6.4 million in 2020 and 2021 respectively [5, 28]. 

Laboratory methods for the diagnosis of TB are continually evolving to achieve more rapid, 

accurate, and cost-effective results [49-52]. In parallel with the scale-up of more sensitive 

diagnostic tools, an increase in the proportion of bacteriologically confirmed PTB was 

reported from 57% in 2015 to 63% in 2021 [28]. 

A gradual increase is seen in the proportion of EPTB from 15% in 2015 to 17% of the 

incident TB cases notified globally in 2021. The proportion of EPTB ranges from 8% in 

the WHO Western Pacific Region to 24% in the Eastern Mediterranean Region [5, 26]. 

However, unlike PTB notifications, the proportion of bacteriological confirmation among 

notified EPTB cases is unknown with negligible attempts to monitor it at the country or 

regional level. 

Table 1: Notifications of all forms of TB, new and relapse TB, bacteriologically 

confirmed PTB, and EPTB for WHO regions, 2021 

WHO region Total  

notified 

TB  

N+R 

(n) 

PTB 

N+R  

(n) 

PTB B+ve  

 N+R     

(%) 

EPTB  

N+R 

(%) 

African Region 1 508 787 1 479 535 1 281 737 66% 13% 

Region of the Americas 227 592 213 212 183 202 79% 14% 

South-East Asia Region 3 139 006 2 966 970 2 345 691 65% 21% 

European Region 188 905 157 874 132 091 69% 16% 

Eastern Mediterranean 

Region 

503 760 497 895 383 193 57% 23% 

Western Pacific Region 1 128 312 1 108 034 1 018 904 56% 8% 

Global 6 696 362 6 423 520 5 344 818 63% 17% 

PTB; Pulmonary TB, EPTB: Extra pulmonary TB, N; New. R: relapse, B+ve: Bacteriologically confirmed  

A series of major historical landmarks for TB treatment followed the discovery of the first 

effective medications (streptomycin and para-aminosalicylic acid) in 1944. The revelation 

of "triple therapy" (streptomycin, para-aminosalicylic acid, and H) which assured cure in 
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1952, recognition that H and R could reduce the duration of treatment from 18 to 9 months 

in the 1970s and the observation in the 1980s that adding pyrazinamide (Z) to these drugs 

allowed cure in just 6 months [13, 14]. Most people (about 85%) who develop TB disease 

can be successfully treated with a 6-month drug regimen. The overall high treatment 

success has been sustained over several years. In 2019, the treatment success rate (TSR) 

was 86% which ranged from 74% in the Americas to 91% in the Eastern Mediterranean 

region [26]. 

Globally, testing of bacteriologically confirmed TB cases for R resistance, has increased 

from 7% in 2012 to 61% in 2019 (59% for new and 81% for previously treated TB patients) 

[26]. In parallel, MDR/RR-TB cases diagnosed and initiated on treatment increased from 

122K in 2015 to 181K in 2019. Testing coverage for resistance to FQ forms a critical 

component of recommended treatment regimens for both R-resistant and R-sensitive TB 

[35]. Diagnostic algorithms for drug resistance detection are often driven by testing for 

resistance to R, with further DST only for RR-TB patients. As a result, H resistance among 

R-sensitive populations remains mostly undetected, and often not treated with the WHO-

recommended modified regimen, thus risking poorer treatment outcomes and the 

development of further resistance [53]. 

For TB prevention, Bacillus Calmette–Guérin (BCG), an attenuated form of M. bovis, is 

the only proven effective vaccine. In 1921, the BCG vaccine was first used in humans, and 

in 1974, it was included in the infant immunization programs by the WHO and is one of 

the most commonly used vaccine globally [54]. BCG protects young children against TB 

meningitis and total coverage with BCG can prevent 40 -70% of deaths from TB in children 

and reduce total TB mortality by approximately 6% [55]. However, BCG does not reliably 

protect adults against classical PTB.   

TB preventive treatment is recommended for people living with HIV and household 

contacts with people with bacteriologically confirmed PTB and others at risk of latent TB 

infection (LTBI) [18, 19]. In recent years, access to TB preventive treatment has increased, 

from 1 million in 2015 to 4.1 million in 2019 [26]. 
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1.2. Pathogen and pathogenesis of TB   

1.2.1. Causative organism of TB 

TB is caused by a group of nine closely related bacteria, collectively known as the 

Mycobacterium tuberculosis complex (MTBC) that causes TB in humans and animals [56-

58]. The MTBC species share 99.9% sequence identity and are likely to have evolved from 

a single clonal ancestor [59, 60]. Population genomic studies suggest that  

M. tuberculosis may have emerged ~70,000 years ago in Africa and subsequently 

disseminated along with anatomically modern humans, expanding globally during the 

Neolithic Age as human density started to increase [61]. 

Worldwide TB in humans is mainly caused by M. tuberculosis that results in high mortality 

and morbidity [7, 16, 17]. M. africanum causes human TB but is restricted to West Africa, 

where it accounts for up to 50% of cases [62, 63]. M. canettii is an extremely rare cause of 

human TB in the Horn of Eastern Africa [64]. Whereas M. bovis an animal-adopted strain, 

causes disease in cattle and spreads to humans through animal contact and consumption of 

unpasteurized milk [27, 65]. Other disease-causing species of MTBC are animal-adapted 

strains that range across different mammalian species [66, 67]. M. tuberculosis and  

M. africanum are obligate human pathogens with limited survival outside the human body 

and no known animal reservoir [68, 69]. While it can infect most warm-blooded animals 

and is highly virulent for some, no animals can reproducibly transmit the infection to 

others. Consequently, the continued existence of M. tuberculosis depends on transmission 

among humans [69]. A direct link between virulence and transmission plays a role in 

causing active disease to transmit to secondary hosts [69, 70]. 

M. tuberculosis are slightly curved, rod-shaped bacilli, 0.2 ‐ 0.5 microns in diameter; 2‐ 4 

microns in length, have a thick lipid (mycolic acid) cell wall, is aerobic, non‐motile and 

multiply slowly (~ every 18‐24 hour) [71, 72]. Metabolism can slow to the point of 

dormancy and can remain in this state for decades [73]. 

1.2.2. Immune response against M. tuberculosis.  
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TB transmission usually takes place through the airborne spread of droplet nuclei produced 

by patients with infectious PTB [6-9, 16]. When a person inhales droplet nuclei containing 

M. tuberculosis, it passes through the upper respiratory tract and bronchi to reach the 

alveoli of the lungs [9, 16, 74, 75]. The immune response in TB is complex, in the first 

encounter between the immune system and M. tuberculosis, the effectiveness of the innate 

immune response dictates the clinical outcome. If the innate immune response is strong 

enough and the bacillary load is low, the bacteria are likely to be eradicated [76-82]. 

Otherwise, M. tuberculosis are confined to the host cells, leading to latent infection. At this 

point, the adaptive immune response determines the progress of the disease, from an active 

to a progressive one [83]. 

The key players in the innate defense against M. tuberculosis are the alveolar macrophages 

and dendritic cells [83, 84]. These immune cells, recognize pathogen-associated molecular 

patterns in mycobacterial structures, activate signaling pathways, and lead to the 

production of pro-inflammatory cytokines (such as TNF, IL-1B, IL-12) and nitric oxide, 

and the pathogen is phagocytosed [85-88]. The infested macrophage either undergoes cell 

necrosis or apoptosis or can survive. If the cell undergoes necrosis, mycobacteria are 

released and may infect new macrophages or disseminate. In the case of apoptosis, the cell 

membrane is not compromised, and the bacteria are destroyed within the macrophage. If 

infected macrophages survive, the mycobacteria persist and may even proliferate before 

activation of an adaptive immune response [88-90].  

Dendritic cells are an important mediator between the innate and adaptive immune 

response. In addition to causing phagocytosis, dendritic cell migrates to the regional lymph 

nodes and present mycobacteria antigen to naïve T cells and activates CD4+ T cells, which 

then migrate to the lungs to impede mycobacterial progressive growth [68, 83, 91]. Two 

key cytokines are produced by activated T-cells, Interferon-gamma (IFN-γ) and Tumor 

necrosis factor alpha (TNF-α) [68, 92, 93]. IFN-γ plays a crucial role in macrophage 

activation and intracellular mycobacterial killing [93-95]. TNF-α has immune regulatory 

properties and plays a central role in granuloma formation and macrophage induction [93-
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95]. Once M. tuberculosis colonizes the host, an inflammatory cellular infiltrate to these 

sites triggers the formation of granulomas, most prominently in the lungs. Cellular 

aggregates are constituted of macrophages, multinucleated giant cells, epithelioid and 

foamy cells, granulocytes, and lymphocytes [96-99]. 

1.2.3. Clinical outcomes of M. tuberculosis transmission  

M. tuberculosis produces two distinct disease entities known as primary and post-primary 

TB [69, 98-100]. Both are necessary for the continued survival of M. tuberculosis. Primary 

TB mediates protective immunity to disseminated infection while post-primary TB causes 

tissue damage, that results in the formation of cavities [69, 98-101]. 

Primary TB occurs in immune-competent people when infected with M. tuberculosis for 

the first time. Primary TB typically develops and spreads to regional lymph nodes and then 

systemically for only a few weeks before regressing as immunity develops [100-102]. 

While the lesions may heal, they are seldom sterilized and organisms persist [69, 97]. A 

primary (Ghons) complex is formed, consisting of a granuloma, typically in the middle or 

lower zones of the lung (primary or Ghons focus) in combination with transient hilar and/or 

paratracheal lymphadenopathy and some overlying pleural reaction [68, 100-102]. The 

primary complex usually resolves within weeks or months, leaving signs of fibrosis and 

calcification detectable on chest X-ray [103-105]. The symptoms are mild, non-specific, 

and usually self-resolving [106, 107]. In general, the risk of disease progression is low 

other than in very young or immunosuppressed individuals and those using TNF-

suppressing agents [95]. Infants (<2 years of age) are at the highest risk of disease 

development and potential dissemination [100-102, 108, 109]. Hematogenous 

dissemination of bacilli may occur shortly after primary infection or from any active 

disease site and may result in miliary TB. Miliary granulomas are 1–3 mm in diameter (the 

size of a millet seed), are widespread, and may be found in any visceral organ [108-110]. 

Post-primary TB, also known as adult-type or secondary TB, occurs in people who have 

developed immunity to primary TB. Post-primary TB is typically restricted to the upper  
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lobes of the lungs and does not involve lymph nodes or other organs [111]. About 90% of 

cases recover spontaneously without therapy. However, those who become ill account for 

80% of all clinical cases and nearly 100% of transmission of infection. Little is known 

about bacterial or host features that allow transmission [97]. Lung cavitation and 

transmission is likely dependent on a robust immune response as elderly people and those 

infected with HIV tend to develop more disseminated disease with less cavitation [69, 97-

99, 103, 104, 112]. 

Studies from the pre-antibiotic era suggested an incubation period of under six weeks for 

primary infection and 3-9 months for active TB. It was shown in longitudinal studies, that 

the majority of TB disease manifests soon after infection and rarely occurs more than two 

years after infection. The vast burden of global TB is, therefore, from recently transmitted 

infection [21]. The lung is the predominant site of infection with M. tuberculosis [6-9]. 

This may result in symptomatic, primary PTB disease usually in children or it may develop 

as post-primary PTB in adults [8, 107, 111]. M. tuberculosis may spread at the time of 

initial infection, reactivation, or reinfection (post-primary TB) directly from the lungs, 

through the lymphatic system or bloodstream, to other body sites thereby causing 

extrapulmonary manifestations [7, 9, 111, 113]. In 1948, a timetable for TB was explained 

by Walgreen A., he suggested that PTB manifests within a few months of primary 

infection, miliary and meningeal TB in 2-6 months, TB adenitis in 3-9 months, bones and 

joints after several years, whereas renal and genital TB may take over a decade [22]. 

Risk Factors: The risk of progression from exposure to M. tuberculosis bacilli to the 

development of active disease is governed by both exogenous and endogenous risk factors. 

Exogenous factors like bacillary load in the sputum and the proximity of an individual to 

an infectious TB patient play a key role. Endogenous risk factors and comorbidities such 

as HIV infection, diabetes, malnutrition, and tobacco and substance use disorders increase 

the risk of contracting TB and are associated with poorer TB treatment outcomes [5, 114]. 
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1.2.4. Mechanism of Drug-Resistance in TB  

Members of the genus Mycobacterium have long been noted for their intrinsic resistance 

to a wide array of antibiotics [115, 116]. The majority of drug resistance in clinical M. 

tuberculosis strains is attributed to chromosomal mutations in existing genes that are 

passed along from mother to daughter cells through vertical descent. Unlike many other 

bacterial pathogens, M. tuberculosis rarely recombines via lateral exchange of DNA and 

also lacks plasmids [117]. The primary vehicle driving drug resistance in  

MTB is the acquisition of mutations in genes that code for drug targets or drug-activating 

enzymes [36, 118]. Drug resistance in Mycobacteria species can be driven by mutations in 

genomic regions or target genes that confer protection against anti-TB drugs. These are 

mainly in the form of single nucleotide polymorphism (SNPs), insertions or deletions 

(indels), and to a lesser extent, large deletions. The main mechanisms of drug resistance 

include drug target alteration, overexpression of drug target, disruption of pro-drug 

activation, and efflux pump activation [116, 117]. 

By 1998, resistance-conferring mutations were discovered for classical first and second-

line TB drugs including H (alterations in genes katG and inhA); R (in rpoB); streptomycin 

(in rrs and rpsL); Z (in pncA); ethambutol (in embB); FQ (in gyrA); and kanamycin (in rrs) 

[117]. However, the targeted amplification and sequencing of known or suspected 

resistance genes revealed that these mechanisms were insufficient to explain all phenotypic 

resistance [119, 120]. Resistance mechanisms for several newer drugs including 

bedaquiline, delamanid, and pretomanid were discovered during a period when whole 

genome sequencing (WGS) was becoming routine. Several studies utilizing WGS analysis 

have been conducted to study drug resistance in M. tuberculosis [121]. Findings from these 

studies showed that genomic mutations in various regions of M. tuberculosis are 

responsible for phenotypically diverse drug responses. These studies also provided 

valuable insights into the evolution of drug-resistant M. tuberculosis and the mechanisms 

involved in maintaining its fitness to transmit within or across different geographical 

regions [120, 121].   
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Resistance could be present either at the onset of the disease as a result of the transmission 

of drug-resistant strains (primary drug resistance] or might emerge during the course of the 

disease due to inadequate treatment (acquired drug resistance) [122]. 

1.3. Clinical manifestations of TB  

Following inhalation of M. tuberculosis an individual may have one of the following 

outcomes: i) fail to register an infection, ii) become infected but then clear the infection, 

iii) successfully contain the infection but continue to harbor bacilli in the absence of 

symptomatic disease (LTBI), or iv) develop progressive TB disease [7]. Most infections 

manifest as LTBI, a clinically asymptomatic, contained state; a smaller subset of infected 

individuals present with symptomatic active TB [6-9, 123]. Active TB at times may be 

subclinical with a risk of being missed in diagnosis [123, 124]. 

1.3.1. Pulmonary TB  

PTB is typically classified as primary TB in children and post-primary TB in adults. 

However, owing to the changing epidemiology there is a considerable overlap in the 

radiologic presentations of these entities [125]. PTB in most cases, presents as a disease of 

the lung parenchyma and much less frequently as a disease of the tracheobronchial tree 

only [16, 110, 111, 126]. The classic clinical features of parenchymal PTB disease are 

chronic cough, sputum production, appetite loss, weight loss, fever, night sweats, and 

hemoptysis [126]. A persistent non-remitting cough is the most frequently reported 

symptom [110]. TB symptoms are usually gradual in onset, however, in young children or 

immunocompromised individuals, it may have an acute onset [105, 106]. On rare 

occasions, patients with sub-pleural involvement may present with symptoms of chest pain 

and dyspnea [123, 127]. Chest X-ray findings are often typical with focal, diffuse, or 

reticulonodular opacities in the upper lobe, consolidation, cavities, nodules, miliary 

pattern, intrathoracic lymphadenopathy, and pleural effusion. However, some patients may 

also present with normal chest X-rays [16]. People presenting with any of these symptoms 

and/or a history of contact with infectious TB [108] and/or abnormal chest radiograph 
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 raises suspicion of disease [103, 104, 112]. Symptoms of Endobronchial TB affecting 

the trachea and major bronchi are similar to those of parenchymal PTB, but wheezing and 

dyspnea are often more prominent on examination [128, 129]. It is often misdiagnosed as 

bronchial asthma or bronchial malignancy [128-130]. Intra-thoracic lymph nodes which 

form part of the primary (Ghon) complex are typically seen in young children [101, 102]. 

Peri-hilar and/or paratracheal lymph node enlargement with or without airway compression 

is the cardinal sign of disease. Symptoms are similar to other forms of PTB, but productive 

cough and hemoptysis are rare [125]. Diagnosis is complicated as the disease is often 

paucibacillary and young children are unable to expectorate [16, 102, 125]. Enlarged lymph 

nodes may obstruct large airways resulting in the collapse or hyperinflation of distal lung 

segments. Cold abscesses may form that may erode into surrounding structures like in the 

pericardium, esophagus, or airways leading to TB pericarditis, esophageal TB, lobar 

consolidation, and caseating pneumonia respectively [131].   

1.3.2. Extrapulmonary TB 

TB can involve organs other than the lungs e.g., pleura, lymph nodes, meninges, abdomen, 

joints, bones, genitourinary tract and skin [132-134]. Extrapulmonary involvement may 

present many years after exposure [8, 29, 30]. 

Extra-thoracic lymph node TB (LNTB): Extra-thoracic TB lymphadenitis is one of the 

most common forms of EPTB. The pathogenesis of TB lymphadenitis is less clearly 

understood but is generally thought to be a local manifestation of systemic disease [135, 

136]. More than 40% of LNTB patients have radiological evidence of PTB suggesting the 

lymphatic spread of M. tuberculosis from the parenchyma of the lung. [137, 138]. M. bovis, 

was considered the more likely causative agent before the advent of pasteurization of milk 

[139]. The most commonly affected lymph nodes are in the cervical region, followed by 

the mediastinal, axillary, mesenteric, hepatic portal, peripancreatic, and inguinal lymph 

nodes [44, 140]. The disease is indolent and usually presents as a unilateral painless neck 

mass greater than 2 × 2 cm. It may be occur with or without fistula or sinus formation, or 
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cold abscess [136]. Constitutional symptoms are rare, except in individuals infected with 

HIV. Tenderness or pain is often associated with secondary bacterial infection [135, 138].  

Pleural TB: TB is the leading cause of pleural effusions in TB-endemic countries [141, 

142]. TB pleural effusion (TPE) is usually unilateral and variable in size. Concurrent 

parenchymal involvement is seen in 20 % of patients on chest X-rays and up to 80 % of 

patients on CT scans [141-144]. The typical presentation is acute with fever, cough, and 

localized pleuritic chest pain. TPE when part of a primary infection, is often self-limiting 

but in pregnancy may be associated with occult dissemination with potential risk to the 

fetus. As with all forms of EPTB, the incidence is higher in HIV-infected patients, with 

atypical symptoms, often with less pain, longer duration of illness, and more generalized 

signs [106, 144]. Previously, TPE was considered a delayed hypersensitivity reaction. With 

the advent of improved culture media, M. tuberculosis can be successfully grown in culture 

from as many as 70% of pleural fluids and tissues suggesting a direct infection of the pleura 

[141-143]. TPE thus needs to be included in the differential diagnosis for investigating any 

undiagnosed pleural effusion. 

Gastrointestinal tuberculosis (GITB). Abdominal TB can occur due to ingestion of 

bacilli from swallowed sputum or infected milk, hematogenous spread, local extension 

from contiguous mediastinal lymph nodes to the esophagus, or spread from the gut or nodes 

to the peritoneum [145, 146]. GITB is commonly seen in populations with lower 

socioeconomic status, illiteracy, malnutrition, and HIV [147, 148]. It is uncommon in 

indigenous populations of developed countries [149]. The gastrointestinal tract can be 

involved anywhere along its length. The ileocecal area is the most common site [146, 147] 

and changes are described as ulcerative, hypertrophic, ulcero-hypertrophic, or fibrotic on 

imaging [150]. Proximal GIT is rarely involved [131, 151]. Stomach and duodenum when 

affected, may result in ulcers, which are clinically indistinguishable from peptic ulcers 

[148, 149]. Diagnosis of abdominal TB is often delayed as the clinical presentation is often 

non-specific and two-thirds of these patients have normal chest X-rays [147]. 
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Central nervous system tuberculosis (CNSTB) is thought to be a two-step process. 

Hematogenous spread leads to a tuberculous focus (Rich focus) in the brain, which then 

invades and releases bacilli in the subarachnoid space [152-154]. In HIV-infected patients 

and young children, it is often associated with miliary disease [155]. The most common 

clinical manifestation of CNSTB is tuberculous meningitis (TBM) followed by CNS 

tuberculoma, and rarely as tuberculous encephalopathy and tuberculous radiculo-myelitis 

[156]. Early symptoms are non-specific, including a triad of fever, night sweats, weight 

loss, and headache of increasing intensity. As the disease progresses, patients become more 

confused with reduced consciousness and may present with hemiplegia, paraplegia, urinary 

retention (seen with spinal involvement), and pathognomonic sixth nerve palsy [155]. Neck 

rigidity is typically less pronounced than in acute bacterial meningitis. TBM is the most 

lethal form of TB. Almost a third of HIV-uninfected patients, and more than half of patients 

co-infected with HIV die from TBM, and despite treatment, half of the survivors suffer 

from permanent neurological impairment [72, 73, 125]. 

Osteoarticular tuberculosis (OATB): OATB results from hematogenous spread with a 

predilection for the spine and growing ends of long bones [36]. The infection usually 

remains dormant for 3-4 years before clinical disease. The spine is the most common site 

and bacilli target the red bone marrow resulting in gradual destruction of the bony tissue 

[157-159]. Once the vertebral integrity is lost, the structure collapses, and angulation 

(kyphosis) of the spine develops, which is sometimes followed by the fusion of vertebrae 

(ankylosis). Cold abscess formation or severe spinal angulation may cause compression of 

the spinal cord with neurological sequelae [159]. A paraspinal abscess can appear as a mass 

or psoas abscess that discharges in the groin [158]. The most common initial symptom of 

spinal TB is back pain, which may be present for weeks or months before diagnosis. An 

insidious, progressive back pain raises suspicion of tuberculous spinal infections.  

Genito-urinary tuberculosis (GUTB); GUTB usually results from the reactivation of old, 

dormant tuberculous diseases [160]. The patients are often from a high-prevalence region 

with a history of PTB. The clinical presentation may vary from asymptomatic to non-
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specific constitutional symptoms [161, 162]. Depending on the disease site, the patient may 

present with abdominal pain, abdominal mass, menstrual irregularities, infertility, 

obstructive uropathy, and abnormal renal function tests. Kidneys are most frequently 

affected and patients with renal TB have complaints of recurrent urinary tract infections, 

and sterile pyuria which does not respond to standard antibiotic therapy [161-163]. GUTB 

is often diagnosed late owing to insidious onset and delay may result in disease progression 

and irreversible damage.  

Rare clinical manifestations of EPTB: Patients with TB affecting rare sites may present 

with unusual manifestations like swollen lip [164], severe pancytopenia as a result of the 

involvement of bone marrow [165], pain in the elbow [166, 167], pain in testicles [168], 

adrenalitis and prostatitis [169], cholecystitis [170], keratitis [171], uveitis [172], lupus 

vulgaris resulting in loss of vision and nose [173] and otitis media [174]. Diagnosis of TB 

is even more intricate with these unusual presentations.  

1.4. Diagnosis of TB and drug resistant TB  

The microbiological detection of TB is critical to allow early diagnosis and initiate an 

effective treatment regimen as early as possible [42]. 

1.4.1. Laboratory methods for diagnosis of TB   

Laboratory methods used for the diagnosis of TB are broadly classified into i) direct 

detection of mycobacteria and its products and ii) indirect measurement of the host humoral 

and cellular response against mycobacterium [51, 175]. A summary of diagnostic tools 

endorsed by the WHO for the diagnosis of TB and drug resistance is given in Table-2 [42, 

176]. 

1.4.1.1. Direct methods for detection of M. tuberculosis   

1.4.1.1.1. Direct AFB microscopy  

Mycobacteria have thick lipid cell wall, and once stained resists decolorization with 

acid/alcohol [177, 178]. Direct microscopy is a fast and inexpensive method to identify 

acid-fast bacillus (AFB) [50, 179]. AFB microscopy is a relatively insensitive test with a  
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limit of detection (LoD) of 5000-10000 bacilli per milliliter of sputum. Traditionally, TB 

patients were broadly classified as “smear positive” or “smear negative”, based on 

microscopy results. Due to low sensitivity, paucibacillary TB disease in people living with 

HIV, children, and extrapulmonary TB is often missed by microscopy [49, 52, 175].  

1.4.1.1.2. TB culture 

Culture is more sensitive than smear microscopy with LoD of approximately 10-100 viable 

organisms/mL of specimen. It is also the only reliable mean to monitor the effectiveness 

of therapy in TB patients. A variety of solid (e.g., Löwenstein–Jensen, Ogawa, 

Middlebrook agar) and liquid media (7H9 broth) are available for the culture 

of mycobacteria from clinical specimens. Solid media can take 4–6 weeks (18–24-hour 

generation time) for culture to grow, and liquid media reduces this time by half. The 

Mycobacteria Growth Indicator Tube (MGIT) is a Middlebrooks 7H9 broth-based culture 

method, with an oxygen-sensitive fluorescent sensor to indicate microbial growth. A fully 

automated system BACTEC MGIT 960 (Becton Dickinson Diagnostic Systems, Sparks, 

MD, USA), continuously monitors the fluorescence produced due to growing 

mycobacteria. TB culture using commercially available liquid media is the current gold 

standard method for the bacteriological confirmation of TB [42, 180]. However, delays in 

the diagnosis due to longer turnaround time, the cost of the test, and the need for 

sophisticated laboratory facilities, biosafety equipment, and highly trained staff limit its 

routine use in resource-limited settings [181, 182]. 

1.4.1.1.3. Molecular methods for detection of MTB  

Xpert® MTB/RIF assay (Cepheid, Sunnyvale, USA), is an automated cartridge-based real-

time polymerase chain reaction (PCR) assay designed to simultaneously detect MTBC and 

RR within two hours. This was the first molecular-based assay endorsed by WHO in 2010, 

that has revolutionized TB control globally by contributing to the rapid diagnosis of TB 

and RR-TB disease [183, 184]. In 2017, Xpert® MTB/RIF Ultra (“Xpert Ultra”) a next-

generation assay with improved sensitivity was endorsed [185, 186]. Later more assays 

were recommended by WHO for the diagnosis of TB and drug resistance [187]. Xpert and 
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Xpert Ultra are also recommended for the diagnosis of TB and RR in children, using 

sputum, stool, nasopharyngeal, gastric aspirates, and various EPTB specimens [42]. 

1.4.1.1.4. Antigen detection 

� Lipoarabinomannan (LAM) is the most promising mycobacterial antigen and 

diagnostic tests were among the first to move from the research to the commercial stage 

[21] [188]. LAM is the primary component of the M. tuberculosis cell wall and is 

released from metabolically active and degrading mycobacteria and excreted through 

urine filtration [175, 189, 190]. Immunochromatographic test (ICT) based serologic 

technique is used for detecting LAM antigen. LAM assay performs best in 

immunocompromised patients with disseminated TB, its use is therefore limited to the 

diagnosis of HIV-associated PTB and TB in children but is not applicable for pauci-

bacillary EPTB [188-190]. The test has several potential advantages for rapid diagnosis 

of active TB as urine samples are simple to collect, process, and store, particularly in 

young children, who are often unable to produce sputum [175, 189]. 

� Antigen detection using Immunohistochemistry (IHC) and immunocytochemistry 

(ICC) techniques. These techniques are used to detect Mycobacterial antigens in 

formalin-fixed paraffin-embedded tissue sections, tissue aspirate, and body fluids. 

Different antigens used include BCG, MPT64, M. tuberculosis antigen 85, Antigen 5 

(38kDa), LAM, ESAT6, HspX, Tb8.4, and the phospholipase C encoding A (PlcA) 

protein. The immunostaining technique has been claimed to be robust, rapid and to 

perform equally well in HIV-coinfected TB cases with atypical histological features. 

Immunostaining can be applied to a wide range of extrapulmonary clinical specimens 

with significantly high sensitivity (70-100%) and specificity (65-100%) compared to 

conventional AFB staining [175]. The improved sensitivity is partly attributed to the 

detection of intact as well as degraded bacilli [191-193]. The main disadvantage is 

invasive tissue sample collection and preparation [191-193]. 
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1.4.1.2. Indirect methods for diagnosis of TB 

1.4.1.2.1. Demonstration of granulomatous immune response 

Granulomatous inflammation is a histologic pattern of tissue reaction that appears 

following cell injury. It was first recognized as a distinct entity in the early nineteenth 

century [194]. Granulomatous inflammation can be caused by a variety of conditions 

including infection, autoimmune, toxic, allergic, drug, and neoplastic conditions. The 

resultant granulomatous patterns vary in morphological features and are described as 

necrotizing granulomas, non-necrotizing granulomas, suppurative granulomas, diffuse 

granulomatous inflammation, and foreign body giant cell reaction. The difference narrows 

the pathologic and clinical diagnosis e.g., necrotizing granulomas are typically seen with 

mycobacterial infections and non-necrotizing granulomas with sarcoidosis [194-198]. 

Necrotizing granulomas caused by M.tuberculosis are classically characterized by central 

amorphous caseating granular debris with loss of cellular detail referred to as a tubercle, 

which is encircled by epithelioid cells, lymphocytes, histiocytes, fibroblasts, and 

occasionally Langhans' giant cells [196]. These histologic features are considered 

sufficiently characteristic for a reasonably accurate diagnosis of TB [196]. Since the very 

beginning, concerns had been raised about the use of histological features for the diagnosis 

of TB [199]. While caseating granulomas are typically seen in TB, noncaseating 

granulomas may also occur or classic histologic features may be missing altogether in 

immunosuppressed individuals [195]. Fine needle aspirate is increasingly being used for 

obtaining specimens for examination [200]. Routine histological and mycobacteriology 

analysis plays an important role in the diagnosis of TB [42, 201-203]. 

1.4.1.2.2. Cellular Immunity mediated response  

TB infection can be demonstrated by skin tests and interferon-gamma release assay (IGRA). 

Both these tests evaluate the response mediated by T lymphocytes (cell-mediated immunity) to 

protein products of M. tuberculosis [204]. 

Skin tests are the prototype of cellular immunity-mediated tests. The tuberculin skin test 

(TST) is an intradermal injection of purified protein derivative (PPD) extracted from M. 
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tuberculosis cultures. The PPD is a crude antigenic mixture, which is shared among, M. 

tuberculosis, M. bovis, and other non-tuberculous mycobacteria (NTM) [205]. 

Inflammatory reaction, at the site of injection, results in the characteristic induration 

occurring after 24 hours. The TST results are interpreted by measuring this hypersensitivity 

reaction (delayed-type hypersensitivity) [180]. TST conversion usually occurs 3–6 weeks after 

exposure/infection. A positive TST may suggest an active TB, past infection, BCG 

vaccination, or sensitization by environmental mycobacteria [206].  

Since TST was first introduced in 1890, it has undergone continual refinement in its 

formulation, standardization, and dosage [205, 207]. The PPD from the Statens Serum 

Institute (Copenhagen, Denmark) (PPD-RT23), is accredited and is used for the 

standardization of other PPDs [207, 208]. Until recently, the TST was the only tool for 

detecting LTBI [180]. Recently, various recombinant antigens such as ESAT-6, CFP-10, 

and MPB 64 have been developed to improve the sensitivity and specificity of TB skin 

tests. C-Tb (Statens Serum Institute, Copenhagen, Denmark) is a highly specific skin test 

for the diagnosis of LTBI which is designed to address some of the drawbacks of TST and 

Interferon-gamma release assay (IGRAs). C-Tb is applied and read in the same way as 

TST, but specificity is high and a universal 5 mm cut-point of induration is used for 

interpretation irrespective of the status of BCG, HIV, or both [209]. In TB endemic zone, 

the tuberculin test alone is not sufficient evidence to diagnose EPTB in adult patients.  

Interferon-γ-release Assays (IGRA): In these assays, mycobacterial antigens such as 

ESAT-6 and CFP-10 are used to stimulate mononuclear cells from peripheral blood in-

vitro and interferon-γ produced is measured [180]. This assay is commercially available as 

QuantiFERON-TB Gold (Cellestis, Australia) and T-SPOT TM. TB assay (Oxford 

Immunnotec, UK) [180, 210]. QuantiFERON-TB has a pooled sensitivity of 75% for 

patients with active TB including tuberculous pleuritis and offers a high specificity of 94% 

in patients with non-tuberculous mycobacteria infection [211]. The results are not 

confounded by BCG vaccination and the test also performs well in HIV co-infection, 

malnutrition, and young children with either latent or active TB. These tests are used for 
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the diagnosis of latent TB in many developed countries. In 2019, WHO extended its 

recommendation on the use of IGRAs for the diagnosis of LTBI in low and middle-income 

countries [212]. However, these assays cannot discriminate between latent infection and 

active disease, thereby limiting their use in high endemic countries [180, 210]. IGRAs have 

limited value to screen and rule out EPTB in high endemic countries, but the diagnostic 

accuracy of IGRAs for EPTB is not affected by the immune status of patients [213-216].  

1.4.1.3. Adenosine Deaminase Activity (ADA)  

Adenosine deaminase (ADA), is an enzyme produced by lymphocytes. Raised pleural fluid 

ADA is considered a useful biochemical marker for diagnosis of TPE, especially in high 

TB burden settings when associated with high protein and lymphocytosis. ADA has two 

iso-enzymes, ADA-1 produced by most cells, and ADA-2 which is produced by the 

monocytes and macrophages and is reported to be elevated in TB compared to other 

infections or malignancies [217]. Low pleural fluid ADA level is used to exclude the 

diagnosis of TPE, especially in patients with low pre-test probability [141]. Meta-analyses 

suggest good diagnostic performance for pleural fluid ADA [218-220]. Although raised 

levels do not establish a definite etiology of TPE, it is often used for clinical decisions to 

start anti-tuberculous therapy in the absence of bacteriological evidence. However, despite 

its widespread use, an optimum threshold value is not defined to discriminate TPE from 

other diseases [141, 221].  

1.4.1.4. Antibody-based serological test  

WHO in 2011 banned the use of commercially available antibody-based serologic tests 

for TB diagnosis due to inconsistency and imprecise accuracy and specificity [222]. 

1.4.2. Laboratory methods for diagnosis of Drug-resistant TB  

The phenotypic and genotypic methods are used for the detection of drug resistance. 

1.4.2.1. Phenotypic methods for detection of drug resistance  

Culture-based phenotypic DST (pDST) methods are currently the gold standard for drug 

resistance detection. For pDST, mycobacteria are initially grown in a variety of solid or 

liquid culture media. Positive AFB culture growths are first identified for MTBC before 
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performing DST. Phenotypic methods are time-consuming, and require sophisticated 

laboratory infrastructure, qualified staff, and strict quality control [42, 43]. Rapid 

molecular-based DST is recommended by WHO as an initial test to detect drug resistance. 

However rapid tests for new and repurpose drugs recommended for MDR/RRTB treatment 

are not yet available. The diagnosis of extreme drug resistance TB (XDR-TB) is currently 

dependent on pDST for bedaquiline and linezolid [223]. 

1.4.2.2. Molecular methods for detection of drug resistance (gDST) 

� Line Probe Assay (LPA) 

LPAs are a family of DNA strip-based tests that detect mutations associated with drug 

resistance. In 2008, WHO endorsed the use of the first-line LPA (GenoType MTBDRplus) 

for the rapid detection of MDR-TB [224]. In 2016, second-line LPA, (GenoType 

MTBDRsl ) was recommended by WHO as the initial test for MDR/RR-TB patients, to 

detect resistance to FQs and amikacin instead of pDST [225]. 

� Xpert MTB/XDR Assay (Cepheid, Sunnyvale, USA).  

In 2021, WHO endorsed a cartridge-based Xpert MTB/XDR assay for detecting resistance 

to  H, FQs, ethionamide, and second-line injectable drugs in less than 90min [42]. It is low 

complexity automated nucleic acid amplification test (NAAT) designed for the 10-colour 

GeneXpert instrument. This assay is intended for use as a reflex test on clinical specimens 

determined to be MTBC-positive. The technology has the advantage that it can be 

implemented in intermediate and peripheral laboratories [226, 227].  

� DNA sequencing using next-generation sequencing (NGS) 

NGS is a promising method for the detection of mutations associated with drug resistance 

for many anti-TB drugs with great potential to reduce the need for pDST for patient-care 

decisions and drug resistance surveys. NGS may be particularly useful for resistance 

detection to drugs for which pDST is unreliable or for settings with capacity issues [228]. 

The use of these technologies requires a standardized single reference source for the 

interpretation of mutations. To address this need, WHO has released a catalog of mutations 

in MTBC and their association with resistance [229]. Furthermore, the computational 
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expertise and resources required may limit the initial implementation of the current NGS 

system to central and well-performing regional laboratories [228, 230].  

1.4.3. Challenges in the bacteriological diagnosis of TB  

Challenges are encountered in the diagnosis of PTB and more often in EPTB.   

1.4.3.1. Pulmonary TB 

The diagnosis of PTB is often challenging in children and HIV-co-infected individuals due 

to paucibacillary disease, difficulties in expectoration, and atypical radiological 

abnormalities [231, 232]. Different procedures are used to obtain specimens from young 

children and also adults [233]. Sputum induction is performed using the ultrasonic 

nebulization of hypertonic saline. It is a relatively simple and safe procedure and is also 

suitable for use in resource-limited decentralized settings. It increases TB detection similar 

to more invasive techniques such as bronchoscopy [234-236]. Gastric aspiration is often 

used to obtain swallowed sputum from children and less frequently in adults. [237-239] 

Bronchoscopy and biopsy are used in patients having problems with diagnosis including 

endobronchial TB. [240, 241] 

1.4.3.2. Extrapulmonary TB 

Diagnosis of EPTB is more challenging, first a high index of clinical suspicion is required 

and patients with HIV coinfection, may have a nonspecific presentation [242], second, 

depending on the disease site invasive biopsies may be technically complicated to perform, 

third, EPTB disease is paucibacillary in the majority of the cases and often below the LoD 

of the diagnostic assays, making bacteriological diagnosis even more challenging [175, 

243].  
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1.5. Treatment of TB  

The treatment of TB is centered on curing the individual patient, decreasing the 

transmission of TB bacteria to other people, and preventing the development of drug 

resistance during therapy [244]. 

1.5.1. Drug sensitive TB   

Since 2010, WHO recommended a 6-month treatment regimen composed of R, H, Z, and 

ethambutol (E) for 2 months (2HRZE) followed by 4 months of R with H (4HR) is used 

globally for drug-sensitive TB [245]. The daily dosage of fixed-dose combination tablets 

is recommended with treatment support. In 2020, two new shorter treatment options were 

recommended by WHO including a 4-month regimen comprised of H, rifapentine, 

moxifloxacin, and Z for people aged 12 years or older with drug-susceptible PTB [2]. 

Rapid molecular-based diagnostic tools are recommended to test for resistance to R, H, and 

FQ [2]. The other 4-month treatment regimen (2HRZ(E)/2HR) is recommended for 

children and adolescents between 3 months and 16 years of age with non-severe TB [2, 

246, 247]. The description of non-severe TB includes three EPTB disease forms (peripheral 

LNTB, intrathoracic LNTB without airway obstruction, and uncomplicated TPE) and PTB 

disease which is confined to one lobe of the lungs, is non-cavitary, without a miliary pattern 

and is paucibacillary [246].  A standard six-month treatment regimen is recommended for 

all other forms of EPTB except OATB and CNS TB for which longer therapy with 

adjunctive corticosteroids is suggested [2].  

1.5.2. Drug resistant TB  

1.5.2.1. MDR/RR-TB Treatment  

Until 2016, MDR-TB treatment was based on an injectable drug plus an FQ for a duration 

of 18–20 months or longer [248, 249]. In 2016, WHO grouped MDR-TB and RR-TB as 

MDR/RR-TB and for the first-time recommended use of a short treatment regimen in 

selected patients [250, 251]. The overall success of MDR TB treatment still remained far 

from the 2035 milestones [15]. In 2019, the first integrated recommendation for the  
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management and care of MDR/RR-TB was released [252]. Second-line treatment was 

substantially changed, based on evidence of improved therapeutic success with new 

regimens. Three new drugs (bedaquiline, delamanid, and pretomanid) and two repurposed 

drugs (linezolid and clofazimine) are now recommended for the treatment of drug-resistant 

TB. WHO new guidelines recommend shorter all-oral treatment for MDR/RR-TB patients 

[252]. These changes have also led to changes in the drug classification for MDR-TB, and 

in the definition of extensively drug-resistant tuberculosis (XDR TB) and pre-XDR TB [3, 

248, 252, 253]. 

1.5.2.2. Rifampicin-sensitive and isoniazid-resistant TB treatment  

In 2018, a 6-month treatment regimen including R, E, Z, and levofloxacin (LFX) was 

recommended for patients with confirmed R-sensitive, H-resistant TB [254]. 

1.5.3. TB preventive treatment   

Among individuals infected with M. tuberculosis, there is a 5-10% risk of progressing to 

active TB. The risk is particularly elevated in children under the age of 5 years and people 

with compromised immunity. The recommended TB preventive treatment options include 

6 or 9 months of daily H, 3 months of weekly rifapentine(P) plus H (3HP), and 3 months 

of daily HR. Alternative regimens include 1 month of daily rifapentine plus H and 4 months 

of daily R [255].  

1.6. Situation of TB epidemics in Pakistan  

Pakistan is a country in Southeast Asia with a population of 231 million (2021) and is part 

of the WHO Eastern Mediterranean region [28]. Pakistan’s terrain is divided into three 

major topographic areas: the Northern highlands, the Indus River plain in the east, and the 

Baluchistan plateau in the west.  The country is administratively divided into four 

provinces namely, Punjab, Sindh. Khyber Pakhtunkhwa (KP) and Balochistan, two regions 

including Azad Jammu Kashmir (AJK) and Gilgit Baltistan (GB), and Islamabad Capital 

Territory (ICT). The average population density is 287/sq. km. which varies greatly 

between provinces and districts. Sixty-six percent of the population lives in rural areas and  
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40% of the urban population lives in slums. Pakistan is a lower middle-income country and 

an estimated 4% of the population is living below the international poverty line. The 

prevalence of undernourishment is 12% and 0.1% of the population is infected with HIV, 

12% of females and 13% of males have diabetes whereas smoking is prevalent in 3% of 

females and 38% of males [256]. The HIV epidemic is concentrated in key populations 

including people who inject drugs [257, 258]. 

1.6.1. TB burden in Pakistan 

Pakistan ranks 5th among HBC and has an estimated 611K (445-803K) incident TB cases, 

and 48K people died of TB in 2021 [28]. A TB disease prevalence survey was conducted 

in 2010-11 to estimate the burden of TB in adult population over 15yrs [47, 48, 259]. 

Estimated TB cases are attributed to five risk factors including undernourishment (133k), 

smoking (34k), diabetes (30K), HIV(10k), and alcohol (4.8K) [28]. A fifteen-fold higher 

prevalence of TB is reported in HIV-infected injectable drug users compared to the general 

population in Pakistan [260]. 

Pakistan is also among the top five high drug-resistant TB burdens countries. The first 

population-based national drug resistance survey (DRS) on smear-positive PTB patients 

was conducted in 2012–13. Any resistance to R and MDR was reported in 4.2% and 3.7% 

of the new PTB cases and 19.8% and 18.1% among previously treated cases [261]. Among 

R-sensitive patients’ resistance to LFX and Z was reported at 10.3% and 0·5% respectively. 

Among RRTB, resistance to LFX and Z was reported in 21.8% (13·1–30·5) and 39.5% 

(95%CI 30.1–48.9) respectively [262]. 

1.6.2. Progress and challenges in TB control effort.  

In Pakistan, the implementation of the DOTS strategy started in 2001 [263]. In the initial 

five years, TB care services were established, integrated within the public health sector. In 

the next five years, the TB program focused on improving the quality of diagnostic 

services, and expansion of DOTS coverage in the private sector [264]. Starting in 2009, 

services were expanded to include programmatic management of drug-resistant TB, scale-
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up of rapid molecular diagnosis, culture, and DST services, private sector engagement, 

childhood TB, and active case findings [265, 266]. 

1.6.2.1. TB care and diagnostic services 

The TB diagnosis relied totally on AFB microscopy for the initial 15 years of DOTS 

implementation. Xpert was introduced in 2011, very soon after its endorsement by WHO. 

However, its expansion and uptake was gradual and the diagnostic algorithm was modified 

over time in parallel with improved coverage [265]. Xpert was initially recommended for 

people at risk of DR-TB and those with immunocompromised conditions, in 2015, 

recommendations were expanded to cover the diagnosis of TB in children and EPTB, and 

in 2017 for R testing of all bacteriologically confirmed TB patients and for diagnosis of 

people with abnormal chest X-rays. Finally, in 2021, Xpert testing was recommended for 

all patients with signs and symptoms of TB [265]. R-sensitive TB patients are initiated on 

standard six-month TB treatment and are not tested for resistance to other drugs. RR-TB 

patients diagnosed are referred to specialized programmatic management of drug resistant 

TB (PMDT) treatment sites. The clinical specimen is collected for comprehensive DST to 

investigate for additional drug resistance and RR-TB patients are initiated on second-line 

TB treatment.  

1.6.2.2. TB surveillance system 

In 2019 there were more than 1400 TB management units (TBMU) and 1,746 laboratories, 

including 411 in the private sector, offering TB diagnosis. Xpert testing facilities were 

available in 327 of the laboratories [266]. Each TBMU maintains a standard TB register, 

in which individual patient data (IPD) is recorded of all notified TB patients.  At the end 

of each quarter, all reporting TBMUs prepare TB notification reports in a standard format. 

The facility reports are consolidated into a district report and further into the provincial 

report. Provincial TB programs, validate and submit these reports to the surveillance unit 

of the National Tuberculosis Program (NTP). In these reports, TB cases notified are 

stratified by PTB (bacteriologically confirmed and clinically diagnosed) and EPTB. 
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 However, EPTB cases are not stratified by laboratory diagnosis, and information on EPTB 

disease sites is not included. Treatment outcomes are reported after a year in the same 

quarter and are presented collectively for PTB and EPTB incident TB cases.    

Similarly, separate quarterly reports are generated by the PMDT treatment site for notified 

RR-TB patients started on second-line TB treatment. Information on the disease site (PTB 

and EPTB) is not included in this report. For RR-TB, treatment outcome reports are 

generated after two years.  

1.6.2.3. TB Notification, treatment coverage, and Outcomes  

A gradual increase in TB notification was seen between 2001-2015. TB notifications 

remained stagnant at 164-167/100K during 2016-18 followed by a decline to 

147/100Kpopulation in 2019. [266] This declined further down to 120/100k during the 

COVID-19 pandemic, with partial recovery in 2021 to 147/100k [28]. In parallel with 

enhanced engagement with the private health sector for TB control, a gradual increase in 

private sector contribution to TB notification was noted from 27% in 2016 to 40% in 2021 

[28, 267]. A gradual increase in the proportion of EPTB was noted during the first decade 

of DOTs implementation and is constant at around 20% since 2013. In Table-3, a 

comparison of TB notification by province/region is shown for 2021 compared to 2016 

[28, 267]. 

Table-3: TB notification of pulmonary and extrapulmonary TB in 2016 and 2021   
Tuberculosis Pulmonary TB Extrapulmonary TB EPTB%  

2016 2021 2016 2021 2016 2021 2016 2021 

Pakistan 356390 338844 285068 278567 71322 60277 20% 18% 

Punjab 218284 208353 183141 180473 35143 27880 16% 13% 

Sindh 67987 67218 55878 54414 12109 12804 18% 19% 

Balochistan 10137 11616 7616 8834 2521 2782 25% 24% 

KP 45159 42569 28360 27925 16799 14644 37% 34% 

FATA* 4126   2745 
 

1381   33% 
 

AJK  5663 4848 4113 3597 1550 1251 27% 26% 

GB 2767 3064 2080 2532 687 532 25% 17% 

ICT 2267 1176 1135 792 1132 384 50% 33% 

*FATA districts were merged in KP province in 2018  
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Among PTB cases, the proportion of bacteriologically confirmed is almost constant at  

around 50%. The proportion of bacteriologically confirmed PTB cases being tested for R 

resistance is gradually improving in parallel with improved coverage of Xpert testing. In 

2019, 59% of the new and 89% of previously treated PTB cases were tested for R-resistance 

[26]. A gradual decline in the proportion of RR-TB was noted from 19.8(2013) to 7.3% 

(2019) among previously treated TB patients [26, 265]. Simultaneously a gradual increase 

was seen in MDR/RR-TB patients initiated on second-line treatment from 200 in 2009 to 

approximately 3000 annually. Among MDR/RR-TB patients, almost 40% are pre-XDR 

TB [28, 268].  

Since 2013, TSR for drug-sensitive TB is maintained at above 90% [28]. With the 

introduction of bedaquiline and other new drugs containing shorter treatment regimens for 

MDR/RR-TB patients an improvement in TSR is noted from 64% in 2015-2017 to 73% in 

2018-19 [28], alongside reports of acquired resistance to bedaquiline [269, 270].  

1.6.3. Problem statement 

In Pakistan one in every five TB patients notified has EPTB but there is limited information 

on  

� Prevalence of different disease manifestations of EPTB. 

� Performance of WRD in the diagnosis of EPTB. 

� Prevalence of drug resistance in TB treatment naïve EPTB patients.   

� Prevalence and genetic profile of H resistance in EPTB compared to PTB patients. 
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2. OBJECTIVES  

The overall aim of the studies was to describe disease manifestations, evaluate the 

performance of diagnostic methods and the prevalence of drug resistance in EPTB patients 

in Pakistan  

Study-1  

The primary aim of the study was to describe the disease manifestations of EPTB in 

Pakistan. The secondary objectives included, the study of demographic characteristics and 

treatment outcomes of EPTB patients in routine settings. 

Study-2  

This study aimed primarily to assess the diagnostic value of rapid molecular methods 

(Xpert MTB/RIF) and histological examination in the diagnosis of LNTB. The secondary 

objectives aimed to evaluate the performance characteristics of molecular and histology 

examination against culture and treatment outcomes of patients diagnosed using different 

methods.  

Study- 3  

This study aimed to determine the prevalence of drug resistance in new EPTB patients. The 

secondary objectives included the evaluation of the performance of Xpert in the diagnosis 

of LNTB and TPE and the performance of LPA compared to pDST in the detection of 

resistance to R, H, and FQ. 

Study-4  

The primary aim was to study the prevalence of H-resistance in EPTB and the secondary 

aim was to study the genetic profile of phenotypic H-resistant strains and associated LFX 

and Z resistance in R-resistant and R-sensitive populations among PTB and EPTB patients.  
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3. MATERIAL AND METHODS  

3.1. Study setting, design, and population   

All four studies were conducted in Pakistan. A brief overview of the status of TB 

epidemics, TB care services, and TB control program in Pakistan is given in the 

introduction. A summary of the study settings, design, population, sample size, data 

collection method, and ethical considerations is given in Table-4. Additional details are 

given below  

Study-1: TB patients notified in the routine program setting were studied. During the study 

period (2016), there were 1345 TBMUs with AFB microscopy in all, and 73 in addition, 

had on-site Xpert testing facilities [267]. In 2016, 68% (n=366061) of the estimated 

incident TB cases were notified with 27% contribution by the private sector. Among TB 

cases notified 20% had EPTB. Stratified convenient sampling was used for site selection 

and paper TB registers were collected from 50 TBMU in 32 districts including 29 primary 

(16 public, 13private), 11 secondary (all public), and 10 tertiary hospitals (8 public, 2 

private) covering all provinces and regions. 

Studies 2 and 3: Both studies were nested in a large research project aimed at improving 

the diagnosis of EPTB under routine programmatic conditions in Pakistan. The study was 

conducted at Gulab Devi Hospital (GDH) a tertiary care hospital specialized in TB care. 

Presumptive TB and TB patients are often referred to GDH for consultation and treatment 

from other cities and districts. After the diagnosis, TB patients are offered options for 

treatment in TBMU close to their residence. For this study, eligible patients with 

presumptive LNTB and TPE were recruited from OPD. Among TB patients diagnosed 

those who opted for treatment at GDH were followed till completion of treatment.  

Study 4: TB patients referred in routine program setting to NTRL for DST. Patients with 

valid R and H DST results were included. Duplicates were excluded and results of both 

phenotypic and gDST were included. 
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Table-4: Summary of study settings, design, population, and sample size of four studies 

contained in the thesis  

 Study-1 Study-2 Study-3 Study-4 

Objective  Disease manifestation. 

demography and 

treatment outcomes of 

EPTB patients 

notified in 2016 in 

Pakistan 

The added value of 

histological examination 

compared to the 

molecular method of 

diagnosis  

Primary drug 

resistance in EPTB  

H resistance in EPTB. 

Genetic profile of H 

resistance and associated 

FQ and Z resistance in 

EPTB compared to PTB  

Study 

setting 

Multi-centric  Single center Single center Single reference center  

TB Management unit 

including 37 public 

and 13 in the private 

sector  

Tertiary care hospital 

specialized in TB care 

Tertiary care 

hospital specialized 

in TB care 

NTRL Islamabad, Pakistan 

with a referral for DST 

from 50% of the country 

Study 

Design 

Retrospective  Prospective  Prospective  Retrospective  

Cohort Cohort Cross-sectional  Cross-sectional  

Descriptive  Diagnostic accuracy Prevalence  Observational 

Data 

collection 

Paper TB registers 

with individual TB 

patient data registered 

at health facilities 

selected using 

stratified convenient 

sampling  

Electronic and paper 

clinical record forms of 

patients presumed to have 

TB lymphadenitis.  

Electronic and paper 

clinical record forms 

of patients presumed 

to have TB 

lymphadenitis and 

TB pleural effusion 

Electronic laboratory 

registers of NTRL 

Study 

population 

All types of notified 

PTB and EPTB 

patients in 2016 at 

selected health 

facilities  

Presumptive TB patient 

with lymphadenopathy  

Presumptive TB 

patients either with 

lymphadenopathy or 

pleural effusion 

PTB and EPTB patients 

tested in NTRL with DST 

results for R and H. 

Study 

period 

One year  

(2016) 

April 2016 to  

August 2017 

April 2016 to 

August 2017 

Five years  

(2015-2019) 

Sample size  54092 notified TB 

patients, including  

38,302 PTB and  

15,790 EPTB  

412 presumptive TB 

patients with 

lymphadenopathy   

671 presumptive TB 

patients including 

412 having 

lymphadenopathy 

and 259 with pleural 

effusion 

11045 TB patients, 

including 9647 PTB and 

1398 EPTB 

Ethical 

consideratio

n:  

IRB-CMU(ATM)* 

Islamabad, Pakistan  

NBC-Pakistan and  

REK VEST – 

Norway 

NBC-Pakistan and  

REK VEST -

Norway 

IRB-CMU (ATM)* 

Islamabad, Pakistan 

*Institutional review board, common management unit Aids TB and Malaria, ** National 

bioethics committee Pakistan*** Regional Committee for Medical and Health Research 

Ethics, Western-Norway (REK Vest). University of Bergen (Postboks 7804, 5020 Bergen, 

Norway).  
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3.2. Laboratory methods and reference standard  

Laboratory methods used in four studies are summarized in Table-5.  

Study-1: During the study period, AFB microscopy was a used as frontline diagnostic test 

in routine, and Xpert testing was offered to only a select group of patients at risk of drug 

resistance.   

Study-2: Excision biopsy specimens of lymph nodes were processed for histopathology 

and mycobacteriology including AFB smear, Xpert, and culture.  

Study-3: Excision biopsy specimen of lymph node (same patients as in study-2) and 

pleural fluid specimens were examined at GDH laboratory for mycobacteriology and 

histopathology (Table-5). For pDST, M. tuberculosis isolates were sent to NTRL. DST was 

performed on all MTBC culture isolates using phenotypic automated liquid (MGIT) and 

genotypic (LPA) DST methods.  

Study-4:  All clinical specimens were processed for culture and specimens from known 

RR-TB patients were processed in parallel for rapid gDST (LPA). Automated liquid pDST 

(MGIT) was performed on all MTB culture isolates. In addition, gDST was performed on 

culture isolates if the clinical specimen was not tested or results were not available.   

Reference standard: For diagnostic accuracy, a reference standard was used to evaluate 

the performance of the index test [42]. For study-2, the performance of Xpert and 

histopathology was evaluated against culture. For study-3 performance of LPA was 

evaluated against liquid DST as the reference standard. 

Quality control:  For study-1, quality assessment of AFB microscopy by blinded 

rechecking was implemented in routine settings.  

All DSTs (studies 3 and 4) were performed at NTRL Recommended quality control 

measures were followed and control strains were tested with each batch of DST [271]. For 

external quality assessments, NTRL regularly participated and qualified in annual 

proficiency testing conducted by the TB supranational TB reference laboratory at institute 

of tropical Medicine, Antwerp, Belgium. 
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Table 5: Summary of the laboratory methods in four studies 

  Lab Methods Description  Study-1 Study-2 Study-3 Study-4 

TB Diagnosis  

1 AFB microscopy    

1a Auramine O-stain. Stained smears are 

examined using a Light emitting diode 

(LED) fluorescence microscope, or  

Yes  Yes for 

AFB microscopy of 

clinical samples 

Yes for  

AFB microscopy of 

clinical samples 

1b Ziehl-Neelsen Stain. Stained smears were 

examined using a bright field microscope  

Yes  Yes, for identification of 

AFB in culture growth  

Yes, for identification 

of AFB in culture 

growth  

 2 Rapid molecular Assay: 

 Xpert MTB/RIF v4.0  

(Cepheid, Sunnyvale, CA, USA) 

* Yes ** 

3 Culture    

3a Solid media –Lowenstein Jensen,  No Yes-One slope Yes-One slope   

3b Automated liquid  

MGIT 960; Becton Dickinson, 

Sparks, MD, USA 

No Yes-One tube 

  

Yes-One tube  

4 Identification of cultural growth No Yes, for MTBC 

identification in all 

AFB+ culture isolates 

Yes, for MTBC 

identification in all 

AFB+ culture isolates 

5 Histopathology Hematoxylin and Eosin-

stained section  

*** Yes  NA NA 

Drug susceptibility testing  

1 Phenotypic DST (MGIT 960) 

Becton Dickinson, Sparks, MD, USA) R 

(1.0ug/ml), H (0.1ug/ml), Z (100ug/ml), 

and ofloxacin (2ug/ml) during 2015–17 

and LFX (1.0ug/ml) during 2018–19 

No Yes- on all  

MTBC culture isolate 

Yes- on all  

MTBC culture isolate  

2 Genotypic DST (Line probe assay)     

2a MTBDRplus V2.0 (Hain Lifescience, 

Nehren, Germany) 

No Yes-MTB culture isolate   Yes, clinical specimen 

or MTBC  

culture isolate  2b MTBDRsl V2.0 (Hain Lifescience, 

Nehren, Germany) 

No Yes-MTB culture isolate   

*In selected at-risk population ** done for some at NTRL, information not used for the 

study  

*** Information not recorded in the TB register  
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3.3. Case definitions and statistical analysis  

Case definitions:  A TB case and drug resistance were defined based on composite results. 

[272]. For study-1, the TB case was defined based on AFB microscopy or clinical 

diagnosis.  A bacteriologically confirmed TB case was defined based on positive AFB 

microscopy. For study-2, the TB case was defined based on composite results of Xpert, 

culture, and histopathology. Bacteriologically confirmed TB case was defined based on a 

positive culture and/or Xpert result. Histopathology consistent with TB was defined as 

morphological features showing well or poorly-formed granuloma and/or caseous necrosis 

with or without Langhans-type giant cells. For study-3 and 4, drug resistance was defined 

based on composite results of pDST and gDST.  

Data management and Statistical analysis: Data collected in paper form was entered 

electronically. For study-1, data on the EPTB disease site, if was found missing for more 

than 20% of the EPTB patients notified by any TBMU, the facility was revisited to collect 

missing information from hospital records.  

For study 1,2,3, data was entered in EpiData Manager v4.2 (Epi-Data Association, Odense, 

Denmark). Data analyses was done on Stata v13 (Stata Corporation, College Station, TX, 

USA).  

Logistic regression was performed to calculate odds ratios (OR) and 95% confidence 

intervals for comparisons between groups, while mean, median, and quartiles were 

analyzed for quantitative variables. Two sample proportion test was used to analyze 

differences in proportions between groups. A p-value of <0.05 was considered statistically 

significant. Cross-tabulation was used to calculate sensitivity, specificity, positive 

predictive value (PPV), and negative predictive value (NPV).  

Ethics statement: Ethical approval was obtained for all four studies (Table-4). For the 

prospective cohort, (Study 2,3) participants were enrolled after informed consent. All data 

sets were de-identified before analysis. 
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4. RESULTS  

4.1. Extrapulmonary TB in Pakistan 

4.1.1. Disease manifestations of EPTB  

The TB registers were collected from 50 healthcare facilities with records of 54,092 TB 

patients notified in 2016. EPTB was reported in 29.2% of all TB patients, The most 

common EPTB disease manifestations were pleural (29.6%), lymphatic (22.7%), and 

abdominal TB (21.0%). Pleural TB was significantly more common in males (34.5 vs 

25.1%, P < .001) and lymphatic TB in females (26.6 vs 18.4%, P < .001). Except for 

pleural TB, a higher number of females were notified within each EPTB disease form. A 

steady increase in pleural and OATB was noted with advancing age simultaneously with 

the decline in lymphatic and abdominal TB. 

4.1.2. Demographic characteristics of EPTB patients  

Among the study population, 30 % of females and 27.9% of males had EPTB. The median 

age was 24 years for EPTB and 30 years for PTB patients. Peak notification (27%) for PTB 

and EPTB was seen in the age group of 15-24yrs with females being in the clear majority 

among both disease types (F: M 1.4:1). Children under 15 years had the highest prevalence 

of EPTB (43.3%). The odds of having EPTB (OR), was 1.1 for females, 2.0 for children, 

and 3.3 for residents of the Northwest part of the country. 

4.1.3. Treatment outcomes of EPTB patients  

TSR, for all forms of EPTB collectively was higher compared to PTB. TSR for pleural, 

lymphatic, and abdominal TB was 90% or above but was significantly lower for TBM 

(74%) with a high mortality rate and loss to follow-up among notified cases.  

4.2. Diagnosis of lymph node TB  

A total of 412 people with enlarged lymph nodes presumed to have TB were recruited in 

the study. Excision biopsy specimens were examined for bacteriology and histology. Using 

composite reference standard, 228 patients were diagnosed having LNTB.  
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4.2.1. Performance of laboratory methods in diagnosis of LNTB  

Among 228 LNTB cases, 178 were bacteriologically confirmed including 11 (4.8%) 

positive by AFB microscopy, 124 (54.4%) by Xpert, and 137 (60.1%) by culture including 

83(46.6%) both by Xpert and culture. LNTB disease in the majority (92%) of the cases was 

paucibacillary and MTB detected by Xpert was low to very low. Culture recovery was 

higher in specimens with higher bacillary load and in patients with short clinical history 

(45/55=81.8%) compared to those who were sick for more than three months (22/36=61%). 

Among bacteriologically confirmed, 89% (n=158) had histology consistent with TB.  

Among 208 LNTB having histology consistent with TB, 92% had necrotizing 

granulomatous inflammation, 6% had caseous necrosis without granuloma and 2% had 

granulomatous inflammation without necrosis. Among this group, 76% of LNTB were 

bacteriologically confirmed. Histopathology versus Xpert had higher sensitivity (93 vs. 

62%) but lower specificity (68 vs. 83%) against culture.  

4.2.2. Demography and clinical symptoms  

The median age of LNTB patients was 19 yrs. and 61% were females. Among LNTB 

patients, 38% were sick for 3 months or less, 35% for more than 3 months and history was 

not available for others. Along with lymphadenopathy, 5.2% of LNTB patients presented 

with abscess, and 3% had sinus formation. Of 147 LNTB patients interviewed, 89% 

complained of fever, 52% had a current cough, 37% weight loss, 30% appetite loss, and 

14%-night sweats. Of 157 chest X-rays examined, intrathoracic lymph nodes were reported 

in 30%, abnormal chest X-rays suggestive of TB in 10%, and pleural effusion in two.  

4.2.3. Treatment outcomes of LNTB   

Of 183 LNTB patients followed till completion of treatment, slow clinical response was 

reported in 27% and treatment was extended beyond six months. In a subgroup of patients 

with histology suggestive of TB, no difference in treatment response was seen between 

bacteriology-positive and negative cases. Whereas among bacteriologically-confirmed TB, 

a significantly slower clinical improvement was reported in patients lacking granulomatous  
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response compared to those having histology consistent with TB.  

4.3. Primary drug resistance in extrapulmonary TB  

A total of 671 TB treatment naïve people, including 412 with lymphadenopathy and 259 

with pleural effusion were recruited in the study. The proportion of females and children 

among LNTB was 60% and 27% and among TPE groups was 35% and <1% respectively.  

4.3.1. Bacteriological diagnosis  

Among lymph nodes examined, 43% (178) were bacteriologically confirmed including 

136 positives on culture, 124 by Xpert including 82 by both methods. The performance of 

Xpert against culture in the diagnosis of LNTB had a sensitivity of 60.3%, specificity of 

88.8%, PPV of 66.1%, and NPV of 86.1%.  

Among pleural fluids examined, 29.7% (77) were bacteriologically confirmed, including 

69 positives on culture and 18 by Xpert including 10 by both. The performance of Xpert 

against culture in the diagnosis of TPE had a sensitivity of 14.5%, specificity of 95.8%, 

PPV of 55.5%, and NPV of 75.5%.  

4.3.2. Primary drug resistance  

Among 205 culture-positive EPTB cases, DST results were available for 90.2% including 

pDST for 182 and gDST for 184 patients. Any resistance to R was reported in 2.7% (95% 

CI, 0.9–6.2), H in 7.6% (95% CI, 4.1– 12.4), E in 1.1% (95% CI, 0.1–3.9), Z in 2.2% (95% 

CI, 0.9–5.5) and FQ in 6.0% (95% CI, 3.0–10.4). Resistance to second-line injectable drugs 

was not reported in any case. MDR-TB was reported in four (2.2%, 95% CI, 0.6–5.4) and 

pre-XDR TB in two patients. Among R-sensitive patients, H resistance was reported in 

5.5% (95% CI, 2.9 -10.0) and FQ resistance in 5.0% (95% CI, 2.5 - 9.4). 

4.3.3. Genotypic DST performance and drug resistance profile 

Among 185 cases, RR was detected in five including four strains resistant by both MGIT 

and LPA with resistance conferring mutations in rpoB S531L in all four. One RR was 

detected by LPA, with a mutation in E510H/L511P.  
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Of 14 H-resistance cases by MGIT, 13 were reported resistant by LPA with mutations in 

katG S315T in seven (four MDR-TB and three non-RR-TB strains) and inhA promoter  

region in six (six non-MDR-TB strains). FQ resistance was reported by MGIT in nine and 

11 by LPA, with a mutation in gyrA D94G in five (one MDR-TB and four non-MDR-TB), 

A90V in four (one MDR-TB and three non-RR-TB), and S91P and D94H in one each (both 

non-RR-TB). The sensitivity and specificity of LPA against liquid DST for detection of R, 

H, and FQ resistance were 100% and 99%.  

R results were available for 82 cases by all three DST methods. Among these, five were 

reported RR by Xpert, of these four were sensitive both by MGIT 960 and LPA and only 

one was resistant by LPA (MTBDRplus)  

4.4. Isoniazid resistance, genetic profile, and associated resistance 

We analyzed a large five-year DST data set from 11045 TB patients (PTB=9647, 

EPTB=1398) tested in NTRL Pakistan. The proportion of females, children (<15yrs), and 

new TB cases was 48.6%. 6.1% and 44% among PTB and 49.7%. 17% and 91.7% 

respectively in EPTB patients.  

EPTB disease site: Among 1398 EPTB patients included, 41% had LNTB, 20.5% TPE, 

6.2% TBM, 1.0% had pericardial TB, 0.5% had GUTB, 2.9% other disease sites and in 

27.9% EPTB disease site was not specified. 

4.4.1. Rifampicin and isoniazid resistance  

Of all cases included, 79.5% (n=8787, PTB=7551, EPTB=1236) of the isolates were tested 

by both pDST and gDST methods. A significant difference was seen in the proportion of 

R and H-resistance detected by pDST and gDST methods (P < .001) among PTB isolates. 

Among the study population, 55.4% of PTB (n=7551) and 9.5% of EPTB were RR. Among 

RR, 94.9% (95% CI, 94.2–95.5) of PTB and 90.7% (95% CI, 83.9–95.2) of EPTB were 

MDR and among R-sensitive, 11.6% (955 CI, 10.5–12.7) of PTB and 6.7% (95% CI, 5.4–

8.3) of EPTB were resistant to H.  
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4.4.2. Genotypic profile of isoniazid resistance  

Rifampicin resistant TB. Among 3971 MDR-PTB isolates, 13.1% (519) of the strains 

were genotypic wild type (WT) on LPA. Genetic mutations were detected in katG in 

76.1%, inhA in 7.6%, and combined katG and inhA mutations in 3.1%. Among 107 MDR- 

EPTB isolates, 8.4% were genotypic WT, mutations were detected in katG in 79.4% and 

inhA in 10.3%, and double mutation in 2 isolates.  

Rifampicin sensitive TB. Among 389 H-resistant PTB isolates, 29.6% (115) were 

genotypic WT, and resistance-conferring mutations were detected in the katG gene in 

40.6%. inhA in 29.6%, and double mutation in one isolate. Among 75 H-resistant EPTB 

isolates, 22.7% were WT on LPA. H-resistant conferring mutations were detected in katG 

in 44%, and inhA in 33.3%, with no double mutation.  

Within both RR and R-sensitive populations, significant differences were not reported in 

H genetic profile between PTB and EPTB, new and retreatment, or in annual trends  

4.4.3. Associated levofloxacin and pyrazinamide resistance  

Rifampicin resistant TB. Among MDR-PTB isolates (n = 3969), resistance to LFX, Z 

and combined LFX and Z were reported in 49%, 47%, and 27.9%, compared to 23.8%, 

6.4%, and 3.0%. in RR-TB isolates not associated with H-resistance (n = 214). Similarly, 

among MDR-EPTB (n = 107) isolates, resistance was reported in 48.6%, 61.7%, and 33.0% 

compared to 9.1%, 0%, and 0% in RR-TB not associated with H resistance (n = 11). The 

difference in resistance was not significant between PTB and EPTB, new and previously 

treated TB. 

Rifampicin sensitive TB. Among 389 R-sensitive H-resistant PTB isolates, resistance to 

LFX, Z, and combined LFX and Z, isolates were reported in 25.2%, 12.2%, and 6.4% 

respectively compared to 13.0%, 3.7%, and 1.0 in 2976 H sensitive isolates. Among 75 H-

resistant EPTB isolates, resistance was reported respectively in 6.7%, 8.8%, and 0% 

compared to 7.2%, 2.8%, and 0.2% in 1042 H-sensitive EPTB isolates. Significant 

differences were not seen in the annual trend of resistance to LFX and Z.  
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Study-1 

Study-2

Study-3

Study-4

H-resistance among R-sensitive new EPTB 
patients was  6.8% (95% CI, 5.4-8.5). The genetic 

profile of H-resistance was similar in PTB and 
EPTB. There was a significant difference in H 

resistance profile between RR and R-sensitive TB 
and a higher LFX and Z resistance associated 

with H resistance 

In TB treatment-naive EPTB patients, any 
resistance to rifampicin was 2.7% (95% CI 0.9–

6.2), isoniazid 7.6% (95% CI, 4.1– 12.4), 
pyrazinamide 2.2% (95% CI, 0.9–5.5) and 

fluoroquinolones  6.0% (95% CI, 3.0–10.4).  

Xpert MTB/RIF assay diagnosed TB in  54%  
and combined with histological examination, in 

more than 95% of the of all TB lymph nodes 
cases

The three most common prevalent EPTB 
disease manifestations in Pakistan are pleural 

(29.6%), lymphatic (22.7%) and abdominal TB 
(21.0%)

Figure-2: Key finding of four studies included in thesis  
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5. DISCUSSION 

5.1. Methodological considerations  

5.1.1. Study design, study population, and follow-up period 

Study-1: A retrospective cohort study design was considered suitable to study a large 

number of EPTB patients for disease manifestations. Data collection was started in 2018, 

and a cohort of 2016 was considered most appropriate for the study as this was the most 

recent cohort to have completed treatment by that time point. Standard TB registers were 

collected with IPD including age, sex, previous history of TB treatment, laboratory results, 

and treatment outcomes.  

The main advantage of the retrospective study design was that it allowed a large sample of 

TB patients with representation from all provinces/regions and all tiers of health care to be 

entered into a study. The study design had the additional advantage of time and cost 

efficiency. Second, as standard TB registers were used as a data source, information on the 

same variables was available for the majority of the patients. Lastly, observer bias was 

possibly minimal as TB data was collected in a routine setting independently of any 

specific hypothesis. The key weaknesses of this design included, first, incomplete or 

missing records in some e.g., disease site was not recorded in 10% of EPTB patients. 

Second, as it was an observational study, it was not possible to differentiate between causal 

links or simple associations for any reported significant association e.g., high notification 

of abdominal TB in children in the Northwest part of the country.  

Study-2 and 3: Both studies were nested in a larger research project designed as a 

prospective cohort study. The main advantage of the study was that all patients were pre-

screened and only TB treatment naïve patients were included. Excision biopsy was 

performed on all and specimens were systematically tested using Xpert, culture, and 

histological examination (in the case of lymph nodes). The main limitations of the study 

design were that, it was a single-center study, second as it was conducted in a tertiary care 

setting, where a considerable number of patients were referred for consultation or second 
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opinion with diagnostic tests already performed in some. All these lead to slow recruitment 

in the study. 

Study-2: Other than mentioned above, the additional strength of this study was that the 

STARD (STAndard for reporting diagnostic accuracy studies) checklist for the reporting 

of diagnostic accuracy was followed as closely as possible [273, 274]. Composite results 

were used for final diagnosis and treatment outcomes were studied for subgroups of 

patients reported positive by different diagnostic methods. The key weaknesses were 

incomplete clinical and radiological data as only 2/3rd of the patient consented to in-depth 

interviews and treatment at the study site and all chest X-rays were not available in the 

hospital record at the time of the second reading. 

Study-3: The main limitation of the study was that over 17 months, only 671 eligible 

people (412 with enlarged lymph nodes and 259 with pleural effusion) were recruited. 

Furthermore, among 255 bacteriologically confirmed TB cases, DST results were available 

for 72.5% of patients.   

Study-4: For this laboratory-based surveillance study, cross-sectional study design and 

retrospective sampling were considered suitable. PTB and EPTB patients, for whom DST 

was performed during 2015-19, using pDST and/or gDST method were included. Only one 

unique isolate per TB patient was included in the final data set. The main strength of the 

study design was that retrospective sampling allowed analysis of large DST data set for H 

resistance, genetic profile, and trend over time. Furthermore, for almost 80% of the 

patients, both pDST and gDST results were available. The main weakness of the 

retrospective study design was that TB patients were classified as new and previously 

treated based on information in the laboratory request form with possibilities of errors and 

misclassification. Lastly, as it was a laboratory-based study, patients were not followed for 

treatment outcomes.  
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5.1.2. Laboratory methods and reference standard  

Study-1: AFB microscopy was the only method used for TB diagnosis. More than 50% of 

PTB and almost all EPTB patients were diagnosed clinically and initiated on TB treatment 

with the possibility of over and under-diagnosis. 

Study-2: Slightly more than half of all LNTB patients were diagnosed by Xpert.  Xpert 

Ultra with better sensitivity was not yet launched at the time of study and GeneXpert 

MTB/RIF version G4 was used with the possibility that Ultra would have higher 

bacteriological confirmation compared to our results. 

Study-3: Xpert MTB/Rif was performed on clinical samples whereas LPA and pDST were 

performed on the same culture isolates. GeneXpert MTB/RIF version G4 is known to report 

false RR in specimens with a low bacillary load. We reported a very low sensitivity and 

specificity of Xpert for RR detection, our conclusions most likely will not apply to Xpert 

Ultra, which is claimed to have overcome the issues of false RR.  

Study-4: Composite results of pDST and gDST (LPA) were used to define resistance, but 

further investigation was not done to analyze the reason for discordance. 

Reference standard:  

The gold standards are seldom perfect and absolute predictors of disease. In medicine and 

statistics, a gold standard test refers to a diagnostic test or benchmark that is the best 

available under reasonable conditions [275]. For evaluating new tools for the diagnosis of 

TB and drug resistance, culture and the phenotypic liquid DST is considered the gold 

standard. However, culture is known to be an imperfect reference standard [42, 276]  as 

mycobacteria may fail to grow on culture due to various reasons [277, 278]. Similarly, 

pDST is also challenged as the gold standard for resistance detection and it is reported to 

miss clinically and epidemiologically highly relevant resistance [279, 280]. The use of a 

reference standard which is not perfect is likely to have added bias to our analysis for 

performance characteristics of the index test with the risk of underestimating the specificity 

by regarding the true positive result as false positive (study-2).  
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In study-4, we reported significant differences between pDST and gDST in resistance 

detection to R and H.  

For analysis of performance characteristics,  index and reference tests need to undertake 

simultaneously to avoid biases caused by changes in true disease status. [42]. In our study, 

although the same specimen was used for all tests, however in study-3, Xpert was 

performed on clinical samples whereas both pDST and gDST (LPA) were performed on 

culture isolates. In study-4, LPA was performed on clinical samples for the majority of the 

cases and pDST was performed on culture isolates. This probably was the reason for good 

agreement between pDST and LPA in Study-3 but not in study-4.  

5.1.3. Reliability and validity  

The quality of the findings is largely dependent on the quality of the data. Reliability is 

about the consistency of a measure, and validity is about the accuracy of a measure [281]. 

5.1.3.1. Internal validity 

Internal validity defines the extent to which the observed results represent the truth in the 

study population and, thus, are not due to methodological errors.  

Study-1: For site selection, we purposefully went for oversampling of EPTB to study a 

wider spectrum of EPTB disease manifestations. There was thus a higher proportion of 

EPTB in our study sample (29%) compared to national notification (20%) in the same year. 

Selection bias as a result of non-random selection of health facilities and information 

missing on disease sites for 8.5% of EPTB patients, is likely to have skewed our findings 

to some extent. Furthermore, almost all EPTB patients were clinically diagnosed, the 

possibility of overdiagnosis and detection bias resulting in higher notification of abdominal 

TB in the Northwest province cannot be excluded.  

Study-2-3: The study was conducted in a single specialized tertiary care hospital for TB 

with the possibility of recruiting patients having a higher risk of TB and drug-resistant TB. 

A structured questionnaire was used for interviewing TB patients to collect information on 

symptoms and duration of illness, diagnostic and treatment delays. However, only 64% of 
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patients participated in the in-depth interview with the possibility that 36% of the missing 

data and/or recall bias among interviewed might have skewed the results. 

Study-2: Internal validity of the study is likely to be high, as only lymph node excision 

biopsy specimens were studied. We reported a significantly higher sensitivity of Xpert in 

patients with short compared to those with a long history of illness. There is a possibility 

that information on the duration of illness missing for 34% of patients may have biased the 

results and interpretation. Furthermore, the dropout of 20% of the EPTB patient from the 

treatment cohort may have biased treatment outcomes findings. Moreover, subgroups of 

patients analyzed for differences in treatment outcomes were very small in number for 

precise estimations e.g., there were only four bacteriologically confirmed LNTB patients 

with non-necrotizing granuloma.  

To study the prevalence of concomitant PTB, chest X-rays were reread and 10% of patients 

were reported having abnormalities suggestive of TB. AFB microscopy was performed on 

sputum for diagnosis of PTB. Among all LNTB patients, only one was reported to have 

concomitant PTB based on AFB microscopy, with the possibility of underdiagnosis of 

concurrent PTB due to the use of a less sensitive diagnostic method.  

Study-3: Patients with a history of previous TB treatment were excluded. The possibility 

of misclassifying a patient as a new TB case due to recall bias or purposeful intent to hide 

previous TB treatment (social desirability bias) cannot be excluded. Moreover, due to low 

enrolment, the sample size reached for bacteriologically confirmed TB cases with DST 

results was not powered sufficiently for a very precise estimation of R, H, and FQ 

resistance in LNTB and pleural TB patients.  

Study-4; A constant annual trend of H resistance among new PTB and EPTB patients 

reflects good internal validity. Clinical data was collected from information provided in the 

laboratory request form in routine practice.  Clinical information was missing in some and 

the possibility of errors in recorded information and misclassifying some TB patients 

cannot be excluded.  
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5.1.3.2. External Validity  

External validity refers to the extent to which the results of a study are generalizable to 

patients in daily practice, especially for the population that the sample is thought to 

represent.  

Study-1: Health facilities with a higher proportion of EPTB notifications were selected. 

Moreover, the majority of the EPTB patients were diagnosed clinically with the possibility 

of the reported prevalence of various EPTB disease manifestations being different from the 

true prevalence. 

Study 2: The research study was conducted in a tertiary hospital specialized in TB care 

and only excision biopsy specimens of lymph nodes were examined for diagnosis of TB, 

which limits generalizing findings of this study to other specimen types and other EPTB 

disease sites and other settings. 

Study-3: Similar to the limitations mentioned above (Study-2), there is also a  possibility 

that a higher proportion of patients at risk of drug resistance were included in the study 

population. We studied drug resistance in patients with lymph node TB and pleural TB, 

which limits generalizing the prevalence of drug resistance to the population level and other 

types of EPTB disease.  

Study-4: For this study, DST data was collected from NTRL. As only a select group of 

known RRTB patients or those at risk of drug resistance or difficult to diagnose are mostly 

referred to this laboratory there is a strong possibility that reported H and FQ resistance 

among the R-sensitive study population was higher compared to TB patients at population 

level. 

Reported prevalence and genetic profile of H-resistance in R-sensitive population were 

consistent between study-3 and study-4 suggesting good external validity  
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5.2. Discussion on main findings  

5.2.1. Extrapulmonary TB in Pakistan.  

In 2016, a total of 366,061 all-type TB patients were notified in Pakistan, and of these, we 

studied IPD of 54,092 TB cases including 15,790 having EPTB. The population studied 

comprised 84.6% adults and 15.4% children (<15yrs).  

Among the adult population, pleural (29.6%), lymphatic (22.6%), and abdominal TB 

(21.0%) collectively contributed to more than 70% of all notified EPTB cases. Except for 

abdominal TB, the distribution pattern of EPTB was similar across provinces and also 

consistent with reports from other countries [46, 282-291]. In children, compared to adults, 

abdominal TB (38.4% vs 15.8%) and CNS TB (6.0% vs 4.2%) cases were higher, TPE 

(14.0% vs 34.2%) and OATB (3.9% vs 11.0%) cases were less frequent, whereas LNTB 

was equally frequent (22.4% vs 22.7%). The majority of children with abdominal TB 

(80%) were notified by health facilities in the Northwest part of Pakistan. On the contrary, 

abdominal TB is rarely reported in high-income countries [46, 285, 292]. In hospital-based 

small studies from different countries, abdominal TB was reported in 6.8% (Afghanistan), 

12.8% (India), 14.8% (Nepal), 15.4% (Australia), and 17.5% (Saudi Arabia) of EPTB 

patients [282-284, 288, 289]. With over 10 million stunted children, the drivers of TB in 

children do exist in Pakistan [293]. However, malnutrition alone does not explain the high 

notification of abdominal TB in the Northwest as malnutrition is more prevalent in the 

Southeast part of the country. Compared to LNTB and TPE, diagnosis of abdominal TB is 

more challenging. Diagnostic workup may require resources for radiology, endoscopy, 

and/or surgical procedure and examination of fluid or tissue biopsy specimens for 

bacteriology and histopathology. However, a definite diagnosis is not guaranteed in the 

end. In low-income settings like Pakistan, there is a possibility that due to a lack of 

resources, facilities, and expertise, children with unexplained chronic diarrhea are started 

empirically on TB treatment. To understand better, there is a need to study the 

characteristics of children diagnosed with abdominal TB and evaluate clinical practices  
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and criteria used for the diagnosis and possible overdiagnosis.  

In our study cohort, intra-thoracic LNTB was reported in 1% of children, whereas it is 

reported more frequently in young ages by others [46, 285]. Low notification in our study 

settings was likely due to delay in diagnosis, lack of training, lack of access to radiology, 

or under-recording. WHO has recently issued guidelines for short 4-month TB treatment 

for minimal TB disease in children having intrathoracic and peripheral lymph nodes. If 

diagnosed early in the disease, children can benefit from the recommended short TB 

treatment [3]. 

TBM was notified, in 6.0% of children and 4.2% of adults which was higher compared to 

high-income countries [46, 285, 286], but lower in comparison to low-income countries 

with high HIV prevalence [292, 294]. We collected data from 50 health facilities which 

included ten tertiary care hospitals and TBM cases notified by seven of these hospitals were 

lower than the average of the study population. Low notification of TBM is most likely a 

reflection of weak linkages within tertiary care hospitals and gaps in notifications by 

pediatrics and neurology departments. Furthermore, low notifications of TBM can also be 

either due to patients dying of TBM before reaching any healthcare facility or before the 

diagnosis, or when seeking care from the private sector which is not formally engaged by 

NTP.  

We reported OATB in 9.3% (1483) of EPTB patients with spinal TB being the most 

frequent. Our findings are consistent with reports from high-income countries [46, 285-

287] but the prevalence of OATB is lower compared to Benin (25.4%) and Ghana (17.5%) 

[292, 294]. Furthermore, patients with OATB had higher median age compared to other 

forms of EPTB, consistent with the timetable suggested by Walgreen A in 1948 [22]. 

In TB-burdened countries, EPTB is reported as an important cause of pyrexia of unknown 

origin (PUO) [295]. In our study cohort, disease site was not recorded for 8.5% of patients 

otherwise classified as EPTB. There is a possibility of incomplete data recording in some 

cases but the possibility of patients with PUO being given empiric TB treatment based on 
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clinical evaluation alone or with a positive TST or IGRA in the absence of any clue of the 

disease site cannot be excluded.  

EPTB can affect any part of the body, and due to the heterogeneity in disease location, 

and difficulties in obtaining specimens, the definite diagnosis can be very challenging. In 

high-income countries, 50–60% of the notified EPTB cases are bacteriology confirmed 

[285, 287, 288]. In our study cohort compared to 86% of PTB, only 8.8% of EPTB patients 

were investigated by bacteriology and only 0.6% of EPTB were bacteriologically 

confirmed. Our findings were consistent with reports from other low-income countries 

[292]. In the absence of bacteriological confirmation possibility of overdiagnosis of EPTB 

cannot be excluded. During the study period, Xpert testing facilities in Pakistan were only 

a few. With improved access to rapid molecular diagnostics, bacteriological diagnosis 

among EPTB is likely to improve but skills and resources required for obtaining specimens 

are likely to remain a bottleneck for improving laboratory confirmation of EPTB in 

resource-poor countries. 

In our study cohort, fewer patients with EPTB (4.0%) compared to PTB (10.2%) had a 

history of previous TB treatment. A high TSR among EPTB patients was consistent with 

other studies [46, 292]. TSR for pleural, lymphatic, and abdominal TB was high but 

significantly low for TBM (74.3%), it is therefore not advisable to lump different EPTB 

disease forms as a single entity [285]. However, in routine surveillance systems, the 

outcome of all forms of EPTB is reported as a single entity, as a result, unfavorable 

outcomes of life-threatening forms like TBM are masked by the overall high TSR among 

prevalent forms of EPTB and are thus ignored. 

5.2.2. Diagnosis of lymph node TB 

LNTB is the second most prevalent manifestation of EPTB in Pakistan (study-1). We 

studied the performance of the histologic examination and Xpert in 412 TB treatment naïve 

people presumed to have LNTB. LNTB was diagnosed in 228, including 69% (158) by 

both bacteriology and histopathology, 9% (20) by bacteriology, and 22% (50) by  
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histopathology only. 

In our cohort, LNTB was diagnosed in 58.4% of all presumptive TB recruited in the study.  

Using similar diagnostic approaches, a higher proportion of LNTB patients were diagnosed 

among two cohorts investigated in Ethiopia (80%) and Pakistan (74%) [296, 297]. All three 

studies were conducted in a tertiary care setting with the possibility of recruitment of highly 

selected patients. However, there were important differences between populations studied 

at three sites. Compared to our cohort, which comprised all TB treatment naïve and only 

one HIV reactive patient, the prevalence of HIV was high (9%) in one and a history of 

previous TB treatment (9%) in the other cohort. The associated risk factors likely 

contributed to a higher TB diagnosis with a high proportion of AFB positive in the other 

two studies (37% and 15%) compared to 4% in our cohort. [296, 297]. 

We evaluated the performance of Xpert against culture and reported sensitivity and 

specificity of 62.4% and 83.3% compared to pooled sensitivity and specificity of 82.4%, 

and 80.3% of 11 similar studies with 786 lymph nodes [201, 203, 298-300]. The plausible 

explanation of lower sensitivity in our cohort was the high proportions of specimens with 

low bacillary load as among all 124 Xpert positive lymph nodes only 11 were AFB smear 

positive. In our study, the smear results correlated well with the Xpert cycle threshold (Ct) 

value. Compared to the suggested cut-off of Ct-value of <21 for AFB smear-positive, MTB 

detected was either low (Ct 22-28) or very low(Ct >28) in 113 smear-negative LNTB cases 

[301]. Despite fewer AFB-positive specimens, compared to a similar study from Pakistan, 

we reported comparable sensitivity (62 vs. 65) and specificity (83 vs. 80%) with a higher 

PPV (67 vs. 54%) most likely attributed to better culture performance. New generation 

Xpert Ultra is expected to improve sensitivity [302, 303] but that is likely to be at the cost 

of some loss of specificity [299]. Specimens that are positive on Xpert but negative on 

culture, are interpreted as false positives and often attributed to previous TB treatment 

[304]. However, we only recruited TB-treatment naïve people and to better understand 

false-positive results, we analyzed the performance of Xpert in the study population  
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stratified by duration of illness. Xpert performed better (sensitivity 76% and PPV-82%) in 

patients with a history of short illness (< 3 months), compared to those who were sick for 

longer than 3 months (Sensitivity of 52% and PPV of 61%).  A plausible explanation for 

this difference is that in patients with a longer history of illness, effective host immune 

responses played a role in the containment of the disease and viability of MTB. As a result, 

while MTB-DNA was still detected by molecular assay but MTBC was not grown on 

culture. Concerns have been raised by others on the accuracy of the culture results and its 

use as the reference standard and a higher heterogeneity is reported in the performance of 

Xpert in lymph nodes compared to other EPTB specimens [299, 305]. 

In our cohort, among bacteriologically confirmed LNTB patients, (positive by Xpert and/or 

culture) histopathology suggestive of TB was reported in 89% (n=158). The findings are 

consistent with reports from other low HIV settings [297, 306], but were higher compared 

to HIV prevalent settings [307]. A diminished capacity to mount a CD4+ T-cell response 

correlates with a reduced granuloma-forming capacity [308], and TB without tubercles is 

often reported in HIV-positive patients [309]. In our cohort, among bacteriologically 

confirmed LNTB, the granulomatous response was not reported in 20 cases. In Pakistan, 

HIV prevalence is low, but undernourishment is estimated to contribute to 20% of the TB 

disease burden. The underlying malnutrition causing diminished CD4+T-cell response and 

lack of granulomatous response is a plausible explanation [26]. Although lack of TB-

specific histology can also be a consequence of misidentification or methodological error 

[198, 310], however, a delay in treatment response was observed in these patients 

(OR:4.07) suggesting weak immune response as a possible cause [37]. On the contrary, in 

LNTB patients with TB-specific histologic response, no difference was reported in 

treatment response between bacteriology-negative and positive patients. 

We reported histology consistent with TB in 208 LNTB patients with necrosis in 98% and 

bacteriology confirmation in 75%. Similar studies from Morocco and Peru have reported 

necrosis in 84-85% with bacteriological confirmation in 75% of LNTB with TB-specific  
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histology [306, 307]. Consistent with these findings, a significant proportion of necrotizing 

granulomas are reported to have no obvious infectious etiology [311]. Xpert Ultra with 

better LoD is likely to improve bacteriological confirmation of TB, however, challenges 

would remain in situations where the biopsy specimen is either very small or histological 

examination is preferred over bacteriology or the specimen is preserved immediately in 

formalin for histology. Recent advances like the diagnosis of TB in formalin-fixed paraffin-

embedded tissue by detecting TB-specific antigens [193, 312], and MTB by Xpert are 

likely to improve bacteriological diagnosis of TB without the need for splitting specimens 

for bacteriology and histology examination [313].  

International standards of TB care (ISTC) recommend testing appropriate specimens for 

microbiology and histopathology for evaluating possible EPTB patients [314-316]. 

Bacteriology has an advantage over histopathology in the definite diagnosis of TB. Xpert 

has the advantage of rapid diagnosis of TB and resistance to R. Though culture is of value, 

long reporting time and the need for sophisticated laboratory facilities make it a non-viable 

option for the majority of the patients in HBC. In our study cohort, rapid molecular assay 

diagnosed 54% of the LNTB cases, consistent with reports from other studies [297, 306, 

307]. However, with reliance on Xpert MTB/RIF, almost half of the LNTB cases are likely 

to be missed. In high TB and low HIV prevalent settings like Pakistan, with a high pre-test 

probability of TB, diagnosis can be made with certainty based on specific granulomatous 

inflammation in the absence of positive bacteriology.  

5.2.3. Primary drug resistance in extrapulmonary TB  

In this study, we evaluated primary drug resistance in EPTB patients. Only TB treatment 

naïve patients either with lymphadenopathy or pleural effusion were recruited. Among 671 

presumptive TB cases, 255 were bacteriologically confirmed and comprehensive DST 

results were available for 185(72.5%) cases.  

Any resistance to R was reported in 2.7% and MDR in 2.2%. Compared to the prevalence 

of RR and MDR in smear-positive PTB patients in National DRS, point estimates were 

lower in EPTB but the difference was not statistically significant [261, 262].  
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Similarly, the proportion of H, LFX, and PZA resistance in rifampicin-sensitive EPTB was 

comparable to PTB (Table-6). Our findings were consistent with estimates of drug 

resistance reported in new TB patients in similar studies [317, 318]. 

Table-6: Estimated prevalence of drug resistance in rifampicin-resistant and sensitive 

populations in study-3 and study-4 compared to National drug resistance survey 2012-13. 

Study  DRS Study-3 Study-4 Study-4 

Year  2012-13 2016-17 2015-19 2015-19 

Drug resistance   in Rifampicin sensitive 

Population TB site PTB EPTB EPTB PTB  
% new  89% 100% 95% 74% 

      

Isoniazid  Isolates tested (no) 1486 180 1118 3366 

% Resistant 8.7% 5.6% 6.7% 11.6% 

(95% CI) (7.4-10.3) (3.0-9.9) (5.4-8.3) (10.5-12.7)       

Levofloxacin  

  

Isolates tested (no) 1401 180 1117 3365 

% Resistant  10.3% 5.0% 7.2% 14.4% 

(95% CI) (7·1–13·5) (2.7-9.2) (5.8-8.8) (13.3-15.7)       

Pyrazinamide  

  

Isolates tested (no) 1397 180 1019 3048 

% Resistant   0.5% 0.6% 2.8% 3.7% 

(95% CI) (0·1–0·8) (0.1-3.0) (1.9-4.1) (3.1-4.5) 

Drug resistance in Rifampicin resistant  

Population TB site PTB EPTB EPTB PTB 

 % new  53.7% 100% 68% 26% 

      

Isoniazid  Isolates tested (no) 106 5 118 4185 

 % Resistant 90.6% 80.0% 90.7% 94.9% 

 (95% CI) (83.5-94.8) (29.9-98.9) (83.6-95.0) (94.1-95.4) 

      

Levofloxacin  Isolates tested (no) 99 5 118 4183 

 % Resistant 21.8% 40.0% 44.9% 47.7% 

 (95% CI) (13·1–30·5) (11.8-76.9) (36.2-53.9) (46.2-49.3) 

      

Pyrazinamide  Isolates tested (no) 103 5 104 3696 

 % Resistant 39.5% 39.5% 55.8% 44.8% 

 (95% CI) (30·1–48·9) (23.1-88.2) (46.2-64.9) (43.2-46.4) 

 

We tested all culture isolates by gDST (LPA) and pDST (MGIT 960) and reported a high 

sensitivity (100%) and specificity (99%) of LPA for R, H, and FQ, consistent with other 

reports [49, 319, 320]. A perfect sensitivity of gDST (LPA) in our study is most likely 

attributed to the fact that both pDST and gDST were performed on the same culture 

isolates. Among phenotypically susceptible strains, resistance-conferring mutations were 
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detected in four including one each for R and H and two for FQ. A borderline resistance-

conferring mutation for R at rpoB511, a low-level mutation for H at inhA c-15t, one low- 

level conferring mutation at gyrA A90V, and a high-level resistance (D94G) for FQ.  R 

resistance-conferring mutation at rpoB 511 has been reported previously for discordance 

in results between Xpert and LJ DST [261].  

Contrary to high agreement rates between pDST and LPA results, discordance was reported 

between Xpert MTB/Rif V4.0 and pDST. Of eleven RR detected by Xpert, culture was 

positive in only five, and four were susceptible by pDST and LPA. False RR by Xpert V4.0 

is reported in paucibacillary clinical samples from children [321], and TB cases diagnosed 

during active case finding [322]. Although further investigation was not done to investigate 

discordant results, the difference in the proportion of RR in clinical specimens with a very 

low level of MTB (9/75,12%) compared to those with low or medium MTB (2/77, 2.6%) 

suggests false RR results. Among eleven RR by Xpert, only one RR case was confirmed 

by LPA, false RR was reported in four, and six RR results could not be verified due to 

negative cultures. The possibility of other pre- and post-analytic errors resulting in false 

results cannot be excluded with certainty.  WHO recommends repeat testing on fresh 

samples when R resistance is detected in patients considered to be at low risk of MDR-TB 

[323]. These recommendations are difficult to follow in EPTB patients, especially in 

situations in which repeat testing entails a repeat of surgical or other invasive procedures. 

Next-generation Xpert Ultra is claimed to reduce false RR results along with improved 

sensitivity [324, 325]. 

Among bacteriologically confirmed, 70% (124/178) of LNTB and 23.4% (18/77) of TPE 

were positive by Xpert. With Xpert Ultra, bacteriological diagnosis is likely to improve but 

resistance detection will continue to lag behind TB diagnosis and resistance detection 

would still have to depend on good culture yield.  
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5.2.4. Isoniazid resistance, genetic profile, and associated resistance  

We studied a large DST data set from 11045 TB patients including 12.7% EPTB patients 

registered in NTRL during 2015–2019. Among the population studied, 91.8% of EPTB 

compared to 44% of PTB had no history of prior TB treatment. We reported, among the  

R-sensitive population, H resistance of 6.8% (95%CI, 5.4–8.5) in new EPTB patients 

which was significantly lower (P < .001) compared to 9.8% (95%CI; 8.7–11.1) in new 

PTB patients. H resistance in new EPTB patients is consistent with results reported in 

study-3 and new PTB (Table-6) in Pakistan [261, 326, 327]. The significantly higher H 

resistance reported among PTB patients was likely due to the referral to NTRL of the 

selective PTB patients at risk of drug resistance for DST as opposed to EPTB patients who 

were mostly referred for the diagnosis of TB (Table-6).  

Of all TB patients, 79.5% (8787) of the M. tuberculosis isolates (EPTB =1236) were tested 

by both pDST and gDST methods. Using composite results RR was reported in 4303 

patients with 15.8% discordance in results between the two methods, 13.2% of RR were 

reported susceptible by MGIT (pDST) and 2.5% by LPA (gDST). In the study population, 

compared to population-based DRS (2012-13), RR missed by pDST was higher (13.2% vs 

4%) [261]. This difference was most likely due to the use of automated liquid DST (MGIT) 

in routine, which is known to miss more RR compared to solid DST on the Lowenstein 

Jenson media used in DRS [279, 328]. On the contrary, a lower proportion of RR cases 

were missed by gDST (2.5% vs 7.7%), which most likely is a reflection of the current 

diagnostic algorithm in which Xpert is used for diagnosis of RR and patients reported R-

sensitive are not investigated further. The limitations of the currently available pDST and 

gDST in detecting R resistance are well recognized [279, 328, 329]. Selection of either one 

of the two DST methods for routine practice is likely to result in important diagnostic and 

clinical implications. In our study population, without gDST, 10.1% (411/4078) of the 

MDR would have been reported as H-resistant TB. In a study from South Africa, 15% of 

H-resistant isolates were initially tested negative for RR by WHO-endorsed all three  
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commercial tests. However, based on deep sequencing results and identification of 

resistance-conferring mutation at rpoB Ile491phe these were reclassified as MDR [330]. 

Similarly in another study, misclassification of MDR-TB as H-resistant TB was 

demonstrated, and the impact of treating these patients with WHO recommended FQ  

containing regimen for H-resistant TB was strongly argued [329]. Furthermore, 

undiagnosed RR and not H-resistant TB was suggested as a possible reason for the reported 

higher failure rate with standard first-line drug regimens [53]. 

In our data set, compared to RR, a higher proportion of H resistance (14.5%; n = 660) was 

missed by gDST. Our findings are consistent with the results of a recent study from the 

eastern DRC, in which H resistance by gDST (LPA) was reported in 55% of the RR cases 

detected by Xpert MTB/RIF [331]. 

We studied 4542 phenotypic resistant isolates for molecular markers. Among these, H 

resistance-conferring mutations were identified in 85.5%, with the representation of high-

level resistant conferring mutation (katG) in 72.7%, low-level resistant conferring mutation 

(inhA)in 9.9% and combined mutations (katG and inhA) in 2.8%. Our findings are 

consistent with the published data [332-334] but with a lower proportion of combined 

mutations [333, 335]. We reported a significant difference in the genetic profile of H 

resistance between RR (n = 4078) and R-sensitive (n = 464) populations, H resistance 

conferring mutations were detected in 87.1% vs 71.6%, moreover, high representation of 

katG and combined inhA and katG was seen associated with RR and higher representation 

of inhA were reported in R-sensitive. Within RR and R-sensitive populations, H resistant 

genetic profile was comparable between PTB and EPTB isolates. Our findings are 

consistent with the international collection of over 5,000 strains showing a substantially 

higher representation of katG among MDR strains (89%) compared to H resistance among 

R-sensitive (61%) isolates. [336].  

Published data on the influence of genotype on treatment outcomes of H-resistant TB are 

conflicting. A study from Vietnam, suggest that katG mutations and not inhA are associated 

with unfavorable treatment outcomes [337]. In a study from South Africa, the association 
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of any specific H resistance-conferring mutation with poor treatment outcomes was not 

reported and a higher TSR was reported in patients with katG mutations when treated with 

high-dose H compared to standard dose [338]. The clinical benefits of high-dose H are also  

reported in patients with drug-resistant TB [339-341]. 

In Pakistan, one of the key challenges for treating MDR-TB and H-resistant TB is high FQ 

resistance [262].  In our study population, FQ resistance was higher among both RR and 

R-sensitive populations compared to the results of population-based DRS(Table-6) [262, 

333]. However, our findings are consistent with a laboratory-based similar study from 

Pakistan [342]. Both among RR and R-sensitive TB populations, a significantly higher 

LFX and Z resistance was reported in association with H resistance. Results were 

compatible between PTB and EPTB in RR patients. Our findings are consistent with the 

results of a recent study [335]. A high FQ resistance in Pakistan limits the usage of the 

WHO-recommended regimen for H-resistant TB. However, an almost equal representation 

of katG and inhA mutations in H-resistant TB, suggests the need to study treatment 

outcomes with standard treatment in H-resistant TB associated with specific mutations. It 

has been more than a decade since Xpert was introduced and still in 2021, only 69% of the 

new PTB were tested for R. Challenges to universally test all bacteriologically confirmed 

populations for H and FQ resistance are likely to be more intense. Although a new 

GeneXpert cartridge for genotypic testing of H and FQ resistance is now available [343]. 

But universal testing for all TB patients in HBC will require besides resources for 

cartridges, a huge investment for placing next-generation modules at the same level of 

health care as R testing. Among bacteriologically confirmed PTB and many EPTB patients, 

those with paucibacillary disease are less likely to be reported interpretable valid results by 

this assay. In the country context of Pakistan, even with systematic testing, about 30 percent 

of the H resistance is likely to be missed by molecular methods. Furthermore, due to high 

FQ resistance, a significant proportion of H-resistant patients will still not stand eligible 

for FQ containing regimen. More patients will benefit if additional resources are invested 

in finding TB and RR-TB cases.  



81 

 

5.3. Conclusion 

In Pakistan, the three most common disease manifestations of EPTB are pleural, lymphatic, 

and abdominal TB which collectively comprise more than 70% of all notified EPTB 

patients. Children under fifteen and residents of the Northwest part of the country have 

higher odds of presenting with EPTB. Similar to PTB, treatment success is high among 

EPTB patients except for TB meningitis.  

Diagnosis of EPTB is challenging because of the paucibacillary nature of the disease. The 

performance of currently available rapid molecular diagnostic tools is sub-optimal. 

However, in compliance with ISTC recommendations for evaluating possible EPTB 

patients, more than 95% of LNTB can be diagnosed with the combined use of Xpert and 

histological examination.  

Among new EPTB patients having LNTB and TPE, the prevalence of MDR and RR-TB 

was 2.2% and 2.7%. Among R-sensitive, H resistance was 5.6% which was not statistically 

different from the estimated prevalence in new PTB. There was a good agreement between 

culture-based automated liquid DST and LPA but false RR were reported by Xpert in 

paucibacillary specimens warranting caution in clinical decisions based on Xpert RR 

results.  

H resistance in new EPTB patients in the retrospective data set was 6.7% which was not 

statistically different from H resistance reported in new EPTB patients in study-3. The 

genetic profile of H resistance in EPTB was compatible with PTB within RR and R-

sensitive populations with significantly higher representation of katG (high level resistant 

conferring mutation) among RR and inhA in R-sensitive population and significantly high 

FQ and Z resistance in association with H resistance.   
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5.4. Future Perspective 

End TB strategy calls for diagnosis of TB using WRD of more than 90% and universal 

DST for 100% of TB patients by 2025. Globally in 2021, only 38% of the TB patients were 

tested using WRD, and 69% of the new bacteriologically confirmed PTB were tested for 

RR among notified [40]. While the End TB targets are laudable but currently are lagging 

far behind the target. Globally 20% of the notified TB cases have EPTB but EPTB 

notification is not tracked at the same level as PTB and information is missing on the 

proportion of EPTB patients tested using WRD, bacteriological diagnosis, and RR among 

notified EPTB cases. End TB targets for diagnosis and universal DST cannot be achieved 

without improving bacteriological diagnosis and drug resistance detection for EPTB in 

parallel with PTB. 

The focus of TB programs has remained on PTB due to its infectiousness and resultant 

transmission. There is a need, in parallel to address challenges concerning diagnosis, drug 

resistance detection, and treatment of patients with EPTB. In HBC, there are knowledge 

gaps on manifestations of EPTB disease, clinical and diagnostic approaches used for 

diagnosis, bottlenecks in implementing ISTC, delays in diagnosis, and out-of-pocket 

expenses incurred by patients.  

At the country level, small studies and surveys and a more granular data analysis at the 

facility level can help understand issues specific to EPTB care. Concerted efforts, using a 

multidisciplinary approach, clear guidance on the diagnosis and management of EPTB 

affecting different sites, improved access to new diagnostic tools, capacity building of 

clinicians on EPTB management, wider use of simpler techniques like a fine-needle 

aspiration to obtain specimens, training of laboratory technicians on the processing of 

extrapulmonary specimens, effective linkages for referral of patients and transport of 

specimens and comprehensive surveillance system to enable tracking of EPTB  by disease 

site and laboratory diagnosis,  can collectively contribute in improving TB diagnosis and 

care in patients with extrapulmonary disease.  
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With better access and use of WRD, the feasibility of achieving testing targets, 

improvement in bacteriological diagnosis, and rifampicin testing are high for patients with 

PTB, except those with paucibacillary disease e.g., children and people living with HIV. 

For EPTB, diagnostic yields will improve with wider use of molecular tools like Xpert 

Ultra, but bacteriological diagnosis among EPTB is likely to lag behind PTB due to 

complex diagnostic challenges and resource requirements beyond just a sensitive 

diagnostic tool. Among EPTB, the improvements in bacteriological diagnosis would vary 

based on disease sites and the simplicity of procedures required for sample collection. 

Peripheral lymph node and pleural TB are the two most commonly reported sites of EPTB 

globally and sampling is comparatively simple. In Pakistan, these two sites collectively 

make up to 50% of EPTB cases, and in the best-case scenario, if specimens from the 

majority of these patients are systematically tested using WRD, up to 50% bacteriological 

confirmation of LNTB and less for TPE can be achieved but diagnostic challenges would 

likely continue for other more insidious EPTB disease forms.  Furthermore, with the use 

of Xpert ultra, bacteriological diagnosis of paucibacillary EPTB is likely to improve by 

virtue of trace calls without R testing results.  As a consequence, DST for R will lag much 

behind the bacteriological diagnosis of EPTB, and RR and other drug resistance will 

remain undiagnosed in many of these patients. Access to culture-based DST is limited and 

not a feasible alternative option for patients in HBC. The establishment of a sentinel 

surveillance system with the availability of onsite molecular and culture facilities at 

sentinel sites can contribute to some extent in generating reliable surveillance data on 

ongoing resistance to anti-TB drugs for geographically-defined PTB and EPTB 

populations.   

 

 

 

 

 



84 

 

6. LITERATURE LIST/REFERENCES  

1. World Health Organization, Definitions and reporting framework for tuberculosis -

2013 revision, (updated December 2014 and January 2020). 2013, Geneva: World 

Health Organization. 

2. World Health Organization, WHO consolidated guidelines on tuberculosis: module 

4: treatment: drug-susceptible tuberculosis treatment. 2022. 

3. World Health Organization, WHO consolidated guidelines on tuberculosis: module 

4: treatment: drug-resistant tuberculosis treatment. 2022: World Health 

Organization. 132. 

4. Viney, K., et al., New definitions of pre-extensively and extensively drug-resistant 

tuberculosis: update from the World Health Organization. European Respiratory 

Journal, 2021. 57(4): p. 2100361. 

5. World Health Organization, Global Tuberculosis Report 2021. 2021. 25. 

6. Barberis, I., et al., The history of tuberculosis: from the first historical records to 

the isolation of Koch's bacillus. J Prev Med Hyg, 2017. 58(1): p. E9-E12. 

7. Pai, M., et al., Tuberculosis. Nat Rev Dis Primers, 2016. 2: p. 16076. 

8. Zumla, A., et al., Tuberculosis. N Engl J Med, 2013. 368(8): p. 745-55. 

9. Fogel, N., Tuberculosis: a disease without boundaries. Tuberculosis (Edinb), 2015. 

95(5): p. 527-31. 

10. Hershkovitz, I., et al., Tuberculosis origin: The Neolithic scenario. Tuberculosis 

(Edinb), 2015. 95 Suppl 1: p. S122-6. 

11. Sakula, A., Robert Koch: centenary of the discovery of the tubercle bacillus, 1882. 

Thorax, 1982. 37(4): p. 246-51. 

12. Sakula, A., Robert koch: centenary of the discovery of the tubercle bacillus, 1882. 

Can Vet J, 1983. 24(4): p. 127-31. 

13. Iseman, M.D., Tuberculosis therapy: past, present and future. Eur Respir J Suppl, 

2002. 36: p. 87s-94s. 



85 

 

14. Murray, J.F., D.E. Schraufnagel, and P.C. Hopewell, Treatment of Tuberculosis. A 

Historical Perspective. Ann Am Thorac Soc, 2015. 12(12): p. 1749-59. 

15. World Health Organization, Global TB Report 2021, Geneva, Switzerland WHO. 

16. Bloom, B.R., et al., Tuberculosis, in Major Infectious Diseases, rd, et al., Editors. 

2017: Washington (DC). 

17. Wang, A., A. MacNeil, and S. Maloney, Comparison and lessons learned from 

neglected tropical diseases and tuberculosis. PLOS Global Public Health, 2021. 

1(10): p. e0000027. 

18. Houben, R.M. and P.J. Dodd, The Global Burden of Latent Tuberculosis Infection: 

A Re-estimation Using Mathematical Modelling. PLoS Med, 2016. 13(10): p. 

e1002152. 

19. Getahun, H., et al., Latent Mycobacterium tuberculosis infection. N Engl J Med, 

2015. 372(22): p. 2127-35. 

20. Rieder, H., Annual risk of infection with Mycobacterium tuberculosis. Eur Respir J, 

2005. 25(1): p. 181-5. 

21. Behr, M.A., P.H. Edelstein, and L. Ramakrishnan, Revisiting the timetable of 

tuberculosis. BMJ, 2018. 362: p. k2738. 

22. Wallgren, A., The time-table of tuberculosis. Tubercle, 1948. 29(11): p. 245-51. 

23. Oxlade, O. and M. Murray, Tuberculosis and poverty: why are the poor at greater 

risk in India? PLoS One, 2012. 7(11): p. e47533. 

24. Janssens, J.P. and H.L. Rieder, An ecological analysis of incidence of tuberculosis 

and &lt;em&gt;per capita&lt;/em&gt; gross domestic product. European 

Respiratory Journal, 2008. 32(5): p. 1415. 

25. Marais, B.J., A.C. Hesseling, and M.F. Cotton, Poverty and tuberculosis: is it truly 

a simple inverse linear correlation? European Respiratory Journal, 2009. 33(4): p. 

943. 

26. World Health Organization, Global Tuberculosis Report 2020. 2020. 234. 



86 

 

27. O'Reilly, L.M. and C.J. Daborn, The epidemiology of Mycobacterium bovis 

infections in animals and man: a review. Tuber Lung Dis, 1995. 76 Suppl 1: p. 1-

46. 

28. World Health Organization, Global Tuberculosis Report 2022. 2022. 68. 

29. Naing, C., et al., Meta-analysis: the association between HIV infection and 

extrapulmonary tuberculosis. Lung, 2013. 191(1): p. 27-34. 

30. Wetzstein, N., et al., Occurrence of extrapulmonary tuberculosis is associated 

with geographical origin: spatial characteristics of the Frankfurt TB cohort 2013-

2018. Infection, 2022. 

31. Keshavjee, S. and P.E. Farmer, Tuberculosis, Drug Resistance, and the History of 

Modern Medicine. New England Journal of Medicine, 2012. 367(10): p. 931-936. 

32. Fox, W., G.A. Ellard, and D.A. Mitchison, Studies on the treatment of tuberculosis 

undertaken by the British Medical Research Council tuberculosis units, 1946-

1986, with relevant subsequent publications. Int J Tuberc Lung Dis, 1999. 3(10 

Suppl 2): p. S231-79. 

33. Manten, A. and L.J. Van Wijngaarden, Development of drug resistance to 

rifampicin. Chemotherapy, 1969. 14(2): p. 93-100. 

34. Hoffmann, H., et al., Delamanid and Bedaquiline Resistance in Mycobacterium 

tuberculosis Ancestral Beijing Genotype Causing Extensively Drug-Resistant 

Tuberculosis in a Tibetan Refugee. Am J Respir Crit Care Med, 2016. 193(3): p. 

337-40. 

35. Dean, A.S., et al., 25 years of surveillance of drug-resistant tuberculosis: 

achievements, challenges, and way forward. Lancet Infect Dis, 2022. 22(7): p. 

e191-e196. 

36. Liebenberg, D., B.G. Gordhan, and B.D. Kana, Drug resistant tuberculosis: 

Implications for transmission, diagnosis, and disease management. Frontiers in 

Cellular and Infection Microbiology, 2022. 12. 



87 

 

37. Dean, A.S., et al., Prevalence and genetic profiles of isoniazid resistance in 

tuberculosis patients: A multicountry analysis of cross-sectional data. PLoS Med, 

2020. 17(1): p. e1003008. 

38. Raviglione, M.C., The TB epidemic from 1992 to 2002. Tuberculosis, 2003. 83(1): 

p. 4-14. 

39. Uplekar, M., T.B.P. Stop, and O. World Health, The Stop TB strategy : building on 

and enhancing DOTS to meet the TB-related Millennium Development Goals. 2006, 

World Health Organization: Geneva. 

40. World Health Organization, The end TB strategy. 2015. 20. 

41. World Health Organization, Gear up to end TB: introducing the end TB strategy. 

2015, World Health Organization: Geneva. 

42. World Health Organization, WHO Consolidated guidelines on tuberculosis;Module 

3: diagnosis – rapid diagnostics for tuberculosis detection. 2021, Geneva 

Switzerland World Health Organization  

43. World Health Organization, Technical manual for drug susceptibility testing of 

medicines used in the treatment of tuberculosis. 2018, World Health Organization: 

Geneva. 

44. Rieder, H.L., Epidemiologic basis of tuberculosis control. 1999: International 

Union Against Tuberculosis and Lung Disease (IUATLD). 

45. Harries, A.D. and A.M.V. Kumar, Challenges and Progress with Diagnosing 

Pulmonary Tuberculosis in Low- and Middle-Income Countries. Diagnostics 

(Basel), 2018. 8(4). 

46. Sandgren, A., V. Hollo, and M.J. van der Werf, Extrapulmonary tuberculosis in the 

European Union and European Economic Area, 2002 to 2011. Euro Surveill, 2013. 

18(12). 

47. World Health Organization, Methods used by WHO to estimate the global burden 

of TB disease. 2021. 20. 



88 

 

48. Dodd, P.J., C. Sismanidis, and P. Glaziou, Methods for estimating tuberculosis 

incidence and mortality by age and sex. Int J Epidemiol, 2021. 50(2): p. 570-577. 

49. Caulfield, A.J. and N.L. Wengenack, Diagnosis of active tuberculosis disease: 

From microscopy to molecular techniques. J Clin Tuberc Other Mycobact Dis, 

2016. 4: p. 33-43. 

50. Connell, D.W., et al., Update on tuberculosis: TB in the early 21st century. Eur 

Respir Rev, 2011. 20(120): p. 71-84. 

51. Gill, C.M., et al., New developments in tuberculosis diagnosis and treatment. 

Breathe (Sheff), 2022. 18(1): p. 210149. 

52. Sulis, G., et al., Recent developments in the diagnosis and management of 

tuberculosis. NPJ Prim Care Respir Med, 2016. 26: p. 16078. 

53. Gegia, M., et al., Treatment of isoniazid-resistant tuberculosis with first-line drugs: 

a systematic review and meta-analysis. Lancet Infect Dis, 2017. 17(2): p. 223-234. 

54. Li, J., L. Zhan, and C. Qin, The double-sided effects of Mycobacterium Bovis 

bacillus Calmette–Guérin vaccine. npj Vaccines, 2021. 6(1): p. 14. 

55. Trunz, B.B., P. Fine, and C. Dye, Effect of BCG vaccination on childhood 

tuberculous meningitis and miliary tuberculosis worldwide: a meta-analysis and 

assessment of cost-effectiveness. Lancet, 2006. 367(9517): p. 1173-80. 

56. Gagneux, S., Host-pathogen coevolution in human tuberculosis. Philos Trans R Soc 

Lond B Biol Sci, 2012. 367(1590): p. 850-9. 

57. González-Martínez, A., et al., Mycobacterium infections, in Encyclopedia of 

Infection and Immunity, N. Rezaei, Editor. 2022, Elsevier: Oxford. p. 703-718. 

58. Kasten, M.J., Mycobacteria in the Literature: Report 02-2016. J Clin Tuberc Other 

Mycobact Dis, 2017. 7: p. 51-52. 

59. Brosch, R., et al., A new evolutionary scenario for the Mycobacterium tuberculosis 

complex. Proc Natl Acad Sci U S A, 2002. 99(6): p. 3684-9. 



89 

 

60. Ernst, J.D., G. Trevejo-Nunez, and N. Banaiee, Genomics and the evolution, 

pathogenesis, and diagnosis of tuberculosis. J Clin Invest, 2007. 117(7): p. 1738-

45. 

61. Comas, I., et al., Out-of-Africa migration and Neolithic coexpansion of 

Mycobacterium tuberculosis with modern humans. Nat Genet, 2013. 45(10): p. 

1176-82. 

62. de Jong, B.C., M. Antonio, and S. Gagneux, Mycobacterium africanum--review of 

an important cause of human tuberculosis in West Africa. PLoS Negl Trop Dis, 

2010. 4(9): p. e744. 

63. Silva, M.L., et al., Tuberculosis caused by Mycobacterium africanum: Knowns and 

unknowns. PLoS Pathog, 2022. 18(5): p. e1010490. 

64. Supply, P., et al., Genomic analysis of smooth tubercle bacilli provides insights into 

ancestry and pathoadaptation of Mycobacterium tuberculosis. Nat Genet, 2013. 

45(2): p. 172-9. 

65. Devi, K.R., et al., Occupational exposure and challenges in tackling M. bovis at 

human-animal interface: a narrative review. Int Arch Occup Environ Health, 2021. 

94(6): p. 1147-1171. 

66. Brites, D., et al., A New Phylogenetic Framework for the Animal-Adapted 

Mycobacterium tuberculosis Complex. Front Microbiol, 2018. 9: p. 2820. 

67. Malone, K.M. and S.V. Gordon, Mycobacterium tuberculosis Complex Members 

Adapted to Wild and Domestic Animals. Adv Exp Med Biol, 2017. 1019: p. 135-

154. 

68. Saelens, J.W., G. Viswanathan, and D.M. Tobin, Mycobacterial Evolution 

Intersects With Host Tolerance. Front Immunol, 2019. 10: p. 528. 

69. Hunter, R.L., Pathology of post primary tuberculosis of the lung: an illustrated 

critical review. Tuberculosis (Edinb), 2011. 91(6): p. 497-509. 



90 

 

70. Echeverria-Valencia, G., S. Flores-Villalva, and C.I. Espitia, Virulence Factors and 

Pathogenicity of Mycobacterium, in Mycobacterium, W. Ribón, Editor. 2017, 

IntechOpen: Rijeka. 

71. Cook, G.M., et al., Physiology of mycobacteria. Adv Microb Physiol, 2009. 55: p. 

81-182, 318-9. 

72. Brennan, P.J., Structure, function, and biogenesis of the cell wall of Mycobacterium 

tuberculosis. Tuberculosis (Edinb), 2003. 83(1-3): p. 91-7. 

73. Gengenbacher, M. and S.H. Kaufmann, Mycobacterium tuberculosis: success 

through dormancy. FEMS Microbiol Rev, 2012. 36(3): p. 514-32. 

74. Turner, R.D., et al., Tuberculosis Infectiousness and Host Susceptibility. J Infect 

Dis, 2017. 216(suppl_6): p. S636-S643. 

75. Moule, M.G. and J.D. Cirillo, Mycobacterium tuberculosis Dissemination Plays a 

Critical Role in Pathogenesis. Front Cell Infect Microbiol, 2020. 10: p. 65. 

76. Jones-Lopez, E.C., et al., Cough Aerosols of Mycobacterium tuberculosis in the 

Prediction of Incident Tuberculosis Disease in Household Contacts. Clin Infect Dis, 

2016. 63(1): p. 10-20. 

77. Heemskerk, D., et al., Pathogenesis, in Tuberculosis in Adults and Children. 2015: 

London. 

78. Escombe, A.R., et al., The infectiousness of tuberculosis patients coinfected with 

HIV. PLoS Med, 2008. 5(9): p. e188. 

79. Saunders, M.J., et al., A household-level score to predict the risk of tuberculosis 

among contacts of patients with tuberculosis: a derivation and external validation 

prospective cohort study. Lancet Infect Dis, 2020. 20(1): p. 110-122. 

80. Acuna-Villaorduna, C., et al., Intensity of exposure to pulmonary tuberculosis 

determines risk of tuberculosis infection and disease. Eur Respir J, 2018. 51(1). 

81. Reichler, M.R., et al., Duration of Exposure Among Close Contacts of Patients With 

Infectious Tuberculosis and Risk of Latent Tuberculosis Infection. Clin Infect Dis, 

2020. 71(7): p. 1627-1634. 



91 

 

82. Asadi, L., et al., How much do smear-negative patients really contribute to 

tuberculosis transmissions? Re-examining an old question with new tools. 

EClinicalMedicine, 2022. 43: p. 101250. 

83. de Martino, M., et al., Immune Response to Mycobacterium tuberculosis: A 

Narrative Review. Front Pediatr, 2019. 7: p. 350. 

84. Smith, I., Mycobacterium tuberculosis pathogenesis and molecular determinants of 

virulence. Clin Microbiol Rev, 2003. 16(3): p. 463-96. 

85. Mayer-Barber, K.D. and D.L. Barber, Innate and Adaptive Cellular Immune 

Responses to Mycobacterium tuberculosis Infection. Cold Spring Harb Perspect 

Med, 2015. 5(12). 

86. Liu, C.H., H. Liu, and B. Ge, Innate immunity in tuberculosis: host defense vs 

pathogen evasion. Cell Mol Immunol, 2017. 14(12): p. 963-975. 

87. Lerner, T.R., S. Borel, and M.G. Gutierrez, The innate immune response in human 

tuberculosis. Cell Microbiol, 2015. 17(9): p. 1277-85. 

88. Kleinnijenhuis, J., et al., Innate immune recognition of Mycobacterium tuberculosis. 

Clin Dev Immunol, 2011. 2011: p. 405310. 

89. van Crevel, R., T.H. Ottenhoff, and J.W. van der Meer, Innate immunity to 

Mycobacterium tuberculosis. Clin Microbiol Rev, 2002. 15(2): p. 294-309. 

90. Srinivasan, L., S. Ahlbrand, and V. Briken, Interaction of Mycobacterium 

tuberculosis with host cell death pathways. Cold Spring Harb Perspect Med, 2014. 

4(8). 

91. Briken, V., S.E. Ahlbrand, and S. Shah, Mycobacterium tuberculosis and the host 

cell inflammasome: a complex relationship. Front Cell Infect Microbiol, 2013. 3: p. 

62. 

92. Roberts, L.L. and C.M. Robinson, Mycobacterium tuberculosis infection of human 

dendritic cells decreases integrin expression, adhesion and migration to 

chemokines. Immunology, 2014. 141(1): p. 39-51. 



92 

 

93. Cavalcanti, Y.V., et al., Role of TNF-Alpha, IFN-Gamma, and IL-10 in the 

Development of Pulmonary Tuberculosis. Pulm Med, 2012. 2012: p. 745483. 

94. Flynn, J.L., et al., An essential role for interferon gamma in resistance to 

Mycobacterium tuberculosis infection. J Exp Med, 1993. 178(6): p. 2249-54. 

95. Beham, A.W., et al., A TNF-regulated recombinatorial macrophage immune 

receptor implicated in granuloma formation in tuberculosis. PLoS Pathog, 2011. 

7(11): p. e1002375. 

96. Pagan, A.J. and L. Ramakrishnan, Immunity and Immunopathology in the 

Tuberculous Granuloma. Cold Spring Harb Perspect Med, 2014. 5(9). 

97. Shaler, C.R., et al., Within the Enemy's Camp: contribution of the granuloma to the 

dissemination, persistence and transmission of Mycobacterium tuberculosis. Front 

Immunol, 2013. 4: p. 30. 

98. Hunter, R.L., The Pathogenesis of Tuberculosis: The Early Infiltrate of Post-

primary (Adult Pulmonary) Tuberculosis: A Distinct Disease Entity. Front 

Immunol, 2018. 9: p. 2108. 

99. Hunter, R. and J. Actor, The pathogenesis of post-primary tuberculosis. A game 

changer for vaccine development. Tuberculosis (Edinb), 2019. 116S: p. S114-S117. 

100. Milburn, H.J., Primary tuberculosis. Curr Opin Pulm Med, 2001. 7(3): p. 133-41. 

101. Delgado, B.J. and T. Bajaj, Ghon Complex, in StatPearls. 2022: Treasure Island 

(FL). 

102. Marais, B.J., et al., The natural history of childhood intra-thoracic tuberculosis: a 

critical review of literature from the pre-chemotherapy era. Int J Tuberc Lung Dis, 

2004. 8(4): p. 392-402. 

103. McAdams, H.P., J. Erasmus, and J.A. Winter, Radiologic manifestations of 

pulmonary tuberculosis. Radiol Clin North Am, 1995. 33(4): p. 655-78. 

104. Andreu, J., et al., Radiological manifestations of pulmonary tuberculosis. Eur J 

Radiol, 2004. 51(2): p. 139-49. 



93 

 

105. Thomas, T.A., Tuberculosis in Children. Pediatr Clin North Am, 2017. 64(4): p. 

893-909. 

106. Heemskerk, D., et al., Clinical Manifestation, in Tuberculosis in Adults and 

Children. 2015: London. 

107. Marais, B.J. and H.S. Schaaf, Tuberculosis in children. Cold Spring Harb Perspect 

Med, 2014. 4(9): p. a017855. 

108. Madkour, M.M., Miliary/Disseminated Tuberculosis, in Tuberculosis, M.M. 

Madkour, Editor. 2004, Springer Berlin Heidelberg: Berlin, Heidelberg. p. 273-300. 

109. Vohra, S. and H.S. Dhaliwal, Miliary Tuberculosis, in StatPearls. 2022: Treasure 

Island (FL). 

110. Davies, P.D.O., S.B. Gordon, and G. Davies, Clinical tuberculosis. Fifth edition. 

ed. 2014, Boca Raton: CRC Press, Taylor & Francis Group. xvi, 463 pages. 

111. Loddenkemper, R., M. Lipman, and A. Zumla, Clinical Aspects of Adult 

Tuberculosis. Cold Spring Harb Perspect Med, 2015. 6(1): p. a017848. 

112. Woodring, J.H., et al., Update: the radiographic features of pulmonary 

tuberculosis. AJR Am J Roentgenol, 1986. 146(3): p. 497-506. 

113. Krishnan, N., B.D. Robertson, and G. Thwaites, The mechanisms and consequences 

of the extra-pulmonary dissemination of Mycobacterium tuberculosis. Tuberculosis 

(Edinb), 2010. 90(6): p. 361-6. 

114. Narasimhan, P., et al., Risk factors for tuberculosis. Pulm Med, 2013. 2013: p. 

828939. 

115. Miotto, P., et al., Drug resistance mechanisms and drug susceptibility testing for 

tuberculosis. Respirology, 2018. 23(12): p. 1098-1113. 

116. Gygli, S.M., et al., Antimicrobial resistance in Mycobacterium tuberculosis: 

mechanistic and evolutionary perspectives. FEMS Microbiol Rev, 2017. 41(3): p. 

354-373. 



94 

 

117. Ramaswamy, S. and J.M. Musser, Molecular genetic basis of antimicrobial agent 

resistance in Mycobacterium tuberculosis: 1998 update. Tuber Lung Dis, 1998. 

79(1): p. 3-29. 

118. Dookie, N., et al., Evolution of drug resistance in Mycobacterium tuberculosis: a 

review on the molecular determinants of resistance and implications for 

personalized care. Journal of Antimicrobial Chemotherapy, 2018. 73(5): p. 1138-

1151. 

119. Allue-Guardia, A., J.I. Garcia, and J.B. Torrelles, Evolution of Drug-Resistant 

Mycobacterium tuberculosis Strains and Their Adaptation to the Human Lung 

Environment. Front Microbiol, 2021. 12: p. 612675. 

120. Cohen, K.A., et al., Deciphering drug resistance in Mycobacterium tuberculosis 

using whole-genome sequencing: progress, promise, and challenges. Genome Med, 

2019. 11(1): p. 45. 

121. Torres Ortiz, A., et al., Genomic signatures of pre-resistance in Mycobacterium 

tuberculosis. Nat Commun, 2021. 12(1): p. 7312. 

122. Seung, K.J., S. Keshavjee, and M.L. Rich, Multidrug-Resistant Tuberculosis and 

Extensively Drug-Resistant Tuberculosis. Cold Spring Harb Perspect Med, 2015. 

5(9): p. a017863. 

123. Cadena, A.M., S.M. Fortune, and J.L. Flynn, Heterogeneity in tuberculosis. Nat Rev 

Immunol, 2017. 17(11): p. 691-702. 

124. Drain, P.K., et al., Incipient and Subclinical Tuberculosis: a Clinical Review of 

Early Stages and Progression of Infection. Clin Microbiol Rev, 2018. 31(4). 

125. Concepcion, N.D.P., et al., Standardized radiographic interpretation of thoracic 

tuberculosis in children. Pediatr Radiol, 2017. 47(10): p. 1237-1248. 

126. Lawn, S.D. and A.I. Zumla, Tuberculosis. Lancet, 2011. 378(9785): p. 57-72. 

127. Van Dyck, P., et al., Imaging of pulmonary tuberculosis. Eur Radiol, 2003. 13(8): 

p. 1771-85. 



95 

 

128. Shahzad, T. and M. Irfan, Endobronchial tuberculosis-a review. J Thorac Dis, 2016. 

8(12): p. 3797-3802. 

129. Rikimaru, T., Endobronchial tuberculosis. Expert Rev Anti Infect Ther, 2004. 2(2): 

p. 245-51. 

130. Argun Baris, S., et al., Endobronchial Tuberculosis Mimicking Asthma. Tuberc Res 

Treat, 2015. 2015: p. 781842. 

131. Dahale, A.S., et al., Esophageal tuberculosis: Uncommon of common. JGH Open, 

2018. 2(2): p. 34-38. 

132. Perez-Velez, C.M. and B.J. Marais, Tuberculosis in children. N Engl J Med, 2012. 

367(4): p. 348-61. 

133. Golden, M.P. and H.R. Vikram, Extrapulmonary tuberculosis: an overview. Am 

Fam Physician, 2005. 72(9): p. 1761-8. 

134. Ramirez-Lapausa, M., A. Menendez-Saldana, and A. Noguerado-Asensio, 

[Extrapulmonary tuberculosis]. Rev Esp Sanid Penit, 2015. 17(1): p. 3-11. 

135. Handa, U., I. Mundi, and S. Mohan, Nodal tuberculosis revisited: a review. J Infect 

Dev Ctries, 2012. 6(1): p. 6-12. 

136. Artenstein, A.W., et al., Isolated peripheral tuberculous lymphadenitis in adults: 

current clinical and diagnostic issues. Clin Infect Dis, 1995. 20(4): p. 876-82. 

137. Balasubramanian, V., et al., Pathogenesis of tuberculosis: pathway to apical 

localization. Tuber Lung Dis, 1994. 75(3): p. 168-78. 

138. Yew, W.W. and J. Lee, Pathogenesis of cervical tuberculous lymphadenitis: 

pathways to anatomic localization. Tuber Lung Dis, 1995. 76(3): p. 275-6. 

139. Bolaños, C.A.D., et al., Diagnosis of mycobacteria in bovine milk: an overview. Rev 

Inst Med Trop Sao Paulo, 2017. 59: p. e40. 

140. Rieder, H.L., D.E. Snider, Jr., and G.M. Cauthen, Extrapulmonary tuberculosis in 

the United States. Am Rev Respir Dis, 1990. 141(2): p. 347-51. 

141. Vorster, M.J., et al., Tuberculous pleural effusions: advances and controversies. J 

Thorac Dis, 2015. 7(6): p. 981-91. 



96 

 

142. Zhai, K., Y. Lu, and H.Z. Shi, Tuberculous pleural effusion. J Thorac Dis, 2016. 

8(7): p. E486-94. 

143. Light, R.W., Update on tuberculous pleural effusion. Respirology, 2010. 15(3): p. 

451-8. 

144. Light, R.W., Pleural diseases. 5th ed. 2007, Philadelphia: Lippincott Williams & 

Wilkins. xiii, 427 p. 

145. Debi, U., et al., Abdominal tuberculosis of the gastrointestinal tract: revisited. 

World J Gastroenterol, 2014. 20(40): p. 14831-40. 

146. Malikowski, T., et al., Tuberculosis of the gastrointestinal tract and associated 

viscera. J Clin Tuberc Other Mycobact Dis, 2018. 12: p. 1-8. 

147. Chakinala, R.C. and A.M. Khatri, Gastrointestinal Tuberculosis, in StatPearls. 

2022: Treasure Island (FL). 

148. Udgirkar, S., et al., Clinical Profile, Drug Resistance Pattern and Treatment 

Outcomes of Abdominal Tuberculosis Patients in Western India. Arq Gastroenterol, 

2019. 56(2): p. 178-183. 

149. Palmer, K.R., et al., Abdominal tuberculosis in urban Britain--a common disease. 

Gut, 1985. 26(12): p. 1296-305. 

150. Engin, G. and E. Balk, Imaging findings of intestinal tuberculosis. J Comput Assist 

Tomogr, 2005. 29(1): p. 37-41. 

151. Kalac, N., et al., [Very rare presentation of extrapulmonary tuberculosis: primary 

gastric tuberculosis]. Tuberk Toraks, 2010. 58(3): p. 293-6. 

152. Saenz, B., et al., The dual face of central nervous system tuberculosis: a new Janus 

Bifrons? Tuberculosis (Edinb), 2013. 93(2): p. 130-5. 

153. Be, N.A., et al., Pathogenesis of central nervous system tuberculosis. Curr Mol 

Med, 2009. 9(2): p. 94-9. 

154. Thwaites, G.E. and T.H. Tran, Tuberculous meningitis: many questions, too few 

answers. Lancet Neurol, 2005. 4(3): p. 160-70. 



97 

 

155. Donald, P.R., H.S. Schaaf, and J.F. Schoeman, Tuberculous meningitis and miliary 

tuberculosis: the Rich focus revisited. J Infect, 2005. 50(3): p. 193-5. 

156. Garcia-Monco, J.C., Chapter 100 - Tuberculosis, in Handbook of Clinical 

Neurology, J. Biller and J.M. Ferro, Editors. 2014, Elsevier. p. 1485-1499. 

157. Pigrau-Serrallach, C. and D. Rodriguez-Pardo, Bone and joint tuberculosis. Eur 

Spine J, 2013. 22 Suppl 4: p. 556-66. 

158. Procopie, I., et al., Osteoraticular Tuberculosis-Brief Review of Clinical 

Morphological and Therapeutic Profiles. Curr Health Sci J, 2017. 43(3): p. 171-

190. 

159. Tuli, S.M., General principles of osteoarticular tuberculosis. Clin Orthop Relat 

Res, 2002(398): p. 11-9. 

160. Zajaczkowski, T., Genitourinary tuberculosis: historical and basic science review: 

past and present. Cent European J Urol, 2012. 65(4): p. 182-7. 

161. Figueiredo, A.A. and A.M. Lucon, Urogenital tuberculosis: update and review of 

8961 cases from the world literature. Rev Urol, 2008. 10(3): p. 207-17. 

162. Muneer, A., et al., Urogenital tuberculosis — epidemiology, pathogenesis and 

clinical features. Nature Reviews Urology, 2019. 16(10): p. 573-598. 

163. Kulchavenya, E., Urogenital tuberculosis: definition and classification. Ther Adv 

Infect Dis, 2014. 2(5-6): p. 117-22. 

164. Deshpande, A., et al., Atypical presentation of tuberculosis. J Oral Maxillofac 

Pathol, 2020. 24(2): p. 404. 

165. Alghamdi, A.A., et al., Unusual manifestation of extrapulmonary tuberculosis. Case 

Rep Med, 2013. 2013: p. 353798. 

166. Castano Aroca, M.J., et al., Tuberculosis of the elbow: A rare form of presentation 

of extrapulmonary tuberculosis. Enferm Infecc Microbiol Clin (Engl Ed), 2019. 

37(8): p. 550-551. 

167. Rahman, M.S., et al., Pain in the elbow: a rare presentation of skeletal tuberculosis. 

J Shoulder Elbow Surg, 2008. 17(1): p. e19-21. 



98 

 

168. Plourde, A.R., C.R. Hall, and E. McElvania, The Brief Case: A Real Pain in the 

Testicle-a Case of Extrapulmonary Mycobacterium tuberculosis. J Clin Microbiol, 

2022. 60(3): p. e0060221. 

169. Manso, M.C., et al., Synchronous presentation of two rare forms of extrapulmonary 

tuberculosis. BMJ Case Rep, 2016. 2016: p. 10 1136/bcr-2015-212917. 

170. Veletzky, L., et al., Specific cholecystitis: An unusual presentation of 

extrapulmonary tuberculosis. Int J Infect Dis, 2018. 77: p. 16-17. 

171. Arora, R., et al., Bilateral disciform keratitis as the presenting feature of 

extrapulmonary tuberculosis. Br J Ophthalmol, 2010. 94(6): p. 809-10. 

172. Gogia, V., et al., Patterns of uveitis in patients with proven systemic (pulmonary 

and extrapulmonary) tuberculosis. Int Ophthalmol, 2019. 39(8): p. 1665-1667. 

173. Bhandare, C.A. and P.S. Barad, Lupus vulgaris with endopthalmitis--a rare 

manifestation of extrapulmonary tuberculosis in India. Indian J Tuberc, 2010. 

57(2): p. 98-101. 

174. Petrucci, R., et al., Use of transrenal DNA for the diagnosis of extrapulmonary 

tuberculosis in children: a case of tubercular otitis media. J Clin Microbiol, 2015. 

53(1): p. 336-8. 

175. Purohit, M. and T. Mustafa, Laboratory Diagnosis of Extra-pulmonary 

Tuberculosis (EPTB) in Resource-constrained Setting: State of the Art, Challenges 

and the Need. J Clin Diagn Res, 2015. 9(4): p. EE01-6. 

176. Lynn, S.Z., The World Health Organization Recommended TB Diagnostic Tools, in 

Tuberculosis, K. Jean-Marie Ntumba, Editor. 2018, IntechOpen: Rijeka. p. Ch. 4. 

177. Lamanna, C., The Nature of the Acid-fast Stain. J Bacteriol, 1946. 52(1): p. 99-103. 

178. Reynolds, J., R.B. Moyes, and D.P. Breakwell, Differential staining of bacteria: 

acid fast stain. Curr Protoc Microbiol, 2009. Appendix 3: p. Appendix 3H. 

179. Ichiyama, S. and K. Suzuki, [Clinical application of testing methods on acid-fast 

bacteria]. Kekkaku, 2005. 80(2): p. 95-111. 



99 

 

180. Control., E.C.f.D.P.a., Handbook on tuberculosis laboratory diagnostic methods in 

the European Union – Updated 2018. ECDC; Stockholm. 

181. Ssengooba, W., et al., Feasibility of establishing a biosafety level 3 tuberculosis 

culture laboratory of acceptable quality standards in a resource-limited setting: an 

experience from Uganda. Health Research Policy and Systems, 2015. 13(1): p. 4. 

182. Xu, Y., G. Wang, and M. Xu, Biohazard levels and biosafety protection for 

Mycobacterium tuberculosis strains with different virulence. Biosafety and Health, 

2020. 2(3): p. 135-141. 

183. Small, P.M. and M. Pai, Tuberculosis diagnosis--time for a game change. N Engl J 

Med, 2010. 363(11): p. 1070-1. 

184. Steingart, K.R., et al., Xpert® MTB/RIF assay for pulmonary tuberculosis and 

rifampicin resistance in adults. Cochrane Database Syst Rev, 2014. 2014(1): p. 

Cd009593. 

185. Chakravorty, S., et al., The New Xpert MTB/RIF Ultra: Improving Detection of 

Mycobacterium tuberculosis and Resistance to Rifampin in an Assay Suitable for 

Point-of-Care Testing. mBio, 2017. 8(4). 

186. Dorman, S.E., et al., Xpert MTB/RIF Ultra for detection of Mycobacterium 

tuberculosis and rifampicin resistance: a prospective multicentre diagnostic 

accuracy study. Lancet Infect Dis, 2018. 18(1): p. 76-84. 

187. Ngangue, Y.R., et al., Diagnostic Accuracy of the Truenat MTB Plus Assay and 

Comparison with the Xpert MTB/RIF Assay to Detect Tuberculosis among Hospital 

Outpatients in Cameroon. J Clin Microbiol, 2022. 60(8): p. e0015522. 

188. World Health Organization, Lateral flow urine lipoarabinomannan assay (LF-

LAM) for the diagnosis of active tuberculosis in people living with HIV: policy 

update 2019. 2019, Geneva: World Health Organization. 

189. Iskandar, A., et al., The Diagnostic Value of Urine Lipoarabinomannan (LAM) 

Antigen in Childhood Tuberculosis. J Clin Diagn Res, 2017. 11(3): p. EC32-EC35. 



100 

 

190. Minion, J., et al., Diagnosing tuberculosis with urine lipoarabinomannan: 

systematic review and meta-analysis. Eur Respir J, 2011. 38(6): p. 1398-405. 

191. Baba, K., et al., Rapid and Specific Diagnosis of Tuberculous Pleuritis With 

Immunohistochemistry by Detecting Mycobacterium Tuberculosis Complex Specific 

Antigen MPT64 in Patients From a HIV Endemic Area. Applied 

Immunohistochemistry & Molecular Morphology, 2008. 16(6). 

192. Gronningen, E., et al., MPT64 antigen detection test improves diagnosis of pediatric 

extrapulmonary tuberculosis in Mbeya, Tanzania. Sci Rep, 2021. 11(1): p. 17540. 

193. Jørstad, M.D., et al., MPT64 antigen detection test improves routine diagnosis of 

extrapulmonary tuberculosis in a low-resource setting: A study from the tertiary 

care hospital in Zanzibar. PLOS ONE, 2018. 13(5): p. e0196723. 

194. Adams, D.O., The granulomatous inflammatory response. A review. Am J Pathol, 

1976. 84(1): p. 164-92. 

195. Zumla, A. and D.G. James, Granulomatous infections: etiology and classification. 

Clin Infect Dis, 1996. 23(1): p. 146-58. 

196. Williams, G.T. and W.J. Williams, Granulomatous inflammation--a review. J Clin 

Pathol, 1983. 36(7): p. 723-33. 

197. James, D.G., A clinicopathological classification of granulomatous disorders. 

Postgrad Med J, 2000. 76(898): p. 457-65. 

198. Shah, K.K., B.S. Pritt, and M.P. Alexander, Histopathologic review of 

granulomatous inflammation. J Clin Tuberc Other Mycobact Dis, 2017. 7: p. 1-12. 

199. Mc, D.J. and L.A. Weed, Problems concerned with the histologic diagnosis of 

tuberculosis of lymph nodes. Am J Clin Pathol, 1951. 21(3): p. 223-33. 

200. Narang, S., et al., Utility of fine needle aspiration cytology to comprehend the 

pathogenesis of extrapulmonary tuberculosis. Diagn Cytopathol, 2016. 44(2): p. 98-

102. 

 



101 

 

201. Kohli, M., et al., Xpert((R)) MTB/RIF assay for extrapulmonary tuberculosis and 

rifampicin resistance. Cochrane Database Syst Rev, 2018. 8: p. CD012768. 

202. Lawn, S.D., et al., Advances in tuberculosis diagnostics: the Xpert MTB/RIF assay 

and future prospects for a point-of-care test. Lancet Infect Dis, 2013. 13(4): p. 349-

61. 

203. Maynard-Smith, L., et al., Diagnostic accuracy of the Xpert MTB/RIF assay for 

extrapulmonary and pulmonary tuberculosis when testing non-respiratory samples: 

a systematic review. BMC Infect Dis, 2014. 14: p. 709. 

204. World Health Organization, WHO Guidelines Approved by the Guidelines Review 

Committee, in WHO consolidated guidelines on tuberculosis: tuberculosis 

preventive treatment: Module 1: prevention. 2020, World Health Organization 

© World Health Organization 2020.: Geneva. 

205. Lee, E. and R.S. Holzman, Evolution and current use of the tuberculin test. Clin 

Infect Dis, 2002. 34(3): p. 365-70. 

206. Farhat, M., et al., False-positive tuberculin skin tests: what is the absolute effect of 

BCG and non-tuberculous mycobacteria? Int J Tuberc Lung Dis, 2006. 10(11): p. 

1192-204. 

207. Molina-Gamboa, J.D., et al., Evaluation of the sensitivity of RT-23 purified protein 

derivative for determining tuberculin reactivity in a group of health care workers. 

Clin Infect Dis, 1994. 19(4): p. 784-6. 

208. Mulder, C., et al., Tuberculin skin test reaction depends on type of purified protein 

derivative: implications for cut-off values. Int J Tuberc Lung Dis, 2019. 23(12): p. 

1327-1334. 

209. Aggerbeck, H., et al., C-Tb skin test to diagnose Mycobacterium tuberculosis 

infection in children and HIV-infected adults: A phase 3 trial. PLoS One, 2018. 

13(9): p. e0204554. 

210. Pai, M., et al., Gamma interferon release assays for detection of Mycobacterium 

tuberculosis infection. Clin Microbiol Rev, 2014. 27(1): p. 3-20. 



102 

 

211. Menzies, D., M. Pai, and G. Comstock, Meta-analysis: new tests for the diagnosis 

of latent tuberculosis infection: areas of uncertainty and recommendations for 

research. Ann Intern Med, 2007. 146(5): p. 340-54. 

212. World Health, O., Latent tuberculosis infection: updated and consolidated 

guidelines for programmatic management. 2018, Geneva: World Health 

Organization. 

213. Rumende, C.M., et al., The Benefit of Interferon-Gamma Release Assay for 

Diagnosis of Extrapulmonary Tuberculosis. Acta Med Indones, 2018. 50(2): p. 138-

143. 

214. Feng, Y., et al., Interferon-gamma release assay performance in pulmonary and 

extrapulmonary tuberculosis. PLoS One, 2012. 7(3): p. e32652. 

215. Fan, L., et al., Interferon-gamma release assays for the diagnosis of extrapulmonary 

tuberculosis: a systematic review and meta-analysis. FEMS Immunol Med 

Microbiol, 2012. 65(3): p. 456-66. 

216. Zhou, X.X., et al., Body Fluid Interferon-gamma Release Assay for Diagnosis of 

Extrapulmonary Tuberculosis in Adults: A Systematic Review and Meta-Analysis. 

Sci Rep, 2015. 5: p. 15284. 

217. Yurt, S., et al., Diagnostic utility of serum and pleural levels of adenosine 

deaminase 1-2, and interferon-γ in the diagnosis of pleural tuberculosis. Multidiscip 

Respir Med, 2014. 9(1): p. 12. 

218. Aggarwal, A.N., et al., Adenosine deaminase for diagnosis of tuberculous pleural 

effusion: A systematic review and meta-analysis. PLoS One, 2019. 14(3): p. 

e0213728. 

219. Goto, M., et al., Diagnostic value of adenosine deaminase in tuberculous pleural 

effusion: a meta-analysis. Ann Clin Biochem, 2003. 40(Pt 4): p. 374-81. 

220. Greco, S., et al., Adenosine deaminase and interferon gamma measurements for the 

diagnosis of tuberculous pleurisy: a meta-analysis. Int J Tuberc Lung Dis, 2003. 

7(8): p. 777-86. 



103 

 

221. Porcel, J.M., Tuberculous pleural effusion. Lung, 2009. 187(5): p. 263-70. 

222. Steingart, K.R., et al., Commercial serological tests for the diagnosis of active 

pulmonary and extrapulmonary tuberculosis: an updated systematic review and 

meta-analysis. PLoS Med, 2011. 8(8): p. e1001062. 

223. Viney, K., et al., New definitions of pre-extensively and extensively drug-resistant 

tuberculosis: update from the World Health Organization. Eur Respir J, 2021. 

57(4). 

224. World Health Organization, The use of molecular line probe assay for the detection 

of resistance to isoniazid and rifampicin: policy update. 2016, Geneva: World 

Health Organization. 

225. World Health Organization, The use of molecular line probe assays for the detection 

of resistance to second-line anti-tuberculosis drugs: policy guidance. 2016, 

Geneva: World Health Organization. 

226. Mvelase, N.R. and K.P. Mlisana, Xpert MTB/XDR for rapid detection of drug-

resistant tuberculosis beyond rifampicin. Lancet Infect Dis, 2022. 22(2): p. 156-

157. 

227. Pillay, S., et al., Xpert MTB/XDR for detection of pulmonary tuberculosis and 

resistance to isoniazid, fluoroquinolones, ethionamide, and amikacin. Cochrane 

Database of Systematic Reviews, 2022(5). 

228. World Health Organization, The use of next-generation sequencing technologies for 

the detection of mutations associated with drug resistance in Mycobacterium 

tuberculosis complex: technical guide. 2018, World Health Organization: Geneva. 

229. Walker, T.M., et al., The 2021 WHO catalogue of Mycobacterium tuberculosis 

complex mutations associated with drug resistance: A genotypic analysis. Lancet 

Microbe, 2022. 3(4): p. e265-e273. 

230. Prediction of Susceptibility to First-Line Tuberculosis Drugs by DNA Sequencing. 

New England Journal of Medicine, 2018. 379(15): p. 1403-1415. 



104 

 

231. Kisembo, H.N., et al., Chest radiographic findings of pulmonary tuberculosis in 

severely immunocompromised patients with the human immunodeficiency virus. Br 

J Radiol, 2012. 85(1014): p. e130-9. 

232. Mendelson, M., Diagnosing tuberculosis in HIV-infected patients: challenges and 

future prospects. British Medical Bulletin, 2007. 81-82(1): p. 149-165. 

233. Nicol, M.P. and H.J. Zar, New specimens and laboratory diagnostics for childhood 

pulmonary TB: progress and prospects. Paediatric Respiratory Reviews, 2011. 

12(1): p. 16-21. 

234. Zar, H.J., et al., Sputum induction for the diagnosis of pulmonary tuberculosis in 

infants and young children in an urban setting in South Africa. Arch Dis Child, 

2000. 82(4): p. 305-8. 

235. Peter, J.G., et al., Sputum induction to aid diagnosis of smear-negative or sputum-

scarce tuberculosis in adults in HIV-endemic settings. European Respiratory 

Journal, 2014. 43(1): p. 185. 

236. Luo, W., et al., Comparison of sputum induction and bronchoscopy in diagnosis of 

sputum smear-negative pulmonary tuberculosis: a systemic review and meta-

analysis. BMC Pulmonary Medicine, 2020. 20(1): p. 146. 

237. Ruiz Jiménez, M., et al., “Induced sputum versus gastric lavage for the diagnosis 

of pulmonary tuberculosis in children”. BMC Infectious Diseases, 2013. 13(1): p. 

222. 

238. Ganiem, A.R., et al. Microbiological Testing of Gastric Aspirate Improves the 

Diagnosis of Pulmonary Tuberculosis in Unconscious Adults with TB Meningitis. 

Infectious Disease Reports, 2020. 12, 134-140 DOI: 10.3390/idr12030025. 

239. Aslam, W., et al., Gastric specimens for diagnosing tuberculosis in adults unable to 

expectorate in Rawalpindi, Pakistan. Public Health Action, 2017. 7(2): p. 141-146. 

240. Jacomelli, M., et al., Bronchoscopy for the diagnosis of pulmonary tuberculosis in 

patients with negative sputum smear microscopy results. J Bras Pneumol, 2012. 

38(2): p. 167-73. 



105 

 

241. McWilliams, T., et al., Induced sputum and bronchoscopy in the diagnosis of 

pulmonary tuberculosis. Thorax, 2002. 57(12): p. 1010. 

242. Sharma, S.K., A. Mohan, and M. Kohli, Extrapulmonary tuberculosis. Expert Rev 

Respir Med, 2021. 15(7): p. 931-948. 

243. Norbis, L., et al., Challenges and perspectives in the diagnosis of extrapulmonary 

tuberculosis. Expert Rev Anti Infect Ther, 2014. 12(5): p. 633-47. 

244. Nahid, P., et al., Executive Summary: Official American Thoracic Society/Centers 

for Disease Control and Prevention/Infectious Diseases Society of America Clinical 

Practice Guidelines: Treatment of Drug-Susceptible Tuberculosis. Clinical 

Infectious Diseases, 2016. 63(7): p. 853-867. 

245. World Health Organization, Treatment of tuberculosis: guidelines. 2010, World 

Health Organization: Geneva. 

246. World Health Organization, WHO consolidated guidelines on tuberculosis: module 

5: management of tuberculosis in children and adolescents: web annex 5: overview 

of consolidated WHO recommendations. 2022, Geneva: World Health 

Organization. 

247. Turkova, A., et al., Shorter Treatment for Nonsevere Tuberculosis in African and 

Indian Children. New England Journal of Medicine, 2022. 386(10): p. 911-922. 

248. Falzon, D., et al., WHO guidelines for the programmatic management of drug-

resistant tuberculosis: 2011 update. European Respiratory Journal, 2011. 38(3): p. 

516. 

249. World Health Organization, Guidelines for the programmatic management of drug-

resistant tuberculosis - 2011 update. 2011. 

250. Van Deun, A., et al., Short, highly effective, and inexpensive standardized treatment 

of multidrug-resistant tuberculosis. Am J Respir Crit Care Med, 2010. 182(5): p. 

684-92. 



106 

 

251. Falzon, D., et al., World Health Organization treatment guidelines for drug-

resistant tuberculosis, 2016 update. European Respiratory Journal, 2017. 49(3): p. 

1602308. 

252. World Health Organization, WHO consolidated guidelines on drug-resistant 

tuberculosis treatment. 2019, Geneva: World Health Organization. 

253. Mirzayev, F., et al., World Health Organization recommendations on the treatment 

of drug-resistant tuberculosis, 2020 update. European Respiratory Journal, 2021. 

57(6): p. 2003300. 

254. World Health Organization, WHO treatment guidelines for isoniazid-resistant 

tuberculosis, Supplement to the WHO treatment guidelines for drug-resistant 

tuberculosis. 2018. 

255. World Health Organization, WHO consolidated guidelines ontuberculosisModule 

1: PreventionTuberculosis preventive treatment. 2020: World Health Organization. 

256. World Health Organization, World health statistics 2019: monitoring health for the 

SDGs, sustainable development goals. 2019. 120. 

257. Rabold, E.M., et al., Systematic Review of Reported HIV Outbreaks, Pakistan, 2000-

2019. Emerg Infect Dis, 2021. 27(4): p. 1039-1047. 

258. Ahmed, A., F.K. Hashmi, and G.M. Khan, HIV outbreaks in Pakistan. The Lancet 

HIV, 2019. 6(7): p. e418. 

259. Qadeer, E., et al., Population Based National Tuberculosis Prevalence Survey 

among Adults (>15 Years) in Pakistan, 2010-2011. PLoS One, 2016. 11(2): p. 

e0148293. 

260. Tahseen, S., et al., Systematic case finding for tuberculosis in HIV-infected people 

who inject drugs: experience from Pakistan. Int J Tuberc Lung Dis, 2018. 22(2): p. 

187-193. 

 



107 

 

261. Tahseen, S., et al., Use of Xpert(®) MTB/RIF assay in the first national anti-

tuberculosis drug resistance survey in Pakistan. Int J Tuberc Lung Dis, 2016. 

20(4): p. 448-55. 

262. Zignol, M., et al., Population-based resistance of Mycobacterium tuberculosis 

isolates to pyrazinamide and fluoroquinolones: results from a multicountry 

surveillance project. Lancet Infect Dis, 2016. 16(10): p. 1185-1192. 

263. De Muynck, A., et al., Tuberculosis control in Pakistan: critical analysis of its 

implementation. J Pak Med Assoc, 2001. 51(1): p. 41-7. 

264. Metzger, P., et al., Tuberculosis control in Pakistan: reviewing a decade of success 

and challenges. East Mediterr Health J, 2010. 16 Suppl: p. S47-53. 

265. Tahseen, S., et al., Implementing universal rifampicin testing for TB in Pakistan: 

results and implications for the TB response. The International Journal of 

Tuberculosis and Lung Disease, 2020. 24(8): p. 795-801. 

266. Kazi, G.N., et al., Tuberculosis control in Pakistan: A decade (2011-2020) in 

review. Pakistan Journal of Public Health, 2022. 12(1): p. 17-22. 

267. National TB Control Program, Annual Report 2016, National TB Control 

Programe, N.T.C. program, Editor. 2017, National TB Control programe 

Islamabad, Pakistan. 

268. Tahseen, S., et al., Phenotypic vs. genotypic resistance to fluoroquinolones in 

rifampicin-resistant TB. The International Journal of Tuberculosis and Lung 

Disease, 2021. 25(10): p. 861-863. 

269. Ghodousi, A., et al., &lt;em&gt;In vivo&lt;/em&gt; microevolution of 

&lt;em&gt;Mycobacterium tuberculosis&lt;/em&gt; and transient emergence of 

&lt;em&gt;atpE&lt;/em&gt;_Ala63Pro mutation during treatment in a pre-XDR 

TB patient. European Respiratory Journal, 2022. 59(3): p. 2102102. 

270. Ghodousi, A., et al., Acquisition of Cross-Resistance to Bedaquiline and 

Clofazimine following Treatment for Tuberculosis in Pakistan. Antimicrob Agents 

Chemother, 2019. 63(9). 



108 

 

271. Stop TB Partnership, Mycobacteriology Laboratory Manual First ed. 2014: Global 

Laboratory Initiative a Working group of the Stop TB Partnership  

272. Dendukuri, N., et al., Concerns about composite reference standards in diagnostic 

research. BMJ: British Medical Journal, 2018. 360. 

273. Cohen, J.F., et al., STARD 2015 guidelines for reporting diagnostic accuracy 

studies: explanation and elaboration. BMJ Open, 2016. 6(11): p. e012799. 

274. Bossuyt, P.M., et al., Towards complete and accurate reporting of studies of 

diagnostic accuracy: the STARD initiative. Bmj, 2003. 326(7379): p. 41-4. 

275. Umemneku Chikere, C.M., et al., Diagnostic test evaluation methodology: A 

systematic review of methods employed to evaluate diagnostic tests in the absence 

of gold standard - An update. PLoS One, 2019. 14(10): p. e0223832. 

276. DiNardo, A.R., et al., Culture is an imperfect and heterogeneous reference standard 

in pediatric tuberculosis. Tuberculosis (Edinburgh, Scotland), 2016. 101S: p. S105-

S108. 

277. Burman, W.J. and R.R. Reves, Review of False-Positive Cultures for 

Mycobacterium tuberculosis and Recommendations for Avoiding Unnecessary 

Treatment. Clinical Infectious Diseases, 2000. 31(6): p. 1390-1395. 

278. Dusthackeer, A., et al., Differential Culturability of Mycobacterium tuberculosis in 

Culture-Negative Sputum of Patients With Pulmonary Tuberculosis and in a 

Simulated Model of Dormancy. Front Microbiol, 2019. 10: p. 2381. 

279. Van Deun, A., et al., Rifampin Drug Resistance Tests for Tuberculosis: Challenging 

the Gold Standard. Journal of Clinical Microbiology, 2013. 51(8): p. 2633-2640. 

280. Rigouts, L., et al., Rifampin Resistance Missed in Automated Liquid Culture System 

for Mycobacterium tuberculosis Isolates with Specific rpoB Mutations. Journal of 

Clinical Microbiology, 2013. 51(8): p. 2641-2645. 

281. Patino, C.M. and J.C. Ferreira, Internal and external validity: can you apply 

research study results to your patients? J Bras Pneumol, 2018. 44(3): p. 183. 



109 

 

282. Al-Hajoj, S., et al., Exploring the sociodemographic and clinical features of 

extrapulmonary tuberculosis in Saudi Arabia. PLoS One, 2015. 10(2): p. e0101667. 

283. Cherian, J.J., et al., Treatment outcome of extrapulmonary tuberculosis under 

Revised National Tuberculosis Control Programme. Indian J Tuberc, 2017. 64(2): 

p. 104-108. 

284. Fader, T., et al., Extrapulmonary tuberculosis in Kabul, Afghanistan: a hospital-

based retrospective review. Int J Infect Dis, 2010. 14(2): p. e102-10. 

285. Forssbohm, M., et al., Demographic characteristics of patients with extrapulmonary 

tuberculosis in Germany. European Respiratory Journal, 2008. 31(1): p. 99. 

286. Mor, Z., et al., Epidemiology of extra-pulmonary tuberculosis in Israel, 1999-2010. 

Int J Tuberc Lung Dis, 2013. 17(2): p. 229-33. 

287. Peto, H.M., et al., Epidemiology of Extrapulmonary Tuberculosis in the United 

States, 1993–2006. Clinical Infectious Diseases, 2009. 49(9): p. 1350-1357. 

288. Pollett, S., et al., Epidemiology, Diagnosis and Management of Extra-Pulmonary 

Tuberculosis in a Low-Prevalence Country: A Four Year Retrospective Study in an 

Australian Tertiary Infectious Diseases Unit. PLoS One, 2016. 11(3): p. e0149372. 

289. Sreeramareddy, C.T., et al., Comparison of pulmonary and extrapulmonary 

tuberculosis in Nepal- a hospital-based retrospective study. BMC Infectious 

Diseases, 2008. 8(1): p. 8. 

290. Varghese, B. and S. Al-Hajoj, Mapping the epidemiology and trends of extra-

pulmonary tuberculosis in Saudi Arabia. Int J Mycobacteriol, 2015. 4(4): p. 261-9. 

291. Wang, X., et al., Insight to the Epidemiology and Risk Factors of Extrapulmonary 

Tuberculosis in Tianjin, China during 2006-2011. PLoS One, 2014. 9(12): p. 

e112213. 

292. Ade, S., et al., National profile and treatment outcomes of patients with 

extrapulmonary tuberculosis in Bénin. PLoS One, 2014. 9(4): p. e95603. 

 



110 

 

293. Government of Pakistan, National Nutritional survey 2018, Key finding report, 

M.o.N.h.s. Nutrition Wing and r.a. coordination, Editors. 2018: 2018. 

294. Ohene, S.A., et al., Extra-pulmonary tuberculosis: A retrospective study of patients 

in Accra, Ghana. PLoS One, 2019. 14(1): p. e0209650. 

295. Kim, J.H., et al., Delayed diagnosis of extrapulmonary tuberculosis presenting as 

fever of unknown origin in an intermediate-burden country. BMC Infect Dis, 2018. 

18(1): p. 426. 

296. Tadesse, M., et al., Xpert MTB/RIF assay for the diagnosis of extrapulmonary 

tuberculosis: a diagnostic evaluation study. Clin Microbiol Infect, 2019. 25(8): p. 

1000-1005. 

297. Sarfaraz, S., et al., Histopathological and microbiological findings and diagnostic 

performance of GeneXpert in clinically suspected tuberculous lymphadenitis. Int J 

Infect Dis, 2018. 76: p. 73-81. 

298. Penz, E., et al., Diagnostic accuracy of the Xpert® MTB/RIF assay for extra-

pulmonary tuberculosis: a meta-analysis. Int J Tuberc Lung Dis, 2015. 19(3): p. 

278-84, i-iii. 

299. Kohli, M., et al., Xpert MTB/RIF Ultra and Xpert MTB/RIF assays for 

extrapulmonary tuberculosis and rifampicin resistance in adults. Cochrane 

Database Syst Rev, 2021. 1(1): p. Cd012768. 

300. Denkinger, C.M., et al., Xpert MTB/RIF assay for the diagnosis of extrapulmonary 

tuberculosis: a systematic review and meta-analysis. Eur Respir J, 2014. 44(2): p. 

435-46. 

301. Fradejas, I., et al., The value of xpert MTB/RIF-generated CT values for predicting 

the smear status of patients with pulmonary tuberculosis. J Clin Tuberc Other 

Mycobact Dis, 2018. 13: p. 9-12. 

 



111 

 

302. Zhang, M., M. Xue, and J.Q. He, Diagnostic accuracy of the new Xpert MTB/RIF 

Ultra for tuberculosis disease: A preliminary systematic review and meta-analysis. 

Int J Infect Dis, 2020. 90: p. 35-45. 

 

303. Park, M. and O.M. Kon, Use of Xpert MTB/RIF and Xpert Ultra in extrapulmonary 

tuberculosis. Expert Rev Anti Infect Ther, 2021. 19(1): p. 65-77. 

304. Theron, G., et al., False-Positive Xpert MTB/RIF Results in Retested Patients with 

Previous Tuberculosis: Frequency, Profile, and Prospective Clinical Outcomes. 

Journal of Clinical Microbiology, 2018. 56(3): p. e01696-17. 

305. Kohli, M., et al., Xpert® MTB/RIF assay for extrapulmonary tuberculosis and 

rifampicin resistance. Cochrane Database of Systematic Reviews, 2018(8). 

306. Bennani, K., et al., Evaluation of the Yield of Histopathology in the Diagnosis of 

Lymph Node Tuberculosis in Morocco, 2017: Cross-Sectional Study. JMIR Public 

Health Surveill, 2019. 5(4): p. e14252. 

307. Kirwan, D.E., et al., Histological Examination in Obtaining a Diagnosis in Patients 

with Lymphadenopathy in Lima, Peru. Am J Trop Med Hyg, 2017. 97(4): p. 1271-

1276. 

308. Russell, D.G., Who puts the tubercle in tuberculosis? Nat Rev Microbiol, 2007. 

5(1): p. 39-47. 

309. Horsburgh, C.R., Jr., Tuberculosis without tubercles. Tuber Lung Dis, 1996. 77(3): 

p. 197-8. 

310. Nakhleh, R.E., What is quality in surgical pathology? J Clin Pathol, 2006. 59(7): p. 

669-72. 

311. Aubry, M.C., Necrotizing granulomatous inflammation: what does it mean if your 

special stains are negative? Mod Pathol, 2012. 25 Suppl 1: p. S31-8. 

 



112 

 

312. Purohit, M.R., et al., Rapid and Specific Diagnosis of Extrapulmonary Tuberculosis 

by Immunostaining of Tissues and Aspirates With Anti-MPT64. Appl 

Immunohistochem Mol Morphol, 2017. 25(4): p. 282-288. 

313. Budvytiene, I. and N. Banaei, Simple Processing of Formalin-Fixed Paraffin-

Embedded Tissue for Accurate Testing with the Xpert MTB/RIF Assay. J Clin 

Microbiol, 2020. 58(3). 

314. Hopewell, P.C., et al., International standards for tuberculosis care. Lancet Infect 

Dis, 2006. 6(11): p. 710-25. 

315. I, T.C., International Standards for Tuberculosis Care, Edition 3. , TB CARE I, 

Editor. 2014: The Hague. 

316. Migliori, G.B., et al., ERS/ECDC Statement: European Union standards for 

tuberculosis care, 2017 update. Eur Respir J, 2018. 51(5). 

317. Sharma, S.K., et al., Drug resistance patterns among extra-pulmonary tuberculosis 

cases in a tertiary care centre in North India. Int J Tuberc Lung Dis, 2017. 21(10): 

p. 1112-1117. 

318. Lee, H.Y., et al., Drug-resistance pattern of Mycobacterium tuberculosis strains 

from patients with pulmonary and extrapulmonary tuberculosis during 2006 to 2013 

in a Korean tertiary medical center. Korean J Intern Med, 2015. 30(3): p. 325-34. 

319. Kumari, R., et al., Rapid Screening of MDR-TB in Cases of Extra Pulmonary 

Tuberculosis Using Geno Type MTBDRplus. PLoS One, 2016. 11(7): p. e0159651. 

320. Theron, G., et al., GenoType(®) MTBDRsl assay for resistance to second-line anti-

tuberculosis drugs. Cochrane Database Syst Rev, 2016. 9(9): p. Cd010705. 

321. Ocheretina, O., et al., False-positive rifampin resistant results with Xpert MTB/RIF 

version 4 assay in clinical samples with a low bacterial load. Diagn Microbiol Infect 

Dis, 2016. 85(1): p. 53-5. 

 



113 

 

322. Sahrin, M., et al., Discordance in Xpert(®) MTB/RIF assay results among low 

bacterial load clinical specimens in Bangladesh. Int J Tuberc Lung Dis, 2018. 

22(9): p. 1056-1062. 

323. World Health, O., Xpert MTB/RIF implementation manual: technical and 

operational ‘how-to’; practical considerations. 2014, Geneva: World Health 

Organization. 

324. World Health Organization, WHO consolidated guidelines on tuberculosis. Module 

3: diagnosis - rapid diagnostics for tuberculosis detection. 2020: World Health 

Organization. 

325. World Health, O., WHO meeting report of a technical expert consultation: non-

inferiority analysis of Xpert MTB/RIF ultra compared to Xpert MTB/RIF. 2017, 

World Health Organization: Geneva. 

326. Ayaz, A., et al., Characterizing <em>Mycobacterium tuberculosis</em> isolates 

from Karachi, Pakistan: drug resistance and genotypes. International Journal of 

Infectious Diseases, 2012. 16(4): p. e303-e309. 

327. Javaid, A., et al., Prevalence of primary multidrug resistance to anti-tuberculosis 

drugs in Pakistan. Int J Tuberc Lung Dis, 2008. 12(3): p. 326-31. 

328. Hofmann-Thiel, S., et al., How should discordance between molecular and growth-

based assays for rifampicin resistance be investigated? The International Journal of 

Tuberculosis and Lung Disease, 2017. 21(7): p. 721-726. 

329. Van Deun, A., et al., The perceived impact of isoniazid resistance on outcome of 

first-line rifampicin-throughout regimens is largely due to missed rifampicin 

resistance. PLoS One, 2020. 15(5): p. e0233500. 

330. Makhado, N.A., et al., Outbreak of multidrug-resistant tuberculosis in South Africa 

undetected by WHO-endorsed commercial tests: an observational study. Lancet 

Infect Dis, 2018. 18(12): p. 1350-1359. 

331. Bisimwa, B.C., et al., Xpert Mycobacterium tuberculosis/Rifampicin–Detected 

Rifampicin Resistance is a Suboptimal Surrogate for Multidrug-resistant 



114 

 

Tuberculosis in Eastern Democratic Republic of the Congo: Diagnostic and 

Clinical Implications. Clinical Infectious Diseases, 2021. 73(2): p. e362-e370. 

332. Seifert, M., et al., Genetic mutations associated with isoniazid resistance in 

Mycobacterium tuberculosis: a systematic review. PLoS One, 2015. 10(3): p. 

e0119628. 

333. Dean, A.S., et al., Prevalence and genetic profiles of isoniazid resistance in 

tuberculosis patients: A multicountry analysis of cross-sectional data. PLOS 

Medicine, 2020. 17(1): p. e1003008. 

334. Siddiqui, S., et al., Evaluation of GenoType MTBDRplus for the detection of drug-

resistant Mycobacterium tuberculosis on isolates from Karachi, Pakistan. PLoS 

One, 2019. 14(8): p. e0221485. 

335. Click, E.S., et al., Isoniazid and Rifampin-Resistance Mutations Associated With 

Resistance to Second-Line Drugs and With Sputum Culture Conversion. J Infect 

Dis, 2020. 221(12): p. 2072-2082. 

336. Manson, A.L., et al., Genomic analysis of globally diverse Mycobacterium 

tuberculosis strains provides insights into the emergence and spread of multidrug 

resistance. Nat Genet, 2017. 49(3): p. 395-402. 

337. Huyen, M.N., et al., Epidemiology of isoniazid resistance mutations and their effect 

on tuberculosis treatment outcomes. Antimicrob Agents Chemother, 2013. 57(8): p. 

3620-7. 

338. Jacobson, K.R., et al., Treatment outcomes of isoniazid-resistant tuberculosis 

patients, Western Cape Province, South Africa. Clin Infect Dis, 2011. 53(4): p. 369-

72. 

339. Katiyar, S.K., et al., A randomised controlled trial of high-dose isoniazid adjuvant 

therapy for multidrug-resistant tuberculosis. Int J Tuberc Lung Dis, 2008. 12(2): p. 

139-45. 

 



115 

 

340. Walsh, K.F., et al., Improved Outcomes With High-dose Isoniazid in Multidrug-

resistant Tuberculosis Treatment in Haiti. Clin Infect Dis, 2019. 69(4): p. 717-719. 

341. Dooley, K.E., et al., Early Bactericidal Activity of Different Isoniazid Doses for 

Drug-Resistant Tuberculosis (INHindsight): A Randomized, Open-Label Clinical 

Trial. Am J Respir Crit Care Med, 2020. 201(11): p. 1416-1424. 

342. Jabeen, K., et al., Fluoroquinolone-Resistant <em>Mycobacterium 

tuberculosis</em>, Pakistan, 2005–2009. Emerging Infectious Disease journal, 

2011. 17(3): p. 566. 

343. Chakravorty, S., et al., Detection of Isoniazid-, Fluoroquinolone-, Amikacin-, and 

Kanamycin-Resistant Tuberculosis in an Automated, Multiplexed 10-Color Assay 

Suitable for Point-of-Care Use. J Clin Microbiol, 2017. 55(1): p. 183-198. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



116 

 

7. PUBLISHED PAPERS  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



117 

 

7.1. Paper-1 

 



118 

 

 



119 

 

 



120 

 

 



121 

 

 



122 

 

 



123 

 

 



124 

 

 



125 

 

 



126 

 

 



127 

 

 



128 

 

 



129 

 

 



130 

 

 



131 

 

 



132 

 

 



133 

 

 

7.2. Paper-2 

 



134 

 

 



135 

 

 



136 

 

 



137 

 

 



138 

 

 



139 

 

 



140 

 

 



141 

 

 



142 

 

 



143 

 

 



152 

 

7.4. Paper-4 

 



153 

 

 



154 

 

 



155 

 

 

 



156 

 

 



157 

 

 



158 

 

 



159 

 

 



160 

 

 



161 

 

 



162 

 

 

 



163 

 

 

 



164 

 

 



165 

 

 



166 

 

 



167 

 

 



168 

 

 



169 

 

 



170 

 

 



171 

 

 



172 

 

 

8. APPENDICES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



173 

 

8.1. Appendix-1: Ethical approval retrospective study 

 

 

 



174 

 

8.2. Appendix-2: Ethical approval prospective research project 

(REK) 

 

 



175 

 

 



176 

 

8.3. Appendix-3: Ethical approval prospective research project 

(NBC) 

 

 

 



177 

 

8.4. Appendix-4: Ethical approval retrospective study  

 

 

 



178 

 

 

 

 

 



179 

 

 

 



180 

 

 



181 

 

 





uib.no

ISBN: 9788230846193 (print)
9788230861868 (PDF)


	110557 Sabira Tahseen_SH_Elektronisk
	110557 Sabira Tahseen_SH_korrekturfil
	110557 Sabira Tahseen_SH_innmat
	110557 Sabira Tahseen_SHElektronsk_bakside
	110557 Sabira Tahseen_SHElektronsk_bakside

