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Abstract 

The diffusion of global policies for detection of multidrug-resistant tuberculosis 

(MDR-TB) and its treatment in high-burden countries is not yet fully described in 

the literature. Evaluating the status of policy diffusion from the global to the 

national level can be helpful in planning for future policy development and 

strategies for vulnerable settings. 

Policies for management and care of MDR-TB have been issued and disseminated 

through a multitude of channels. However, the uptake of such policies has been 

slow, despite the urgent need for public health programmes and national authorities 

to provide MDR-TB patients with evidence-based interventions that may improve 

their quality of life.  

The adoption of policies or their key components appears to be falling behind in 

many countries. Understanding the status of policy diffusion, especially in high 

MDR-TB burden settings, can provide some knowledge about the challenges for 

diffusion of global MDR-TB policies. This study used the diffusion of innovation 

theory as a lens to understand and illustrate the diffusion of global policies for 

diagnosis and treatment of MDR-TB from 2010 to 2015. The aim was to evaluate 

the current status of the diffusion process, and serve as a proxy to estimate the 

diffusion of newer policies such as the introduction of the World Health 

Organization (WHO)-recommended shorter MDR-TB regimen and implementation 

of new TB drugs. This study did not examine a government’s or an adopter’s

decision to implement, but instead focused on the status, time-to-adopt and 

determinants of policy adoption. Multilevel and Cox proportional hazards 

modelling were used to assess policy diffusion of drug-susceptibility testing (DST) 

and provision of treatment for MDR-TB cases. Overall, the findings of this study 

indicate that the diffusion of these policy components is occurring at a slow pace; 

however, although the time-to-adoption was difficult to estimate, the diffusion rate 

of MDR-TB treatment appears to be increasing over time. Estimated number of 

HIV-associated TB and regional components appeared to be determinants of the 

diffusion of DST and MDR-TB treatment. 

Key words: Health policy; adoption; tuberculosis; drug-resistance. 
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Chapter 1: Introduction 

Tuberculosis (TB) is one of the most prevalent infectious diseases in the history of 

humankind (1, 2). Currently, TB accounts for the largest portion of all preventable 

deaths worldwide (3). Its causal agent, Mycobacterium tuberculosis, which belongs 

to the Mycobacterium tuberculosis complex, is believed to have been systematically 

introduced into humankind during the development of agriculture around 9000 

years ago (4). M. tuberculosis is an acid-fast bacillus, and given that its cell wall 

has characteristics of both Gram-positive and Gram-negative bacteria, it can be 

classified as either. It is a facultative intracellular pathogen that most commonly 

affects the respiratory system, but any organ system is susceptible. The probability 

of becoming infected with M. tuberculosis depends on the proximity of exposure 

along with the number of infectious droplet nuclei per volume of air, and the 

duration of exposure of a susceptible individual to that particle density (5). In most 

cases, the immune response in exposed hosts can limit the proliferation of the 

bacilli and produce a partial immunity; however, M. tuberculosis can lie dormant in 

the human body for decades. After exposure, a minority of cases (5–10%) progress 

to active TB disease (6).  

The complexity of M. tuberculosis along with the social constraints that lead to (or 

result from) the disease have led to calls for vigorous measures for its control (7-9). 

Improvements to sanitation, the prevention of disseminated and complicated forms 

of TB through vaccination with the bacillus Calmette-Guerin (BCG) and, 

especially, the advent of antibiotics were major breakthroughs in the fight against 

the disease (10). However, these measures have become insufficient to rapidly 

address the new challenges that have arisen in the past decades, including disrupted 

healthcare systems, human migration, coinfection with human immunodeficiency 

virus (HIV) and other comorbidities, and the emergence of drug-resistant strains of 

M. tuberculosis (11). During recent decades, in an attempt to rapidly reduce the 

infectivity of TB patients (by reducing bacillary load), and prevent further 

transmission of M. tuberculosis, control efforts have focused primarily on 

identification of suspected TB cases and provision of early anti-TB treatment (12-

14).  
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In 1991, the World Health Assembly, the governing body of the World Health 

Organization (WHO), recognised effective case management (i.e. detection of TB 

cases, proper treatment and care) as the central intervention for TB control (15). 

This was followed by the development of the first internationally recommended TB 

strategy named DOTS, (directly observed treatment, short-course) (15). DOTS and 

subsequent strategies for the adequate management of TB have centred on core 

components that are intended to facilitate and sustain case finding strategies, and to 

improve the provision and uninterrupted supply of treatment regimens and care 

strategies for TB patients (8, 16, 17); these components have been the backbone of 

global policies for the treatment of TB. Optimum TB management requires a 

strong, effective and efficient public health infrastructure to ensure rapid detection, 

prevention and treatment –interventions that can be particularly complex for the 

management of drug-susceptible TB, and more so for drug-resistant forms. Drug-

resistant TB – that is, multidrug-resistant TB (MDR-TB) and extensively drug-

resistant TB (XDR-TB) – has emerged in most [prevalent] settings as a result of 

disrupted public health systems, inadequate TB treatment or deficient infection 

control measures (10, 12); it is one of greatest challenges in modern public health 

history (11). There is wide consensus that, in most prevalent settings, TB behaves 

as a social disease, affecting the poorest, the most vulnerable and other at-risk 

populations. Therefore, to tackle the disease it is necessary to address the social 

determinants and inequalities that foster it. However, in the face of the growing 

threat of drug resistance, rapidly identifying cases and treating them may be the 

most effective way to interrupt the cycle of disease. The emergence of drug-

resistant TB strains has shifted the conceptualization of the disease from one for 

which management was deemed cost-effective (through short-course 

chemotherapy) to one that is not only more difficult to treat, but also costly and 

toxic. As is the case in various fields, shifting trends require shifting strategies. The 

emergence of drug resistance has resulted in extreme changes to global TB policy 

that, in turn, have led to changes in health systems’infrastructure(requirementsfor

improved diagnostics) and healthcare models (inpatient versus outpatient), and to 

increased demand for funds to tackle the disease.  

The development and adoption of policies for the management and care of TB, 

including MDR-/XDR-TB, are needed more than ever before. Although policies 
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alone are insufficient to end the TB epidemic, they do underpin and embody the 

basis for a strong and comprehensive TB response. In the face of an emergent drug-

resistant TB epidemic, learning the extent to which specific policies for the 

management of MDR-/XDR-TB patients have been adopted or scaled-up could be 

helpful to detect progress made by countries with a high-burden of drug-resistant 

TB and to predict how fast new policies could be implemented in such settings.  

1.1. Background and rationale 

Drug-resistant TB is a man-made phenomenon that has emerged as a result of 

inadequate TB treatment and deficient infection control measures (18). The era of 

TB drug development began in 1943 with the discovery of streptomycin – the first 

effective molecule against M. tuberculosis (13). However, it was only in 1952 that 

the concept of combination therapy arose in an attempt to prevent the emergence of 

drug resistance. Drug-resistant forms of TB develop by the selective growth of 

resistant mutants. The development of resistance in M. tuberculosis was observed 

with the continuous use of streptomycin monotherapy (13). Para-aminosalicylic 

acid and isoniazid (discovered in 1948 and 1952, respectively) soon exhibited 

positive treatment results when combined with streptomycin (13). However, 

socially mediated constraints (e.g. poverty, disruption of healthcare systems and 

reduced funding for research) and other biological factors contributed to 

unprecedented increased trends in morbidity and mortality attributed to TB, and led 

WHO to declare TB as a global public health emergency in 1993 (19). The TB 

epidemic in the early 1990s was fuelled in turn by the increasing incidence of HIV 

infection worldwide (20). The declining cellular immunity resulted in both 

reactivation of old, endogenous foci of M. tuberculosis and vulnerability to newly 

acquired infection (21). As the number of TB cases rose and proportionally fewer 

resources were allocated to public health programmes, suboptimal treatment 

regimens, interrupted drug supply and intermittent intake of TB drugs contributed 

to high levels of drug-resistant TB. 

Typically, resistance of mycobacterial TB strains encompasses distinct 

classifications depending not only on the number of drugs, but also on specific 

medicines to which M. tuberculosis isolates become resistant. Monoresistance is 

defined as resistance to any one of the four first-line anti-TB drugs (isoniazid, 
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rifampicin, ethambutol or pyrazinamide) and polyresistance is defined as resistance 

to two or more first-line drugs, other than isoniazid and rifampicin. MDR-TB is 

categorised as resistance to at least isoniazid and rifampicin; whereas M. 

tuberculosis strains in XDR-TB, a sub-category of MDR-TB, are also resistant to 

any fluoroquinolone (levofloxacin, moxifloxacin, gatifloxacin or ofloxacin), and at 

least one of the three second-line injectable drugs (capreomycin, kanamycin or 

amikacin). Although monoresistance and polyresistance have been reported 

globally, the present work focuses on MDR-/XDR-TB, given that these are the 

most commonly known (and reported) forms of drug-resistant TB; moreover, 

although global polices address drug resistance as a whole, specific 

recommendations for management and care primarily centre on MDR-/XDR-TB.  

1.1.1 Mechanisms of drug resistance in M. tuberculosis  

M. tuberculosis is morphologically resistant to most antibiotics, mainly due to its 

cell wall. The mycobacterial cell wall consists of an inner layer and an outer layer 

that surround the plasma membrane. The outer capsule is composed of proteins and 

polysaccharides, while the inner layer consists of peptidoglycan, arabinogalactan, 

and mycolic acids. The high density of lipids, which make up about 60% of the cell 

wall, make this barrier permeable only to hydrophilic solutes (22, 23). Early in the 

20
th

 century, development of anti-mycobacterial drugs seemed impossible because 

of the lipid-rich cell wall of the bacilli; nevertheless, anti-mycobacterial drugs have 

been designed that account for the unique structure of the M. tuberculosis cell wall. 

For instance, small hydrophilic molecules (e.g. isoniazid, pyrazinamide and 

ethambutol) span the cell wall through water-filled channels or porins (24), whereas 

hydrophobic molecules (e.g. rifampicin, macrolides, tetracyclines and 

fluoroquinolones) penetrate the cell wall via the lipid interior.  

Darwin’s theory of evolution is a perfect example to better understand the 

development of drug resistance in M. tuberculosis (25). Classical theory postulated 

the mechanism of the emergence drug resistance based on the selection of naturally 

pre-existing resistant mutants in the mycobacterial population by drug pressure. 

Natural resistance to anti-mycobacterial drugs occurs as a result of the frequency of 

spontaneous mutations within its genome and independently of exposure to therapy 

(22). Resistant bacilli that have been generated during the replication process of 
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M. tuberculosis coexist with a population of bacilli that are sensitive to anti-

mycobacterial drugs, and that are eliminated through therapy, resulting in the 

selection of resistant strains. As indicated by selective evolution concepts, M. 

tuberculosis resistant strains only become predominant if the resistance phenotypes 

provide the mutants with survival advantages over susceptible strains (25). Yet the 

presence of a small number of resistant mutants does not cause drug-resistant TB 

when the treatment regimen is adequate (22). The development of generations of 

drug-resistant bacilli is the result of unremitting selection pressure due to misuse of 

antibiotics. Selective pressure conferred by antibiotics increases the capacity of the 

bacilli to diversify and adapt (25). 

The mechanisms related to drug resistance could involve mutations in genes coding 

for target proteins, decreased permeability or increased efflux (25). The following 

have been described and are discussed below: modification of drug targets, 

chemical modification of drugs, enzymatic degradation of drugs and drug 

deportation by efflux pumps. 

Modification of drug targets 

Pathogenic bacteria can avoid antibacterial activity of antibiotics through structural 

modifications of their targets, thereby reducing antibiotic binding affinity. For 

example, macrolide and lincosamide antibiotics stop the growth of bacterial cells 

through inhibitory action on the protein synthetic machinery. Although the Pasteur 

vaccine strain BCG is exceptionally susceptible to many macrolides and 

lincosamides. M. bovis and other vaccine strains remain resistant to these 

antibiotics. The sensitivity of BCG to macrolides and lincosamides has been 

attributed to chromosomal deletion of the erm37 gene, which encodes a ribosomal 

ribonucleic acid methyltransferase. In vitro macrolide binding assays have 

confirmed that erm37 activity reduces the affinity of macrolides for the ribosomes, 

consequently lowering the inhibitory activity of macrolides on protein synthesis. 

Another example of the ability of M. tuberculosis to neutralise drug action through 

enzymatic modification of its target is the methylation of ribosomal RNA that 

mediates resistance to cyclic peptide antibiotics (25).  
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Chemical modification of drugs 

Mycobacteria are capable of inactivating antibiotics via direct chemical 

modifications (e.g. acetylation), as is the case with aminoglycosides. The intrinsic 

resistance of M. tuberculosis to aminoglycosides has been attributed to an 

acetyltransferase, a protein termed EIS (enhanced intracellular survival). EIS is 

believed to have a dual function in the protection of M. tuberculosis against 

mycobactericidal mechanisms of both host immunity and antibiotics. Initially 

deemed a determinant of mycobacterial survival in host macrophages, mutations 

within the eis promoter region have been identified in 80% of low-level kanamycin 

resistant clinical isolates and in isolates of M. tuberculosis cases. Additionally, in 

vitro studies have shown that EIS acetylates various amine groups of 

aminoglycosides using acetyl-coenzyme A as an acetyl donor, thereby inactivating 

the antibiotics (25).  

Enzymatic degradation of drugs 

β-Lactam antibiotics that inhibit transpeptidase reactions and prevent cell wall 

assembly in bacteria are the most widely used antibiotics. Pathogenic bacteria are 

believed todegradeantibioticsbyusinghydrolases (e.g.β-lactamases). β-Lactam 

antibiotics, for example, bind to penicillin binding proteins and inhibit their activity 

(i.e. assembly of the peptidoglycan network), resulting in disruption of cell wall 

biosynthesisandcelldeath.β-lactamases,whichhydrolyzetheβ-lactamringofβ-

lactams,providetheparamountβ-lactam resistance in mycobacteria (25).  

Drug deportation by efflux pumps 

An active mechanism that commonly provides protection against antibiotics in 

pathogenic bacteria is to expel the reagents using efflux pumps. These proteins are 

found in both Gram-positive and Gram-negative bacteria, and in eukaryotic 

organisms. These are transport proteins that play multiple roles in the physiology or 

metabolism of bacteria involving, for example, transportation of nutrients, toxins, 

wastes, signalling or extraction of toxic substrates through the cell wall (25).  
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1.1.2 Evolution of TB treatment and drug resistance 

management 

Though M. tuberculosis transmission has been tracked back several thousands of 

years, records of deaths to consumption or phthisis – the common names for TB in 

its early days – only confirmed a significant TB burden that unfolded during the 

industrial revolution (26). During the 18
th

 and 19
th

 centuries, TB was epidemic in 

Europe and caused millions of deaths, particularly in the poorer classes of society 

(27). From Hippocrates’ era to Galen’s, medical care for TB patients comprised

plentiful and good food, rest and exercise (28). However, medical practices for TB 

begantochangein1854,withtheopeningofthefirsthigh-altitude sanatorium for 

treatment of pulmonary TB, under the belief that optimal airy conditions could 

prevent and heal TB (29). Such practices gradually transitioned to incorporate the 

use of collapse therapy, and later other surgical procedures were added (30). Such 

practices became superfluous after the discovery of anti-mycobacterial drugs (13).  

The history of TB treatment was transformed dramatically after the introduction of 

streptomycin during the 1940s. However, not long after patients started receiving 

streptomycin monotherapy, drug-resistant strains emerged (13, 31). With the advent 

of other drugs with potential anti-mycobacterial activity, multidrug or combination 

therapy became fundamental for the control of the disease (13, 32, 33). A series of 

clinical trials conducted by the British Medical Research Council from 1946 to 

1986 led to the delineation of short-course chemotherapy, which included isoniazid 

and rifampicin (the two drugs that formed the backbone of TB treatment), and 

which was administered for 6–8 months. Drug therapy was useful not only for 

preventing the emergence of drug resistance, but also to target different populations 

of bacilli. Despite the effectiveness of short-course chemotherapy, drug-resistant 

strains were increasingly being reported from data from the United Kingdom (34) 

and outbreak reports from the United States, involving strains resistant to an 

average of 5.8 drugs (35-37). 

As drug development advances for TB plateaued after the delineation of the 

standard short-course regimen (38, 39), and in the face of an imminent drug-

resistant TB, in 1994, WHO-recommended the DOTS strategy. DOTS was a 

modality of TB treatment supervision intended to ensure that the drugs were taken 
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in the right combinations (40). Although DOTS dramatically increased the 

effectiveness of TB control programmes (41), the emergence of HIV-related TB, 

deteriorating health services and inadequate response from TB treatment 

programmes led to a gradual increase in the number of drug-resistant cases globally 

(10, 11). 

In MDR-TB, M. tuberculosis strains are resistant to at least isoniazid and 

rifampicin (the two most potent TB drugs and the backbone of the standard short 

treatment course), and poor treatment outcomes were observed in these cases, 

threatening TB control (42, 43). In response to this, DOTS-plus was created in 

2000, with the aim of promoting rational use of second-line drugs and improving 

access to quality-assured second-line drugs at reduced prices (44, 45). 

Subsequently, global policies for the management and care of patients with drug-

resistant TB have been developed. National TB control programmes and public 

health policy-makers have been encouraged to adapt and adopt the 

recommendations into their national guidelines, accordingly. However, in contrast 

to the implementation of policies for treatment of drug-susceptible TB, which 

contributed to more than 40 million of patients being successfully treated between 

1995 and 2009, the extent of the diffusion of policy guidelines for the 

programmatic management of drug-resistant TB is yet to be fully described.  

1.1.3 Burden of drug-resistant TB 

The burden of drug-resistant TB varies significantly not only between but also 

within countries (3). As with TB itself, the overwhelming burden of MDR-/XDR-

TB is found in high TB prevalent and resource-constrained areas. WHO estimates 

indicate that, in 2015, more than half a million cases developed rifampicin-resistant 

(RR) and MDR-TB (580 000; 95% confidence interval [CI]: 520 000–640 000), 

with MDR-TB accounting for 83% of the total burden of estimated drug-resistant 

TB cases (3). Globally, close to 4% (3.9%; 95% CI: 2.7–5.1%) of MDR-TB cases 

were estimated among new TB cases, whereas 21% (95% CI: 15–28%) of 

previously treated TB patients developed RR-/MDR-TB (3). In high MDR-TB 

burden countries, 4.3% (95% CI: 2.7–5.8%) and 22% (95% CI: 14–31%) of cases 

are found in new and previously treated cases, respectively (3).  
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Although countries with the largest numbers of RR-/MDR-TB cases (accounting 

for 45% of the total global burden) include China, India and the Russian 

Federation, the WHO European Region
1
 accounts for the highest estimated 

percentage of RR-/MDR-TB cases detected among new TB cases (16%), with 

Eastern European countries (Belarus, Kyrgyzstan, Republic of Moldova, 

Kazakhstan, Ukraine, Uzbekistan and the Russian Federation) reporting the largest 

proportions of cases, followed by the Western Pacific Region (5.1%), the Eastern 

Mediterranean Region (4.1%), the African Region (3.0%), the Region of the 

Americas (2.9%) and the South East Asia Region (2.6%) (Table 1-1). The largest 

percentage of RR-/MDR-TB cases among previously treated patients is also 

observed in the WHO European Region, with 48% of all previously treated cases 

developing RR-/MDR-TB, 26% in the Western Pacific Region, 17% in the Eastern 

Mediterranean Region, 17% in the South East Asia Region, 15% in the African 

Region and 12% in the Region of the Americas (Table 1-1). 

Table 1-1. Estimated incidence of RR-MDR-TB in WHO regions and globally, 2015 

Region 

% of new cases 

with RR-

/MDR-TB 

% of prev. 

treated with 

RR-/MDR-TB 

Incidence of RR-/MDR-TB 

Best estimate 

(95% CI) a 

Best estimate 

(95% CI) 

Number, in 

1000s (95% CI) 

Rate, 1000s 

(95% CI) b 

% of MDR-TB 

among RR-

/MDR-TB cases 

Africa 3.0 (1.2–4.9) 15 (7.5–22) 110 (88–120) 11 (8.9–13) 67 

E Mediterranean 4.1 (3.0–5.1) 17 (12–23) 39 (30–50) 6.0 (4.6–7.7) 74 

Europe 16 (11–20) 48 (42–53) 120 (110–140) 14 (12–15) 91 

SE Asia 2.6 (2.3–3.0) 17 (15–19) 200 (150–250) 10 (7.9–13) 90 

Americas 2.9 (1.6–4.2) 12 (7.3–17) 11 (10–12) 1.1 (1.0–1.2) 88 

W Pacific 5.1 (3.0–7.2) 26 (23–30) 100 (88–120) 5.5 (4.8–6.4) 82 

Global 3.9 (2.7–5.1) 21 (15–28) 580 (520–640) 7.9 (7.2–8.7) 83 

High RR-/MDR-

TB burden  
4.3 (2.7–5.8) 22 (14–31) 520 (470–580) 12 (10–13) 84 

Note. Adapted from the Global Tuberculosis Report, 2016. aBest estimates are for the latest available year. 
bRates are per 100 000 population. Abbreviations: E Mediterranean, Eastern Mediterranean Region; SE Asia, 

South East Asia Region; W Pacific, Western Pacific Region; RR-/MDR-TB, rifampicin or multidrug-resistant 

tuberculosis; CI, confidence interval. 

 

Overall, global TB trends seem to indicate that mortality (excluding deaths among 

HIV-associated TB) is decreasing (3). However, drug-resistant TB is associated 

with increased risk of death during treatment compared with drug-susceptible TB 

cases. The number of deaths among drug-resistant TB cases seemed to be slightly 

                                                           
1 Classification of regions is based on the WHO grouping of WHO Member States into six regions: African 

Region, Regional of the Americas, European Region, Eastern Mediterranean Region, South-East Asia Region 

and Western Pacific Region. 
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higher in 2015 when compared with data from earlier years (3). However, as 

indicated in the Global TB Report, 2016, this increase could be attributed to the 

inclusion of all cases with RR-TB as opposed to MDR-TB cases only. 

Nevertheless, current estimates indicate that almost half the patients diagnosed with 

RR-/MDR-TB, die from the disease (43%; 250 000 out of 580 000). A 

retrospective cohort study that included data from 1232 patients from Peru 

determined that factors such as lower education, number of previous TB treatments, 

diabetes and HIV infection were independently associated with mortality in MDR-

TB cases (46). Another study assessing treatment outcomes of MDR-TB patients in 

the United Kingdom concluded that mortality was strongly associated with having 

certain comorbidities; in particular, HIV (p<0.0005), diabetes (p=0.002) or chronic 

renal disease (p=0.002) (47). A retrospective case–control study conducted in 

Estonia to determine predictors of poor
2
 treatment outcomes found that MDR-TB 

patients coinfected with HIV had a 10-fold increased risk of having poor treatment 

outcomes, including mortality (48). Poor outcomes were also associated with 

resistance to fluoroquinolones (ofloxacin) (48). In high HIV-prevalence settings, 

mortality in MDR-/XDR-TB has been associated with a greater degree of 

immunosuppression and drug-resistance pattern (49-51). Other treatment outcomes 

(e.g. treatment success) vary significantly from region to region (Table 1-2).  

Table 1-2. Treatment success rate and cohort size by WHO region 

Patient 

category 

Africa Americas 
Eastern 

Mediterranean 
Europe 

South East 

Asia 

Western 

Pacific 

Success, % 
(Cohort size) 

Success, % 
(Cohort size) 

Success, % 
(Cohort size) 

Success, % 
(Cohort size) 

Success, % 
(Cohort size) 

Success, % 
(Cohort size) 

New and 

relapsea cases 

registered in 

2014 

81% 

(1 274 882) 

76% 

(195 507) 

91% 

(438 187) 

76% 

(210 244) 

79% 

(2 469 890) 

92% 

(1 277 110) 

Previously 

treated cases, 

excluding 

relapse, 

registered in 

2014 

72% 

(40 347) 

48% 

(14 487) 

79% 

(10 995) 

63% 

(22 085) 

68% 

(95 599) 

80% 

(19 062) 

HIV-positive 

TB cases, all 

types, 

registered in 

2014 

77% 

(328 245) 

56% 

(16 754) 

53% 

(404) 

41% 

(7 716) 

74% 

(65 183) 

72% 

(5 700) 

RR-/MDR-

TB cases 

started on 

54% 

(14 553) 

55% 

(2 920) 

68% 

(1 950) 

52% 

(42 463) 

49% 

(18 538) 

57% 

(6 512) 

                                                           
2 Inthisstudy‘‘death’’,‘‘default’’and‘‘failure’’werecombinedaspooroutcome. 
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second-line 

treatment in 

2013 

XDR-TB 

cases started 

on second-

line 

treatment in 

2013 

24% 

(630) 

52% 

(90) 

30% 

(67) 

27% 

(2 756) 

37% 

(261) 

37% 

(282) 

Note. Adapted from the Global Tuberculosis Report, 2016. aSome countries reported on new cases only. 
Abbreviations: RR-/MDR-TB, rifampicin or multidrug-resistant tuberculosis; XDR-TB, extremely drug-

resistant tuberculosis. 

Although studies from low- and middle-income settings demonstrate that patients 

with drug-resistant TB can achieve treatment success rates of 60–80% (52, 53), the 

actual rate will depend on the level of coverage, effectivity and efficiency of TB 

control programmes (50). WHO data estimates for each region indicate that 

treatment success ranges from 49% to 69% for RR-/MDR-TB cases. However, the 

rate of patients who completed treatment or were discharged as “cured” drops

significantly for XDR-TB cases. Only 24% of patients in the WHO African Region 

were reported as treatment success in 2015, followed by 27% of patients in the 

European Region, 30% in the Eastern Mediterranean Region, 37% in the South 

East Asia Region and the Western Pacific Region, and 52% in the Region of the 

Americas (Table 1-2). 

The burden of disease and treatment outcomes for MDR-/XDR-TB patients is 

influenced by socioeconomic and health inequalities between and within countries, 

as well as [individual] biological factors, but appropriate anti-TB treatment also 

plays a significant role by interrupting transmission of M. tuberculosis. Moreover, 

treatment can lessen the devastating impact of TB (i.e. increased mortality, and 

increased vulnerabilities for patients and affected communities).  

1.2. Scope of work 

WHO estimates that, in 2015, 10 countries accounted for 77% of the total estimated 

gap between incidence and notifications, with three high MDR-TB burden 

countries (India, Indonesia and Nigeria) accounting for almost half of the total. 

Additionally, global data indicated that five countries (China, India, Indonesia, 

Nigeria and the Russian Federation) accounted for over 60% of the gap between 

enrolments on MDR-TB treatment and the estimated number of incident drug-

resistant cases in 2015 alone (3). 
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In 2015, an assessment of the adoption of latest TB policies, including the status of 

diagnosis and drug-resistance testing among 24 countries, indicated that there were 

critical gaps in the implementation of TB policies (54). For instance, from a 

diagnostics point of view, only one-third of the surveyed countries had revised their 

national policies to include rapid molecular tests (to replace microscopy) as the 

initial diagnostic test for all adults and children suspected of having pulmonary TB 

(54). These results are comparable of those presented in the Global TB Report, 

which indicated that although the proportion of cases accessing Xpert MTB/RIF is 

higher among at-risk groups within the 30 high MDR-TB burden countries (e.g. 

83% of HIV-associated TB cases and 97% of individuals at-risk of developing drug 

resistance), overall, only 33% of these countries had a national TB policy 

stipulating the use of Xpert MTB/RIF as the diagnostic entry point for all 

individuals presumed to have TB (3). The report provided information about 

whether global policies had been transferred to these countries; however, the 

adoption or diffusion of such policies (or its components) at the country level has 

not been fully documented in recent years. Therefore, understanding the status of 

policy diffusion can contribute to determining the following: progress made by 

high MDR-TB burden countries; which countries require further support to 

accelerate efforts in the management and care of MDR-TB cases; and the estimated 

time for policies to be diffused in specific settings. The latter could serve as a proxy 

to estimate how long new policies would take to be implemented in specific 

settings, which is of particular importance given the shifting nature of treatment 

policies for infectious diseases and, especially, recent advances in drug and 

regimen development. For instance, although long delayed, gradual improvements 

have been observed in the TB drug pipeline during the past 10 years (55-58). 

Accordingly, two novel compounds, bedaquiline and delamanid, were 

recommended for use in the treatment of MDR-TB by WHO in 2013 and 2014, 

respectively (59, 60); more recently, an updated set of guidelines for the treatment 

of drug-resistant TB, which include recommendations for the use of shorter 

standardised MDR-TB treatment regimens, has become effective (61). Recognising 

the status of complete adoption of policies for the programmatic management of 

drug-resistant TB can help to predict how the new policies on the shorter regimen 

and new drugs could be implemented in the future. 
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Thus, this research aims to answer three questions:  

1. How have policy components (i.e. DST and treatment) for the 

management of drug-resistant TB been diffused among high MDR-TB 

burden countries from 2010 to 2015? 

2. What impact have policies for the management of drug-resistant TB 

made in high TB burden countries from 2010 to 2015? 

3. Can the diffusion of specific policy components for the programmatic 

management of drug-resistant TB (i.e. DST and treatment) be a 

predictor of the adoption of the WHO-recommended shorter regimen 

and new drugs in high MDR-TB burden countries? 

1.2.1 Objectives 

Although the understanding of causes that impede the roll-out of policies for MDR-

TB treatment may be described elsewhere, the diffusion status of such policies at a 

global scale, among high MDR-TB burden countries has yet to be described. 

Moreover, this analysis of secondary data might provide insights and offer lessons 

to policy-makers and advocates on the adoption of new regimens and drugs, 

focusing on the following objectives: 

1. To determine the diffusion rate of DST and treatment in high MDR-TB 

burden countries. 

2. To identity the estimated time and determinants for policies to be 

diffused in such settings.  
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Chapter 2: Policy diffusion in 

tuberculosis 

The changing global context of public health policy is due not only to transitions in 

the health of populations, but also to the response of the public health sector to the 

major causes of morbidity and mortality, and to globalization. Although change can 

be voluntary or enforced, change in public health tends to be planned, and to be 

highly dependent on the perceptions of [potential] adopters who would judge the 

suggested change or innovation based on its purpose, attainability and 

acceptability. Change requires a process of initiation, development and roll-out. To 

better understand this, the diffusion of innovations theory offers a conceptual 

framework that could be used to describe the dynamics involved in this process (1).   

The origins of diffusion of innovations can be traced back to the beginning of the 

20
th

 century. The first reference is attributed to Gabriel Tarde, who in 1903 

published The Laws of Imitation, and explained why few innovations and ideas 

were ever adopted by society (2). In subsequent decades, Rogers, one of the 

pioneersofdiffusionresearchstatedthat“one reason why there is so much interest 

in the diffusion of innovations is because getting a new idea adopted, even when it 

has obvious advantages, is often very difficult” (1). The diffusion of innovations 

suggest that the process for adopting  an innovation may be influenced by the 

following factors: the adopter’sperceptionof the attributes of an innovation, such 

as its relative advantage; its compatibility with existing structures; the complexity 

or degree of difficulty involved in adopting the innovation; trialability or the degree 

to which an innovation may be tested on a partial basis (e.g. through pilot studies); 

and the visibility of the outcomes of adoption of the innovation.  

There is some terminological and conceptual diversity among policy diffusion 

researchers, which needs to be considered before proceeding with defining 

diffusion mechanisms and models. There is lack of uniformity, and concepts such 

as “policy diffusion”, “policy transfer” and “policy implementation” are used

interchangeably when referring to the policy diffusion process. In the policy-

making process, policies go through several stages – formulation, adoption, 

implementation, evaluation and termination – from inception to conclusion. 
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However, in policy diffusion, diffusion itself can be understood as the adoption of 

innovation, policies and practices, with a connotation of use and spread of 

practices. Theterm“transfer”, which is frequently used to refer to the adoption of 

policies, in fact examines the process-tracing instead of a pattern-finding as 

diffusion does. Transfer and diffusion are somewhat complementary processes. 

Also, the terms adoption and  implementation can sometimes be used 

interchangeably, but they differ in the sense that approvals are not necessarily 

required for implementation to occur, but are required for adoption to occur. To 

illustrate this better, let us take an example: a healthcare practitioner implementing 

a new treatment that is not described within national guidelines. In this context, the 

use of implementation is applicable. However, although the practitioner is 

implementing the new treatment, for policy diffusion purposes, there is as yet no 

adoption. 

Diffusion of innovations theory has been described as an influential framework for 

understanding how new ideas, products or services spread from sources to adopters 

within a social system. Those studying the diffusion of innovation have recognised 

that any population or social network can be broken down into five groups on the 

basis of innovativeness or tendency to adopt: innovators, early adopters, early 

majorities, late majorities and laggards (Figure 2-1). The speed and level of 

adoption are strongly affected by who adopts the innovation in question and how 

fast they do so. Various concepts have been developed to understand the process of 

adoption and the motivations behind the diffusion. 

Figure 2-1. The diffusion of innovations 
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Propensity to adopt is higher among innovators and early adopters. Although a 

small number, innovators are considered to be drivers of change. Early adopters 

leap in as a result of the experiences reported by innovators; the importance of this 

phaseisthatitisconsideredthe“heart”ofthediffusionprocess;if an innovation is 

not adopted at this stage, this may fail and not become a standard practice (3). The 

diffusion process in early and the late majorities occurs through communication 

channels as well as reported experiences; however, the late majority is believed to 

await until innovations have become a standard practice for them adopt. Finally, 

laggards are the very last group to adopt an innovation, through coercion 

mechanisms.  

The theory of the diffusion of innovations has served as the foundation for various 

mechanisms and models aimed at investigating the adoption of an innovation or 

intervention at local and national levels, and how this adoption is, in turn, diffused 

from districts to states and regions (4, 5). 

2.1. Policy diffusion mechanisms  

The diffusion of policies or interventions may be mediated either by internal 

conditions or by building on what has occurred in different types of units
3
 or states. 

Several concepts have been developed to explain how and under which 

mechanisms policy innovation and diffusion occurs (4, 6, 7). Researchers have 

suggested that policy diffusion incorporates at least one of the following: states 

learn from each other; states emulate the policies adopted by other states; states 

compete (economically) with each other; and other pressures can force or coerce 

policy-makers into adopting certain policies (5). Although some researchers do not 

recognise coercion as a mechanism for policy diffusion (5), from a pragmatic 

perspective, national and subnational entities can be coerced by specific mandates 

or by funding agencies through specific grant conditions.   

The first mechanism, learning, is a process in which units or states observe and 

learn from policies that have been adopted in other settings or other governments, 

as well as their impact. As noted by Chipan and Volden “learning involves 

                                                           
3 This definition is applicable to any country, area or region as well as any administrative division or 

subnational entity. 
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determination of whether a policy adopted elsewhere has been successful” (5). The 

learning hypothesis in the diffusion process suggests that the likelihood of adopting 

a policy increases when that same policy is adopted broadly by other units, which 

experience success (8-10). In the second mechanism, emulation, units or states do 

not focus on how a policy was adopted, its effectiveness or its consequences; 

rather, they focus on how a unit or state can appear to be the same as its 

counterparts. In this mechanism, policies will have high acceptance regardless of 

whether they work or not (5). The emulation hypothesis indicates that the 

likelihood of a unit or state adopting a policy increases when its nearest large 

neighbour adopts the same policy (5). The third mechanism, economic competition, 

has been linked to learning (5). This mechanism leads units or states to evaluate the 

adoption – or rejection – of a policy based not only on the economic effects of 

adopting it, but also on the competitive dynamics with its counterparts, with whom 

these units or states may share economic and trade relationships (5, 11). The 

economic competition hypothesis indicates that the likelihood of a unit or state 

adopting a policy decreases (or increases) depending on the negative (or positive) 

economic spillovers from that adoption in their counterparts (5).  Finally, the 

coercion mechanism implies that units or states can adopt a particular policy 

following pressure (e.g. from other outranking units, international organizations or 

donors) to take specific actions in order to achieve expected results (5).   

The adoption of policies is not necessarily a unidimensional process, and various 

mechanisms can be involved in the diffusion process.  

2.2. Policy diffusion models 

The decision to adopt a policy will depend not only on the mechanisms mentioned 

earlier, but also on internal characteristics of the unit or state. Few studies have 

addressed how socioeconomic and political factors influence how a policy diffuses. 

However, the economic status of a unit or state, as well as political and social 

constraints, have been described as determinants of the motivation that a state has 

to innovate by adopting a new policy or strategy, and particularly on how rapidly 

such innovation can be adopted.  
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Three policy diffusion models have been developed based on the diffusion 

mechanisms: a regional diffusion model, a national interaction model and a vertical 

influence model. These models are discussed below. 

2.2.1. Regional diffusion model 

The regional diffusion model is based on the learning and emulation mechanisms, 

assuming that political and cultural similarities between units or states play a role in 

astate’sdecisionandmotivationtoadoptapolicy (12). Proponents of this model 

also suggest that the adoption is mainly mediated by geographic proximity, 

indicating that there is a greater probability that a unit or state will adopt policy 

innovation if a neighbouring state has already adopted it (13). However, the 

learning component also plays a significant role, with units or states abandoning 

policies deemed as “failures” and promoting those that, based on others’

experiment, are deemed a “success”. The role of ideological similarity also seems 

to be related to the adoption of innovations (14). Butler et al present a hypothesis 

that focuses on the role of ideological learning, andstatethat“policy-makers who 

are ideologically predisposed to adopting a policy will be more interested in 

learning about others’ experiences than are those who are ideologically 

predisposed against the policy”(15). 

2.2.2. National interaction model 

The national interaction model, developed and tested in 1973, suggests that the 

diffusion process results from continuous interactions within a national 

communication network (16, 17). Consequently, the probability of a unit or 

subnational entity adopting other units’ innovations could be related to the number 

of such interactions. Though interaction may play an important role, Dunsenbury 

and Hansen argue that, by the time an innovation or strategy is adopted by various 

units, it is often not thought as an innovation, but rather as standard practice (3). 

One of the limitations of the adoption of innovations through the national 

interaction model is that subnational entities may not adopt the innovation until it 

has become standard practice throughout the unit or state. 
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2.2.3. Vertical influence model 

The vertical influence model posits that the diffusion of innovations occurs through 

government mandates. Therefore, the national government has as a central role in 

the adoption of such innovations or strategies (18). Government mandates are 

typically attached to either increased funding resources, performance or 

expectations to conform to standards; thus, in some settings, the adoption process 

could be influenced by the level of enforcement in a unit or state. Furthermore, 

diffusion researchers have stated that the adoption of policies is even more likely 

when it is attached to federal funding and incentives (4). In addition, in a more 

general sense, the adoption process is influenced by the national government’s

expectation for states to conform to standards (18). Ultimately, the interaction 

between these models and how policies would be adopted or not depend to a great 

extent on the socio-political structure or organization within the country. However, 

although the adoption process may be taking place through these models, the level 

or rate of adoption as well as the speed implementation will be contingent on 

various factors (Figure 2-2). 

Figure 2-2. Policy diffusion models and determinants of policy adoption  

 
 
 

These policy diffusion models are not necessarily self-contained. It is likely that, in 

the context of global public health, these models can interact in a synergistic 

manner, and as a result, influence the level and speed of policy diffusion. 
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2.3. Global policies for tuberculosis 

As with many other diseases and conditions, the history of TB policies has changed 

to adapt to the milestones in the evolution of diagnostics and therapeutics. To give 

a better overview of how policies have evolved, one must consider the social and 

epidemiological context in which decisions and recommendations for TB control 

were made. 

Although the starting point of global TB policies can be contested, one of the 

earliest strategies that was known at a global scale began with the transition of 

sanatorium-based treatment to supervised drug therapy (19). Combination therapy 

and treatment observation became the first components of policies and strategies 

for global TB control (19). After overcoming several failures during the 

optimisation of TB treatment, the global burden of TB seemed to have started to 

decline, mostly in industrialised countries by means of the use of vertical 

programmes, focused on specialised case management (20). As the experience from 

industrialised settings could not be replicated in resource-constrained areas, 

integration of health services into general outpatient services presented an 

opportunity for poor settings to identify [and treat] TB cases (20). The first policies 

for global TB control were outlined through a series of discussions and 

recommendations made by an Expert Committee on Tuberculosis, hosted by WHO 

in 1964 (21). These policies were reiterated in 1974 during the ninth meeting of the 

Expert Committee (22), and became the foundation of the policy guidelines for TB 

control during the following two decades. 

By the mid-1980s, however, the number of TB cases began to increase in the 

United States and various African countries, rising to epidemic levels early in 

1990s. Concerns expressed during the 44
th

 World Health Assembly in 1991 

resulted in the adoption of a new WHO strategy for TB control and elimination, 

DOTS (Resolution WHA44.8) (23). The 1991 World Health Assembly resolution 

also urged Member States to give high priority to intensifying TB control as an 

integral part of primary healthcare and to introducing short-course chemotherapy 

(23). In 1993, in view of the growing burden of disease, WHO declared TB a global 

emergency, and in the following year it formally launched the first global 
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Framework for effective TB control, which contained the DOTS strategy  (Box 2-1) 

(24).  

Box 2-1.  DOTS: WHO TB control policy package  

The success of the WHO TB control strategy depends on the implementation of a TB control policy 

package1 which includes the following five elements: 

 

1. Government commitment to a TB programme aiming at nationwide coverage, as a permanent 

health system activity, integrated into the existing health structure with technical leadership from a 

central unit. Effective leadership requires a permanent team qualified in the management of TB 

control.Theteam’staskis to initiate, coordinate, supervise and evaluate the key activities of the 

National TB Programme (NTP) at all levels through the primary health care system wherever it 

exists. In addition, the team should link up with TB experts to regularly update the knowledge on 

all relevant aspects of TB. 

2. Case detection through predominantly passive case finding2, i.e. detection of TB cases among 

persons presenting themselves to a health worker with symptoms indicative of TB. Such patient s 

should then be referred to health services for confirmation of diagnosis, primarily by microscopy 

examination3. 

3. Administration of standardised short-course chemotherapy to – at least –  all confirmed sputum 

smear positive cases of TB under proper case management conditions. Proper case management 

ensures patient compliance by supervised administration of the recommended short-course 

chemotherapy with at least three drugs in the initial phase (two to three months), in order to avoid 

the emergence of resistant strains and, further, to make sure that the patient undergoes a full 

course of treatment (6 – 8 months) to avoid relapse.4  

4. Establishment of a system of regular drug supply of all essential anti-TB drugs (isoniazid, 

rifampicin, pyrazinamide, streptomycin, ethambutol and, in some areas, thiacetazone). Advance 

planning for drug procurement and timely delivery should be based on the number of cases 

registered during the last complete six-month period and stock levels. 

5. Establishment and maintenance of a monitoring system to be used both for programme supervision 

and evaluation. This system is based on recording individual patient information in registers at 

district/county level and on regularly reporting, preferably on a quarterly basis, from the same 

level.5 

1 This policy package remains unaltered even in the presence of HIV infection; 2 Given the limitation of existing 

diagnostic tools and incomplete knowledge on high TB risk groups, in most countries active case finding is not cost-

effective; 3 Cultures can be used as an additional diagnostic tool; 4 The recommended treatment regimens are 

presented in Treatment of Tuberculosis, WHO 1993; 5 Definition of case categories, classification of disease and 

treatment outcome are presented in the annexes. 

Note. Adapted from the WHO, Framework for effective tuberculosis control, 1994 (24). 

 

The DOTS strategy aimed to achieve 70% case detection and an 85% cure rate 

among TB patients. Although the strategy was presented within a framework 

comprising five components, the key element of the strategy was the use of a 

standardised treatment regimen for 6 months. For the strategy to function within 

countries, an essential step for the scale-up and sustainability of this approach was 

political commitment to a nationwide TB control programme. However, limited 

allocation of resources or lack of resources hindered the rapid and effective 

adoption of DOTS. Supporters and opponents of this strategy continue to provide 

their views on the progress (or lack thereof) of this strategy. Nevertheless, it is 

evident that, across settings (especially in high-burden and resource-constrained 
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countries), the needs of communities exceeded the capacity of governments to 

respond and adopt the strategy while also addressing challenges such as HIV and 

other comorbidities, and the emergence of drug-resistant strains. It is estimated that 

2 years after DOTS waslaunched,23%oftheworld’spopulation lived in regions 

where the strategy was available, and that by 1998 this estimate had doubled (25). 

By the end of the decade, 68% of all Member States (127 out of 188 Member States 

in 1999) were implementing DOTS (26). However, although some countries had 

started to adopt DOTS, in other settings, a lack of adequate resources for TB 

control and deficient case management were leading to an increasing number of 

drug-resistant TB cases. Despite the number of cases [with drug-resistant strains] 

being deemed a minority at the time, the concern for patients’ unresponsiveness to 

the standardised, short-course treatment led WHO to prepare a set of 

recommendations for treatment of such cases. The result was publication of the first 

Guidelines for the management of drug-resistant TB in 1997 (Box 2-2) (27). 

Although this policy guidance provided a set of principles for the management of 

MDR-TB, much of the emphasis was on the need for countries to prevent the 

development of drug resistance. The policy recognised that MDR-TB was a 

consequence of inappropriate use of essential TB drugs by means of human errors 

in prescription of chemotherapy, management of drug supply, case management 

and process of drug delivery to the patient. Thus, overall, this policy guideline 

focused on the fundamentals for the management of drug-resistant TB cases. In 

1999, WHO created the Working Group on Directly Observed Treatment, short-

course (DOTS)-Plus for MDR-TB. In the following year the group developed the 

second set of policy guidelines for drug-resistant TB (28). In contrast to the first 

policy, these 2000 guidelines were developed to create country projects that, in 

turn, would generate evidence to inform future policy recommendations for the 

management of MDR-TB cases (28). Although these guidelines set the minimum 

standards that the pilot projects should ensure, the recommendations outlined 

within them could be considered ambiguous or not applicable for some settings. 

For example, the guidelines recognised that the management of MDR-TB in 

resource-rich countries relied on individualised regimens based on identified 

resistance profiles, but various approaches, some of which were complex, were 

described for resource-constrained areas. In 2006, a more comprehensive set of 

policy recommendations was issued, and the concept of “programmatic 
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management of drug-resistant TB” emerged (29). This policy provided clearer 

statements on the use of DST for first-line drugs among targeted at-risk groups, but 

stated that the clinical relevance of DST for second-line drugs was not well-known. 

Equally important in this policy guideline was the description of more 

comprehensive principles of designing a regimen for MDR-TB patients. A further 

policy was issued in 2008 as an emergency update due to the growing number of 

XDR-TB cases. In particular, it was a response to reports from one cohort from 

KwaZulu-Natal, South Africa, in which 98% of XDR-TB patients coinfected with 

HIV died within a median time of 16 days after specimen collection (30). The 

emergency update not only expanded on the utility of DST for at-risk groups, but 

also emphasised the need for routine DST at the start of treatment for all TB 

patients. In addition, the guidelines provided specific recommendations for the 

management of drug-resistant TB cases coinfected with HIV. One important event 

took place between the issuance of the 2008 and the subsequent 2011 policy 

guidelines. Outcomes
4
 of the Ministerial Meeting of high MDR-TB burden 

countries held in Beijing in April 2009 were brought forward during the 62
nd

 World 

Health Assembly. The Assembly endorsed a resolution that emphasised strict 

quality standards for the provision of anti-TB drugs and limited their misuse; it also 

urged Member States to ensure universal access to MDR-/XDR-TB diagnosis and 

quality treatment (31). Therefore, the 2011 policy guidance emphasised that 

“performing DST in all patients before treatment using rapid test that detects 

resistance to isoniazid and rifampicin was the best strategy for averting deaths and 

preventing acquired MDR-TB” (32). Another important point is that this policy 

used the Grading of Recommendations Assessment, Development and Evaluation 

(GRADE) approach to evaluate the evidence and formulate policy 

recommendations based on the quality of such evidence (33, 34). 

Box 2-2. Guidelines for the management of drug-resistant TB 

Release Policy 

1997 Guidelines for the management of drug-resistant TB [Link] 

2000 

Guidelines for establishing DOTS-PLUS pilot projects for the management of 

multidrug-resistant tuberculosis (MDR-TB) Scientific Panel of the Working Group 

on DOTS-Plus for MDR-TB [Link] 

                                                           
4 Beijing“Call for Action”onTuberculosisControlandPatientCare. 

http://apps.who.int/iris/bitstream/10665/63465/1/WHO_TB_96.210_(Rev.1).pdf
http://apps.who.int/iris/bitstream/10665/66368/1/WHO_CDS_TB_2000.279_eng.pdf
http://www.who.int/tb_beijingmeeting/media/en_call_for_action.pdf


 

 
 

  38 

2006 Guidelines for the programmatic management of drug-resistant tuberculosis [Link] 

2008 
Guidelines for the programmatic management of drug-resistant tuberculosis: 

Emergency update [Link] 

2011 
Guidelines for the programmatic management of drug-resistant tuberculosis: 2011 

update [Link] 

2013 
The use of bedaquiline in the treatment of multidrug-resistant tuberculosis: Interim 

policy guidance [Link] 

2014 
The use of delamanid in the treatment of multidrug-resistant tuberculosis: Interim 

policy guidance [Link] 

2016 WHO Treatment guidelines for drug-resistant tuberculosis – 2016 update [Link] 

2016 
The use of delamanid in the treatment of multidrug-resistant tuberculosis in children 

and adolescents: Interim policy guidance [Link] 

 

As discussed earlier, in recent years, advances in the TB drug pipeline have led to 

the discovery of two novel compounds, bedaquiline and delamanid. Policies on the 

use of these drugs for the management of MDR-TB were released in 2013 and 

2014, respectively. Additionally, a revised policy guidance for the programmatic 

management of drug-resistant TB cases was issued in 2016. 

Policy guidelines for the management of drug-resistant TB cases have been 

dynamic and rapidly evolving due to the increased burden of disease and the need 

to curb global trends, as well as the availability of new tools such as diagnostics 

and therapeutics. All guidelines have been developed based on the [global] TB 

strategies and frameworks prevailing at the time of their development. Thus, these 

policies have consisted of various components and have incorporated core 

principles for the comprehensive management of MDR-TB cases. In an ideal 

scenario, the progress and status of each policy component could be evaluated to 

obtain precise information on the performance of a policy as well as the vertical 

structures driving (or obstructing) the adoption of the policy. The primary aim of 

policies for the management and care of MDR-TB patients is to rapidly identify 

and treat cases in order to interrupt transmission of drug-resistant strains and, in 

turn, reduce incidence. Thus, the evaluation of the adoption of specific components 

through the assessment of number of MDR-TB cases identified and treated could 

provide useful insights on the overall performance of a country. 

http://www.who.int/tb/publications/2006/pmdt_guidelines_2006.pdf?ua=1
http://www.who.int/tb/publications/tb-drugresistance-guideline/en/
http://apps.who.int/iris/bitstream/10665/44597/1/9789241501583_eng.pdf?ua=1&ua=1
http://apps.who.int/iris/bitstream/10665/84879/1/9789241505482_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/137334/1/WHO_HTM_TB_2014.23_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/250125/1/9789241549639-eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/250614/1/9789241549899-eng.pdf?ua=1
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2.3.1. Policy component for detecting MDR-TB cases 

Typically, TB, with its wide range of clinical presentations, morphological features 

of its cell wall and slow growth, is diagnostically challenging; even more 

challenging is the identification of M. tuberculosis resistant strains. The diagnosis 

of drug-resistant forms of TB requires patients to be tested for susceptibility to anti-

TB drugs, either by conventional (phenotypic) DST or rapid molecular (genotypic) 

tests. Although specific policies for TB diagnostics have been developed separately 

from policies for the overall management of drug-resistant TB, the latter do stress 

the use of DST as the first step to ensure adequate management and care of all TB 

patients. The latest policy guidelines recommend the use of rapid DST (of at least 

rifampicin) over phenotypic testing or no testing at the time of TB diagnosis in all 

adults and children (35). However, although 93% of high TB and high MDR-TB 

burden countries have data on levels of drug resistance (36), DST is yet not 

accessible to all TB patients, mostly owing to the lack of laboratory capacity and 

limited resources for nationwide coverage.  

2.3.2. Policy component for treatment of MDR-TB cases 

The use of multidrug therapy is aimed at achieving cure without relapse, and 

preventing the emergence and transmission of drug resistance. Global TB policies 

have recommended that national programmes adhere to a general standard of TB 

care that promotes an early start of appropriate therapy when drug resistance is 

diagnosed or strongly suspected. These two policy components go hand-in-hand, 

and are therefore essential for the management of MDT-TB cases. 

2.4. Diffusion of global policies for drug-resistance 

management and care 

Although, there is a great need for governments to scale-up the adoption of global 

policies for MDR-TB management as fast as possible, progress has been slow, and 

countries continue to face constraints to adapting and adopting such policies. An 

analysis of surveillance data conducted in 2013 revealed that, one year after the 

World Health Assembly urged countries to ensure universal access to care for 

MDR-TB, only 23% (out of 30 countries) had detected 50% of their estimated 
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MDR-TB cases, and only 18% had enrolled patients in second-line treatment 

(Figure 2-3) (37). This analysis revealed that underdetection of MDR-TB cases 

could be attributed to a combination of factors, including lack of knowledge and 

awareness in healthcare providers about the need to test for drug resistance, and 

low capacity to expand or scale-up laboratory services for DST (37). The 

experience on the scale-up of laboratory services for drug-resistant TB in Peru also 

demonstrated that expanding laboratory infrastructure could be far beyond existing 

capacities of a country to implement even though, in this case, laboratory 

improvement efforts continued for almost a decade (38). Another example on low 

adoption of policies is found in experiences reported from Viet Nam. A study to 

assess the performance of programmes for the management of MDR-TB and to 

determine the challenges to the successful adoption of DST and treatment in Viet 

Nam concluded that, among the total estimated number of MDR-TB cases in the 

country, only 19% of MDR-TB patients enrolled for second-line treatment (39). 

The low enrolment of patients was attributed to underscreening of MDR-TB 

presumptive cases, and the researcher concluded that deficient communication, lack 

of involvement of general district hospitals, and limited resources were factors in 

the lack of or deficient adoption of these policy components.  

Figure  2-3. Ratios of enrolment on second-line treatment in 30 countries in 2011 
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Note.—Adapted from Falzon, Dennis, et al.(37)   

A survey of diagnostic and treatment practices carried out in 2015 in 24 countries 

(including 18 high MDR-TB burden countries) noted that all countries reported 

having national guidelines that recommended the use of DST, yet implementation 

and access to testing varied among countries and DST services were not uniformly 

available within countries (40). The Global TB Report indicated that, in 2015, the 

global DST coverage was 24% among new TB patients and 53% for previously 

treated TB patients (36). However, the diffusion rate, which considers the number 

of patients reached (i.e. detected by DST and treated) over the estimated or 

projected number of MDR-TB cases in a country is expected to be much lower than 

coverage indicators, which are based on the total number of incident TB cases 

identified. 

Although studies have continued to examine the performance of NTPs or the 

evaluation of treatment outcomes in specific settings, literature on policy diffusion 

in TB is scarce. Assessing activities, evaluating processes and results is of 

paramount importance; however, understanding the progress made in the adoption 
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polices as well as their drivers and deterrents must be incorporated into the 

comprehensiveprocessesofhealthsystem’sevaluation. 
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Chapter 3: Research methodology 

The current study examines the adoption of two specific components of policies for 

the management of drug-resistant TB among high MDR-TB burden countries, to 

provide some insights into the impact of the diffusion of MDR-TB policies on 

treatment outcomes. These insights are gained by examining the rate of policy 

diffusion and assessing the impact of several independent variables on this 

diffusion. The results of this study will not provide a causative explanation for the 

diffusion of specific policy components, but rather will provide a better 

understanding of the current status of policy diffusion in high MDR-TB burden 

countries and explore some of the determinants that might be fostering the diffusion 

process.  

3.1. Conceptual delimitation 

The following concepts are used in this research: 

High MDR-TB burden countries: The concept of “high-burden” 

was introduced in 1998 and it initially referred to a number of 

countries that accounted for 80% of the global TB burden (1). The 

notion of high MDR-TB burden countries offered an insightful way 

to identify countries where improvements in diagnostic capacity 

and case management should be prioritised; it was defined in 2008, 

denoting countries that collectively comprised 85% of the estimated 

number of MDR-TB cases and that either accounted for more than 

4000 estimated cases each year, or countries in which more than 

10% of new TB cases were diagnosed with MDR-TB. The list, 

revisited in 2015, contains a total of 30 countries with the highest 

estimated numbers of incident MDR-TB cases (Error! Reference 

ource not found.). 

Policy adoption: Throughout this research, the terms “diffusion” 

and “adoption” are used interchangeably to refer to the spread of 

policies or approaches (i.e. DST and treatment), with emphasis on 

reaching a target population or a subset of it. In the current case, a 
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country reaching a diffusion threshold of 0.50 for either DST or 

MDR-TB treatment is considered to have adopted or diffused a 

policy.  

3.2. Data sources  

Development of this research required the use of different data sources and 

datasets, as well as a multi-methodological approach. This secondary data analysis 

involved the use of routine TB programme data, collected by WHO for the 

purposes of global TB surveillance. Available through the public domain, WHO's 

global TB database contains only aggregated data (no individual patient) from 219
5
 

countries and territories. Two types of data are provided through nine datasets: TB 

burden estimates produced by WHO using information gathered through 

surveillance systems (2); and country data submitted on a yearly basis since 1980 

(i.e. case notifications, laboratory diagnostic services, non-routine surveillance of 

HIV-prevalence in TB patients; treatment outcomes, community engagement 

activities for TB, and TB policies and services in 2015). Literature on determinants 

of policy diffusion in the TB field is scarce; therefore, in order to overcome 

information gaps, additional data were gathered from other sources. In particular, as 

this study attempted to explore factors associated with policy adoption, especially 

the effect of economic factors on the adoption of such policies, further data on 

global development indicators were extracted from the World Bank Data Bank. 

The approach used for extracting existing data was research question driven as 

opposed to data driven. The research question approach made it possible to search 

suitable datasets to address the question, instead of deciding which kind of 

questions could be answered by the available data on the global TB database. 

The use of secondary data, that is, data that have been gathered for another purpose, 

is common in public health. The first advantage of using secondary data is its 

accessibility and the simplification of the data collection process. In this case, all 

programmatic data from 30 high MDR-TB burden countries had been digitized. 

The second advantage is that because the global TB database contains data that 

                                                           
5 This number is not a constant throughout the datasets. Annual data provided to WHO varies depending on the 

submission of data by countries (i.e. Member States) as well as availability of data from new countries and 

territories. 
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have been collected on a yearly basis, it is feasible to evaluate, for example, trends 

and to make comparisons between countries. However, one of the major strengths 

of using programme data is that results can serve as a useful tool for dissemination 

of operational knowledge, adding to the transparency, reliability and credibility of 

the original findings. Routine TB programme data presents limitations; namely, 

consistency and completeness in reporting. Although standardised monitoring and 

periodical reporting has been used more consistently during the past decades 

through cohort monitoring, data have only been reported more fully in recent years. 

Also, although secondary data may provide a vast amount of information, data 

inappropriateness may be encountered due to deficiencies or low quality in the 

existing data. The important issue is that data have been collected during different 

time-points, and data gaps or inconsistencies may not be verified, which could lead 

to partial answering of the research questions and a subsequent lack of validity.  

 

3.3. Statistical methods  

This research uses multilevel modelling and event history analysis (Cox 

proportional hazards models) to assess policy diffusion of DST and provision of 

treatment for MDR-TB cases. The use of multilevel approaches made it possible to 

assess the effects of different independent variables on both the overall level of 

diffusion and changes of the responses over time. In longitudinal data, it is usually 

impossible to capture all between-unit variability using the observed covariates. If 

the remaining “unobserved heterogeneity” is ignored, it induces longitudinal

dependence among the responses for the same unit (after controlling for the 

included covariates). Therefore, a simple way of representing unobserved 

heterogeneity is to include unit-specific intercepts, which could be either fixed or 

random. However, sometimes, units vary not just in the overall level of the 

response (controlling for covariates), but also in the effects of time-varying 

covariates on the response; a typical example is where the effect of time – that is, 

the rate of change (diffusion over time) – varies between units (countries). A 

multilevel analysis summarizes those higher-level distributions with reference to 

two parts: a fixed part that is unchanging across contexts (intercept across 
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countries), and a random part that is allowed to vary. Therefore, information about 

variation between units or countries can be captured. 

Multilevel approaches present various advantages over the classical multivariate 

approach; for example, multilevel approaches: 

 make it possible to look at different levels simultaneously;  

 allow flexibility – for example, the relationship between diffusion rate in 

countries with similar socioeconomic characteristics and similar disease 

burden can be different – and therefore these models allow the exploration 

effect of context on specific outcomes; 

 follow a random-effects model, partly because the groups themselves are 

regarded as a random sample; 

 take into account different group sizes by averaging results from different 

levels of the multilevelmodel(“shrinkage”); 

 investigate variations and relationships for variables of interest; and 

 provide a flexible framework for testing sophisticated social (or other) 

theories, which consider change over time.  

 

Event history analysis is used to examine the diffusion of policies or its 

components among high MDR-TB burden countries by determining both the status 

of diffusion and factors that could be associated with the timing of the event of 

interest (in this case, policy adoption). An event history is a longitudinal record of 

the timing of the manifestation or occurrence of an event (3).  One feature 

distinguishing longitudinal records from other types of clustered data is the 

sequential or chronological ordering of the responses. Another feature is that 

longitudinal records often comprise a large number of small clusters. Considering 

the characteristics of these data, this study combined two types of analysis 

methods: multilevel to explore the effect of specific variables (or determinants) on 

the diffusion of policy components, and event history analysis to determine the 

proportional odds of reaching the policy diffusion threshold. 

There is a wide range of event history methods which, depending on the field in 

which they are applied, are also commonly known as survival analysis, duration 

models, event history models or hazard models (4). While event history analysis is 
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a branch of statistics, the current study examines hazard rates to determine the 

instantaneous probability that a unit or country would experience an event (in this 

case, adoption of a policy), given that the country has not adopted such a policy up 

until the given point or year (3). This allows us to examine the length of time 

between the beginning of the observation period and policy adoption. The hazard 

rate can be examined using non-parametric, semiparametric, or parametric analysis.  

These three types of analysis differ in how much they assume about the data prior 

to analysis. In a non-parametric approach, most notably the Kaplan-Meier models, 

no assumptions are made regarding the relationship between the event risk (policy 

adoption) and the independent variables; rather, the data is allowed to speak for 

itself. In contrast, in parametric models, a distribution is assumed for time-to-event, 

and these models assume that there is a linear relationship between the logarithm of 

time-to-event and the independent variables in the model. Although parametric 

models provide convenient ways to analyse lifetime data, if the required model 

assumptions are not correct, this can lead to erroneous analyses and the estimations 

will be biased. Finally, in a semiparametric approach, most notably Cox 

proportional hazard regression models, the impact of independent variables is 

assumed to take a particular form, while no assumptions are made about the hazard 

rate (5). 

Due to the difficulty of making assumptions about the hazard rate, for the purposes 

of this study, Cox proportional hazards models were estimated. The Cox’s

regression requires fewer assumptions than parametric models; rather, it models 

how the independent variables shift the hazard rate curve up or down, thereby 

increasing or decreasing the hazard rate. Therefore, it is the most practical 

statistical model to investigate the relationship between the predictor (treatment 

success) and the time-to-event through the hazard function. When examining the 

hazard rate, the relationship between the change in the hazard rate and the speed of 

diffusion is simply reversed. An examination of the hazard rate over time indicates 

how rapidly the given policy is diffusing. The Cox proportional hazards model 

further explores the relationship between independent variables and policy 

diffusion by determining the impact of each variable on the hazard rate over time. 

This impact is measured using the hazard ratio, which is the ratio of the hazard rate 

when the variable is at a higher-level to the baseline hazard rate  (6).  
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In general, when analysing event history data that falls into hierarchies, models 

should be used to account for the dependence of survival times of units nested 

within the same area. 

3.3.1. Variables  

The earlier mentioned models included a number of independent variables. 

Through these models, the direction andstatisticalsignificanceofeachvariable’s

impact can be determined.  

Dependent variables 

The dependent variable in this study is the hazard rate or, in this context, the 

probability that a country will adopt a policy in a given time period. In this case, as 

two policy components were being analysed, hazard rates for both (i.e. adoption of 

DST and treatment) were calculated based on diffusion rates for both components. 

The diffusion rates were calculated by dividing the number of cases with available 

DST results (identified as MDR-TB), and those treated for drug-resistant TB by the 

estimated number of drug-resistant cases among notified pulmonary TB cases (see 

below). 

 

DST diffusion rate: 

 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠 𝑤𝑖𝑡ℎ 𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑖𝑠𝑜𝑛𝑖𝑎𝑧𝑖𝑑 𝑎𝑛𝑑 𝑟𝑖𝑓𝑎𝑚𝑝𝑖𝑐𝑖𝑛

𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑟𝑢𝑔−𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑡 𝑐𝑎𝑠𝑒𝑠 𝑎𝑚𝑜𝑛𝑔 𝑛𝑜𝑡𝑖𝑓𝑖𝑒𝑑 𝑝𝑢𝑙𝑚𝑜𝑛𝑎𝑟𝑦 𝑇𝐵 𝑐𝑎𝑠𝑒𝑠
 

 

Treatment diffusion rate: 
 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑀𝐷𝑅−𝑇𝐵 𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠 𝑜𝑛 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡

𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑟𝑢𝑔−𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑡 𝑐𝑎𝑠𝑒𝑠 𝑎𝑚𝑜𝑛𝑔 𝑛𝑜𝑡𝑖𝑓𝑖𝑒𝑑 𝑝𝑢𝑙𝑚𝑜𝑛𝑎𝑟𝑦 𝑇𝐵 𝑐𝑎𝑠𝑒𝑠
 

 

 

For practical purposes, a policy has been adopted when a diffusion rate is at least 

0.50, which indicates that at least 50% of the estimated MDR-TB cases have been 

reached by the policy. It could then be understood that a policy or some of its 

components have been “diffused” in the country. Although diffusion rates are

expected to have values no greater than 1.00, in some instances in which countries 

are detecting and treating more patients than the estimated burden, the diffusion 

rate will go beyond this limit.  
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As this study also aims to determine the impact of policy adoption on treatment 

success, in the multilevel model predicting how the diffusion of these two policy 

components affects treatment outcomes, treatment success rate is used as a 

dependent variable. The treatment success rate has been calculated as per data 

provided in the WHO global database. 

Independent variables  

The policy diffusion literature indicates that internal socioeconomic characteristics, 

internal political system characteristics and the context of the policy significantly 

impact the process of policy diffusion (7). Additionally, as the burden of disease 

itself can also affect the decisions about policy adoption, burden of TB disease 

estimates have been included as independent variables. Accordingly, the following 

variables are included in the analysis: 

Country’s economic health and health expenditure: This is 

measured by the gross domestic product (GDP); more precisely, 

the annual percentage growth rate of GDP. In addition, GDP in 

constant 2010 prices is evaluated to determine how the true growth 

of a series impacts the diffusion of policies. As GDP is the primary 

indicator of a country’s economic health, the hypothesis is that 

healthier economies are more likely to create and adopt policies 

faster. Total health expenditure was also factored into the model, to 

determine how a country’s expenditure in the provision of health 

services can affect the adoption of specific policies.  

Healthcare inequities using the GINI index: The GINI index is a 

third measure that is often used to characterize national income 

disparities around the world. This measure has also been used to a 

limited extent in characterizing health-related burdens. The GINI 

index has been used to study several aspects of health inequities. As 

in the often-cited studies of income distributions, comparisons can 

be made between countries. For example, the Pan American Health 

Organization published a short survey applying the GINI index to 

infant mortality rates across a group of South American countries 

[Castillo-Salgado 2001]. Other investigators have found 
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correlations between various socioeconomic factors and self-rated 

health status. 

TB burden, drug-resistance and HIV-associated TB: These 

variables are used to explore the effect of the burden of disease on 

the diffusion of policies. 

 

3.3.2. Observation period 

The length of time between the beginning of the observation period and policy 

adoption is critical to understand whether – based on the need – a policy is being 

adopted slowly or not. Although policy adoption occurs in gradual stages, the 

diffusion or spread of policies occurs more rapidly in certain units or states than in 

others (7). In 1969, Walker examined the correlations between a high diffusion rate 

and various socioeconomic and political system characteristics, as policy adoption 

determinants. He reaffirmed that larger, wealthier and more industrialised states are 

more likely to adopt innovative measures than smaller states with limited resources 

(7). Some delays in the adoption of policies can be perceived as normal, especially 

when expected outcomes would only occur once resources have been secured, the 

healthcare infrastructure has been adapted to policy requirements (e.g. improved 

diagnostic capacity) and healthcare staff have been trained, etc. 

In an ideal scenario, the starting point for observing the diffusion of a policy should 

be once the policy is released or issued. However, although the first global policy 

for the management and care of drug-resistant TB cases was issued in 1997, 

selecting this as the starting timepoint would be inadequate given that the emphasis 

of the policy was focused on a set of basic principles instead of firm and evidence-

based policy recommendations. Policies for drug-resistant TB management have 

been dynamic, adapting to changing epidemiological contexts and the availability 

of new tools to improve diagnosis and treatment. Considering these dynamics and 

the introduction of the concept of universal access to care for MDR-TB, the 

observation period for this study was taken as the succeeding year following the 

WHA.62.15 resolution; that is, 2010.  
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3.4. Ethical considerations 

As data do not constitute“humansubjectsresearch” and no identifiable information 

is accessible other than country-aggregated data, this research project did not 

require ethical approval by any Institutional Review Board or Ethics Committee. 
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Chapter 4: Analysis results 

Figure 4-1 illustrates the diffusion rates for detection of MDR-TB cases and 

treatment of drug resistance. In 2010, six countries had already reached the 

threshold for diffusion of DST; that is, more than 50% of the estimated number of 

drug-resistant TB cases had been identified (Belarus, Kazakhstan, Kyrgyzstan, 

Republic of Moldova, South Africa and Ukraine). The following year, only one 

country, Peru (with a DST diffusion rate of 0.56%), was added to the list of 

countries which were reaching more than half of the estimated MDR-TB cases. 

Although Tajikistan reached almost 80% of its target, efforts were not sustainable 

and the rate of DST diffusion dropped to 14% the following year. Since 2013, 

Azerbaijan has been diagnosed as having about 60% of the estimated MDR-TB 

cases using DST. Overall, although Figure 4-2 illustrates a DST diffusion rate that 

seems to be increasing over time, the change in adoption seems not to be sufficient 

or consistent enough for all high MDR-TB burden countries to reach at least 50% 

of the estimated cases. Moreover, it appears that only a subset of countries, mostly 

those in the European Region as well as South Africa and Peru, have sustained their 

efforts to continue to reach more than half of the MDR-TB cases. 

In terms of treatment provision for all MDR-TB cases in need, in 2010, six 

countries (Kazakhstan, Kyrgyzstan, Peru, Republic of Moldova, South Africa and 

Ukraine) were treating between 50% and 93% of all estimated MDR-TB cases, 

with the highest rate of treatment diffusion being in Kazakhstan and the lowest in 

the Republic of Moldova. Throughout the years, the same countries that had a 

diffusion rate of at least 0.50 also reached more than half of the estimated number 

of MDR-TB cases that required treatment, with the addition of Russia, where 

diffusion rates for MDR-TB treatment reached the threshold in 2013 and have since 

remained stable (Figure 4-1). 

As reported in various sources, data on treatment outcomes vary from country to 

country. On average, the number of treatment successes among high MDR-TB 

burden countries seem to be gradually increasing, with 55% treatment success 

reported in 2010 and 62% in 2013; however, this increase may not be significant. 

During 2013, half of all high MDR-TB burden countries reported treatment success 
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rates between 45% and 60% (Azerbaijan, Belarus, China, India, Indonesia, 

Kyrgyzstan, Mozambique, Peru, Philippines, Republic of Moldova, Russia, South 

Africa, Tajikistan and Uzbekistan); nine additional countries reported success rates 

between 60 and 80% (Angola, Bangladesh, Democratic Republic of the Congo, 

Ethiopia, Kazakhstan, Nigeria, Pakistan, Somalia and Viet Nam); three countries 

reported rates over 80% (Democratic People’s Republic of Korea, Kenya, and

Myanmar); and only one country reported rates under 40% (Ukraine) during the 

same period. Data from Papua New Guinea and Thailand were not available. 

Between 21 and 24% of patients enrolled in the 2013 cohort in India, Mozambique, 

South Africa and Ukraine were reported to have died; 22% of patients in the 

Belarus cohort were reported to have failed treatment; and five countries had high 

rates of lost-to-follow-up patients (Indonesia, Peru, Philippines, Republic of 

Moldova and South Africa) ( 

Annex 2). 

 

4.1. Determinants of policy diffusion 

 

Multilevel models were used to determine the effect of various independent 

variables on the diffusion rate of DST and MDR-TB treatment. Variables assessed 

includedcountry’spopulation, TB burden (estimated number of incident cases, all 

TB forms; estimated incidence of TB cases who are HIV+; and estimated number 

of RR-TB cases among notified pulmonary TB cases) and specific socioeconomic 

factors (GDP growth, annual %; GDP, constant 2010 US$; GINI index; and health 

expenditure, total % of GDP). The models accounted for the effect of year, and the 

interaction between each variable and year, as well as the effect of region, and the 

interaction between year and region. Each model included fixed effects for the 

independent variable of interest, year, region, and the interactions between year and 

both region and the independent variable. They also included random effects for the 

intercept and year by country. Results are presented in Table 4-1 and Table 4-2. 

At first glance, Table 4-1 suggests that there is no gradual adoption of DST as the 

number of years increase, neither is there any effect of the interaction of time (year) 
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with the potential variables on DST diffusion by countries. Thus, the diffusion of 

DST does not seem to be increasing within the observation period (2010–2015). 

Significantly, it seems that on average – keeping all other parameters constant – 

with one standard deviation increase in the estimated incidence of TB cases who 

are HIV-positive, DST diffusion increases by 20%. Similarly, as total health 

expenditure increases, so does the capacity of a country to implement DST. 

Regarding the regional distribution of DST adoption, using the African Region as 

reference indicator (alphabetical selection), it appears that in the European Region, 

as estimates of HIV-associated TB increase so does the rate of DST diffusion, 

which increases by 60%. Also, in the same region, it was observed that increases in 

the population size and in the burden of TB disease, including its drug-resistant 

forms, led to an increase in the adoption of DST.  

The second series of models presented in Table 4-2 suggest that there may be more 

determinants of treatment provision than those involved in the adoption of DST. 

Similarly to DST adoption, it seems that as the estimates of HIV-associated TB 

increase in a country so does the rate of treatment adoption for MDR-TB cases. 

Thus, the regional effect seems to play an important role for the diffusion of 

treatment. As described earlier, most countries in the European Region and the 

Region of the Americas had achieved diffusion rates surpassing the 0.50 threshold 

during the first couple of years of the observation period. An interesting effect on 

treatment rates is observed when the annual percentage of GDP growth decreases. 

Taking the African Region as the reference, it seems that one standard deviation 

decrease in GDP in a country predicted a 6% increase in treatment adoption in 

2010. In the African Region alone, the increase in treatment diffusion rate reached 

12%, whereas this increase was more pronounced in the Region of the Americas 

(58%) and in the European Region (28%). This negative interaction could be 

explained by an increased response to drug-resistant TB by the international 

community and donors. Also, based on the GDP growth and year interaction, it is 

expected that the diffusion of treatment for MDR-TB cases would increase by 2% 

on a yearly basis. Overall, based on the growth:year interaction, the effect of 

growth is expected to increase by about 2% every year. This means that, by 2013, a 

single standard deviation increase in growth predicts no change in treatment rate; 
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whereas, by 2014, that same change in growth predicts a 2% change in treatment 

rate.  

Treatment success was further explored in relation to the adoption of policy 

components for the use of DST and treatment (Table 4-3). As in early models, the 

effect of year and the regional effect were also accounted for in order to detect any 

variability as time passes, and also differences between regions. Looking 

particularly at the effect of year – and as noted in previous models – it would 

appear that treatment diffusion rate is increasing over time, but the same trend is 

not observed for DST adoption. Overall, there seems to be no regional effect on 

treatment success for most of the settings, except for the Western Pacific Region 

which showed a lower DST diffusion rate than the African Region. For instance, in 

the African Region a 62% increase in the diffusion rate could be expected in 2010 

while the Western Pacific Region had a 31% reduced DST diffusion rate during the 

same period. However, when the interaction between time and region is considered, 

an 8% increase in DST adoption can be perceived in the Western Pacific Region 

over time. Of note, the overall effect of DST and treatment adoption on treatment 

success appear to differ in both models. It seems that the effect of year on treatment 

success disappears once DST diffusion rated is controlled for; however, treatment 

success might be going up over time when treatment is controlled for. 

 

4.2. Probability of policy diffusion over time 

Proportional hazards regression models were used to predict the probability of 

countries not reaching the 0.50 diffusion rate threshold (i.e. that half of the 

estimated MDR-TB cases are yet not reached); therefore, these two policy 

components are not being adopted. As the models presented in Tables 4-4 and 4-5 

are intrinsically time-varying, only time-varying coefficients are presented. Cox 

regressions independent models were performed for eight different models, each 

predicting the probability of DST (Table 4-4) and treatment (Table 4-5) diffusion, 

based on a single continuous predictor and the region, clustering standard errors by 

country. These analyses assume a consistent effect of the independent variables 

across geographic regions. The continuous predictors for the eight models are the 

same eight used in the multilevel models in Table 4-1 and 4-2.  
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Exponentiating these model coefficients gives the hazard ratio that compares the 

probability of experiencing the endpoint (in this case, diffusion) in the new group to 

a baseline group. For example, in Table 4-4, the coefficient for incidence of HIV 

comorbidity suggests that, all other things being equal, the model predicts an 

exp(1.088) = 296% increase in the probability of experiencing DST policy 

diffusion; that is, in settings where rates of HIV-associated TB increase by one 

standard deviation, DST diffusion is three times more likely than in settings with 

lower coinfection. These models suggest that being in Europe (rather than Africa) 

and having higher HIV comorbidity both predict a higher probability of DST policy 

diffusion, while being in any region other than Africa, or having higher population, 

higher estimated number of MDR-TB cases among pulmonary TB cases and higher 

GDP all predict lower probability of DST diffusion. In Table 4-5, we see that the 

probability of treatment diffusion is similarly influenced by region, though the 

Region of the Americas now has a higher estimated diffusion rate than the African 

Region. In contrast to the results observed with DST diffusion, treatment diffusion 

probability increases with increases in TB incidence, number of HIV-associated TB 

cases, annual GDP growth and GINI index.  
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Figures 4-2 and 4-3 indicate the rate of countries in each region that have yet not 

reached a 0.50 diffusion rate for DST (Figure 4-2) and treatment (Figure 4-3). 

Survival indicates the“survival rate (i.e. the probability of not experiencing policy 

diffusion) for each country that has not yet reach a 0.5 diffusion rate for DST and 

treatment. This omits countries in the European and American Regions given that, 

at the start of the observation period (time 0, 2010), countries in these regions 

already had a probability of DST and MDR-TB treatment diffusion higher than 

50%.  

Figure  4-1. Policy diffusion rates for detection and treatment of drug-resistant TB cases 
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Table 4-1. Multilevel models to predict determinants of DST diffusion (random slopes 

model) 

 

 
Dependent variable : DST diffusion rate 

Population 

(se) 

TB 

incidence 

(se) 

Est HIV-

assoc TB 

(se) 

Est Inc 

MDR-

TB, 

pulm 

TB (se) 

Annual 

GDP 

growth, 

% (se) 

GDP, 

constant 

2010 

(se) 

GINI 

index 

(se) 

Health 

expenditure, 

%, GDP 

(se) 

scale(x)                               0.008 0.024 0.189∗∗∗ −0.014 0.025 0.0005 0.148 0.106∗∗ 

 (0.062) (0.066) (0.046) (0.056) (0.033) (0.073) (0.091) (0.051) 

year0 0.002 0.002 0.013 0.003 0.006 0.002 −0.107 0.015 

 (0.014) (0.014) (0.017) (0.014) (0.015) (0.014) (0.205) (0.019) 

Americas 0.299 0.306 0.585∗∗ 0.297 0.304 0.298 0.101 0.345 

 (0.315) (0.314) (0.256) (0.315) (0.327) (0.327) (0.363) (0.312) 

E Mediterranean −0.077 −0.077 0.204 −0.075 −0.093 −0.133 −0.055 −0.006 

 (0.225) (0.224) (0.185) (0.225) (0.320) (0.316) (0.359) (0.295) 

Europe 0.298∗∗ 0.306∗∗ 0.582∗∗∗ 0.302∗∗ 0.312∗∗ 0.298∗∗ 0.504∗ 0.256∗ 

 (0.138) (0.139) (0.126) (0.138) (0.144) (0.143) (0.265) (0.133) 

SE Asia −0.104 −0.126 0.058 −0.091 −0.064 −0.077 −0.021 0.034 

 (0.163) (0.167) (0.130) (0.161) (0.174) (0.175) (0.299) (0.171) 

W Pacific −0.190 −0.187 0.086 −0.165 −0.187 −0.182 −0.447 −0.160 

 (0.194) (0.180) (0.154) (0.191) (0.187) (0.209) (0.601) (0.174) 

scale(x):year0 −0.001 0.002 0.001 0.001 −0.004 −0.0004 0.022 −0.005 

 (0.009) (0.011) (0.009) (0.009) (0.008) (0.011) (0.049) (0.013) 

year0:Americas 0.033 0.034 0.022 0.033 0.033 0.033 0.126 0.013 

 (0.048) (0.048) (0.050) (0.048) (0.049) (0.049) (0.219) (0.069) 

year0:E Medit. −0.011 −0.011 −0.022 −0.011 0.011 0.020 0.152 0.022 

 (0.032) (0.032) (0.035) (0.032) (0.044) (0.042) (0.220) (0.057) 

year0:Europe 0.003 0.004 −0.008 0.003 0.001 0.003 0.108 −0.010 

 (0.018) (0.019) (0.023) (0.019) (0.020) (0.019) (0.215) (0.025) 

year0:SE Asia −0.004 −0.005 −0.013 −0.005 −0.010 −0.006 0.042 −0.012 

 (0.023) (0.024) (0.025) (0.023) (0.025) (0.025) (0.217) (0.037) 

year0:W Pacific 0.012 0.011 0.0004 0.009 0.011 0.012 0.163 −0.0001 

 (0.029) (0.026) (0.029) (0.028) (0.027) (0.032) (0.295) (0.035) 

Constant 0.213∗∗ 0.215∗∗ 0.024 0.206∗∗ 0.197∗ 0.211∗∗ 0.179 0.186∗ 

 (0.102) (0.100) (0.090) (0.103) (0.106) (0.107) (0.235) (0.096) 

Observations 161 161 161 161 150 150 48 125 

Log Likelihood 28.247 28.762 40.312 28.093 21.793 22.474 −3.709 7.232 

Akaike Inf.  Crit. −20.494 −21.524 −44.625 −20.186 −7.586 −8.949 43.417 21.536 

Bayesian Inf.  Crit.                            34.972 33.941 10.841 35.279 46.606 45.243 77.099 72.446 

Note.— *p<0.1; ** p<0.05; ***p<0.01 
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Table 4-2. Multilevel models to predict determinants of MDR-TB treatment diffusion 

(random slopes model) 

 
Dependent variable : MDR-TB treatment diffusion rate 

Population 

(se) 

TB 

incidence 

(se) 

Est HIV-

assoc TB 

(se) 

Est Inc 

MDR-

TB, 

pulm TB 

(se) 

Annual 

GDP 

growth, % 

(se) 

GDP, 

constant 

2010 (se) 

GINI 

index 

(se) 

Health 

expenditure, 

%, GDP (se) 

scale(x) −0.002 0.010 0.065** −0.038 −0.056∗∗ −0.006 0.109 0.037 

 (0.034) (0.033) (0.027) (0.030) (0.022) (0.045) (0.095) (0.030) 

year0 0.064∗∗∗ 0.065∗∗∗ 0.042∗∗ 0.059∗∗∗ 0.059∗∗∗ 0.063∗∗∗ −0.001 0.086∗∗∗ 

 (0.019) (0.019) (0.017) (0.020) (0.021) (0.020) (0.180) (0.027) 

Americas 0.582∗∗∗ 0.585∗∗∗ 0.691∗∗∗ 0.581∗∗∗ 0.581∗∗∗ 0.582∗∗∗ 0.380 0.639∗∗∗ 

 (0.175) (0.175) (0.154) (0.179) (0.169) (0.182) (0.332) (0.164) 

E Mediterranean −0.092 −0.093 0.015 −0.089 −0.143 −0.073 −0.076 −0.009 

 (0.130) (0.130) (0.118) (0.134) (0.172) (0.182) (0.345) (0.168) 

Europe 0.321∗∗∗ 0.325∗∗∗ 0.429∗∗∗ 0.333∗∗∗ 0.281∗∗∗ 0.322∗∗∗ 0.399 0.304∗∗∗ 

 (0.080) (0.081) (0.079) (0.083) (0.078) (0.084) (0.262) (0.078) 

SE Asia −0.075 −0.088 −0.023 −0.054 −0.072 −0.071 −0.147 0.0001 

 (0.093) (0.095) (0.078) (0.093) (0.091) (0.099) (0.284) (0.094) 

W Pacific −0.054 −0.059 0.044 −0.019 −0.045 −0.055 −0.259 −0.021 

 (0.107) (0.101) (0.094) (0.108) (0.098) (0.115) (0.304) (0.095) 

scale(x):year0 0.0002 0.008 0.039∗∗∗ −0.012 0.023∗∗∗ −0.004 −0.048 0.015 

 (0.010) (0.012) (0.011) (0.009) (0.007) (0.009) (0.062) (0.016) 

year0:Americas −0.034 −0.031 0.007 −0.035 −0.029 −0.034 0.086 −0.072 

 (0.056) (0.056) (0.048) (0.058) (0.063) (0.058) (0.206) (0.080) 

year0:E Medit. −0.036 −0.037 0.003 −0.032 −0.008 −0.027 0.004 −0.019 

 (0.042) (0.042) (0.036) (0.044) (0.063) (0.058) (0.212) (0.084) 

year0:Europe 0.017 0.020 0.058∗∗ 0.020 0.036 0.017 0.057 0.002 

 (0.026) (0.026) (0.024) (0.027) (0.029) (0.027) (0.196) (0.038) 

year0:SE Asia −0.029 −0.038 −0.008 −0.017 −0.026 −0.022 0.042 −0.032 

 (0.030) (0.031) (0.024) (0.031) (0.034) (0.032) (0.193) (0.047) 

year0:W Pacific −0.021 −0.022 0.018 −0.009 −0.026 −0.011 0.105 −0.044 

 (0.034) (0.032) (0.029) (0.035) (0.037) (0.038) (0.201) (0.046) 

Constant 0.098∗ 0.100∗ 0.024 0.083 0.120∗∗ 0.097 0.158 0.066 

 (0.059) (0.058) (0.056) (0.061) (0.057) (0.062) (0.229) (0.055) 

Observations 180 180 180 180 167 167 53 140 

Log Likelihood 49.871 50.183 55.776 50.743 43.669 39.596 −7.828 37.547 

Akaike Inf.  Crit. −63.742 −64.366 −75.552 −65.486 −51.338 −43.192 51.655 −39.093 

Bayesian Inf.  Crit.                            −6.269 −6.893 −18.079 −8.013 4.786 12.932 87.120 13.856 

Note.— *p<0.1; ** p<0.05; ***p<0.01  
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Table 4-3. Multilevel models to predict treatment success in relation to diffusion rates for 

DST and MDR-TB treatment (random slopes model) 

 
Dependent variable: 

  

 (1) (2)  

x −6.940 2.549  

 (9.552) (11.033)  

year0 0.915 7.425***  

 (2.257) (2.628)  

Americas −3.582 9.670  

 (20.810) (26.206)  

E Mediterranean 11.258 26.344  

 (18.340) (24.089)  

Europe −8.090 2.195  

 (9.556) (12.094)  

SE Asia 10.662 22.803  

 (11.731) (13.971)  

W Pacific −30.699** −0.108  

                                           (12.574) (14.646)  

x:year 1.936 −4.764  

           (4.007) (3.975)  

Year0:Americas −1.145 −4.822  

 (6.623) (7.842)  

Year0:E Mediterranean −0.896 −7.143  

 (5.700) (7.472)  

Year0:Europe 0.187 −2.311  

 (2.992) (3.632)  

Year0:SE Asia −2.900 −7.822*  

 (3.721) (4.206)  

Year0:W Pacific 8.151** −4.197  

 (4.040) (4.402)  

Constant                             61.985*** 46.753***  

 (7.027) (8.578)  

Observations                    95 108  

Log Likelihood           −313.121 −373.043  

Akaike Inf.  Crit.             662.242 782.085  

Bayesian Inf.  Crit.          708.212 830.364  

                               Note.— *p<0.1; ** p<0.05; ***p<0.01 
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Table 4-4. Cox model predicting the probability of DST diffusion over time 

 

 

Dependent variable : DST diffusion rate 

Popula

tion 

(se) 

TB 

inciden

ce (se) 

Est HIV-

assoc TB 

(se) 

Est 

Inc 

MDR

-TB, 

pulm 

TB 

(se) 

Annual 

GDP 

growth, 

% (se) 

GDP, 

const

ant 

2010 

(se) 

GINI 

index 

(se) 

Health 

expendit

ure, %, 

GDP (se) 

scale(x) 
−9.246

*** 
−0.461 

1.088

*** 
−2.285* 0.137 −2.605* −0.154 −0.227 

 
(5.752) (2.508) 

(0.852

) 
(1.575) (0.194) (2.275) (0.682) (0.306) 

Americas −18.98

1*** 

−18.630*

** 

−15.3

79*** 

−18.677

*** 

−18.23

0*** 

−18.199

*** 
0.041 

−18.324*

** 

 (29,829

.300) 

(28,666.63

0) 

(30,25

5.780) 

(29,993.

020) 

(26,374

.990) 

(26,481.

010) 

(25,711

.010) 

(27,127.8

30) 

E Mediterranean −18.43

0*** 

−18.434*

** 

−15.4

20*** 

−18.212

*** 

−18.22

2*** 

−18.153

*** 
−0.267 

−18.624*

** 

 (18,846

.560) 

(21,562.48

0) 

(22,81

1.520) 

(21,882.

810) 

(26,850

.270) 

(26,964.

580) 

(32,890

.950) 

(27,798.8

60) 

Europe 
1.879** 2.516*** 

5.878

*** 
2.842*** 

2.805**

* 
2.704*** 

19.505*

** 
2.762** 

 
(1.099) (1.351) 

(3.840

) 
(1.029) (1.041) (1.030) 

(20,478

.080) 
(1.048) 

SE Asia −17.37

5*** 

−18.203*

** 

−16.2

31*** 

−17.946

*** 

−18.28

3*** 

−17.682

*** 
−0.127 

−18.551*

** 

 (9,414.

797) 

(11,525.15

0) 

(10,93

7.190) 

(11,352.

000) 

(11,836

.110) 

(11,344.

860) 

(25,930

.240) 

(12,203.1

50) 

W Pacific −17.74

7*** 

−18.372*

** 

−15.4

81*** 

−17.711

*** 

−18.33

7*** 

−17.491

*** 
−0.041 

−18.328*

** 

 

(10,749

.930) 

(14,463.85

0) 

(15,33

0.700) 

(13,347.

790) 

(13,915

.740) 

(11,354.

310) 

(26,790

.890) 

(13,778.7

80) 

Observations 161 161 161 161 150 150 48 125 

R2 0.226 0.195 0.211 0.227 0.197 0.213 0.179 0.217 

Max.  Possible 

R2 
0.655 0.655 0.655 0.655 0.675 0.675 0.760 0.708 

Log Likelihood 
−65.12

3 
−68.228 

−66.6

73 
−64.988 

−67.98

6 
−66.464 

−29.53

7 
−61.593 

Wald Test (df = 

6) 

1,591.5

60*** 

2,318.670

*** 

3,350.

320**

* 

2,433.39

0*** 

2,057.5

60*** 

1,974.84

0*** 

2,270.4

00*** 

2,784.680

*** 

LR Test (df = 6) 41.198*

** 34.988*** 38.09

9*** 
41.469**

* 
32.840*

** 
35.883**

* 9.493 30.500**

* 

Score (Logrank) 

Test (df=6) 

34.392*

** 
34.309*** 

35.12

7*** 

36.495**

* 

31.517*

** 

30.914**

* 
6.087 

28.962**

* 

Note.—Hazard ratios and standard errors reported.   *p<0.1; ** p<0.05; ***p<0.01. Abbreviations: HIV: 

human immunodeficiency virus (infection); MDR: multidrug-resistance; TB: tuberculosis; Est HIV-assoc TB: 

estimated HIV-associated TB; Est Inc MDR-TB, pulm TB: estimated number of MDR-TB cases among 

pulmonary TB cases; and GDP: gross domestic product. 
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Table 4-51. Cox model predicting the probability of MDR-TB treatment diffusion over 

time 

 

 

Dependent variable : DST diffusion rate 

Popula

tion 

(se) 

TB 

incidenc

e (se) 

Est HIV-

assoc TB 

(se) 

Est 

Inc 

MDR

-TB, 

pulm 

TB 

(se) 

Annual 

GDP 

growth, 

% (se) 

GDP, 

const

ant 

2010 

(se) 

GINI 

index 

(se) 

Health 

expendit

ure, %, 

GDP (se) 

scale(x) 
0.780 3.164*** 1.273

*** 

0.155 0.403*

* 

0.347* 1.043*

** 

0.096 

 

(1.353) (2.043) (1.037

) 

(0.234) (0.182) (0.504) (0.369) (0.210) 

Americas 2.195*

* 

3.798*** 6.061

*** 

2.118** 2.320*

* 

2.099** 18.925

*** 

2.127** 

 (1.424) (2.035) (4.921

) 

(1.414) (1.419) (1.414) (8,773.

557) 

(1.415) 

E 

Mediterranean 

−18.27

3*** 

−18.316*** −13.3

56*** 

−17.218 −16.93

8*** 

−16.947

*** 

1.088 −16.846*

** 

 (17,679

.370) 

(16,413.540

) 

(11,20

2.630) 

(10,758.

370) 

(15,572

.120) 

(13,407.

570) 

(27,256

.100) 

(13,750.5

40) 

Europe 3.243*

** 

4.888*** 7.107

*** 

3.10*** 3.438*

** 

3.129**

* 

21.560

*** 

3.119*** 

 (1.030) (1.790) (4.815

) 

(1.024) (1.025) (1.021) (8,773.

557) 

(1.028) 

SE Asia −19.41

5*** 

−30.047*** −14.5

78*** 

−17.321

*** 

−17.13

5*** 

−17.079

*** 

0.179 −16.873*

** 

 (9,262.

395) 

(6,013.040) (5,459

.362) 

(6,163.7

48) 

(6,776.

649) 

(5,979.9

72) 

(18,915

.540) 

(6,142.86

8) 

W Pacific −19.84

4*** 

−19.980***

*** 

−13.4

39 

−17.342

*** 

−17.27

7*** 

−17.700

*** 

−0.122 −16.973*

** 

 

(11,127

.750) 

(9,790.468) (7,917

.091) 

(7,559.7

69) 

(7,936.

470) 

(6,453.5

63) 

(18,762

.910) 

(6,865.41

8) 

Observations 180 180 180 180 167 167 53 140 

R2 0.263 0.272 0.278 0.264 0.285 0.263 0.287 0.309 

Max.  Possible 

R2 

0.770 0.770 0.770 0.770 0.790 0.790 0.840 0.827 

Log Likelihood 
−104.7

49 

−103.692 −103.

007 

−104.70

3 

−102.1

03 

−104.68

8 

−39.59

8 

−96.944 

Wald Test (df = 

6) 

1,922.3

90*** 

1,288.720*

** 

2,979.

370**

* 

4,327.15

0*** 

3,691.3

50*** 

3,319.19

0*** 

2,646.3

40*** 

3,740.100

*** 

LR Test (df = 6) 55.031

*** 

57.144*** 58.51

5*** 

55.123*

** 

56.057

*** 

50.888*

** 

17.895

*** 

51.737**

* 

Score (Logrank) 

Test (df=6) 

54..749

*** 

54.769*** 55.38

6*** 

55.006*

** 

57.910

*** 

48.597*

** 

15.775

*** 

50.419**

* 

Note.—Hazard ratios and standard errors reported.   *p<0.1; ** p<0.05; ***p<0.01. Abbreviations: HIV: 

human immunodeficiency virus (infection); MDR: multidrug-resistance; TB: tuberculosis; Est HIV-assoc TB: 

estimated HIV-associated TB; Est Inc MDR-TB, pulm TB: estimated number of MDR-TB cases among 

pulmonary TB cases; and GDP: gross domestic product. 
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Figure  4-2. Probability of DST diffusion rate below 50% by year 

 

 

 

Figure  4-3. Probability of treatment diffusion rate below 50% by year 
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Chapter 5 

Discussion & conclusions 
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Chapter 5: Discussion and conclusions 

The multilevel analyses and the Cox regression results presented suggest 

relationships between several of the included covariates and the diffusion of policy 

components; namely, DST and provision of treatment for drug-resistant TB cases. 

The relationships elucidated by this study should not be construed to be causal in 

nature. To help in understanding the status of policy diffusion in high MDR-TB 

burden countries, this research focused on determining the diffusion rate of two 

policy components: the impact and the time-to-adopt within the established 

observation period.  

Regarding the diffusion rates for DST and MDR-TB treatment, although the 

descriptive adoption timeline seemed suggestive of increasing rates for both policy 

components, results from multilevel analyses demonstrated that the adoption of 

DST is not increasing over time; conversely, diffusion of treatment policies is 

increasing; the earlier finding is not surprising given the perceived financial 

implications involved in the adoption of DST, especially with recommendations of 

new diagnostic technologies. Although substantial efforts have being made in terms 

of strengthening laboratory capacity, concerns around accessibility and 

sustainability of use of newer diagnostics continue to persist (1). are due in great 

part to the high cost and infrastructure requirements (2).  In the case of Xpert 

MTB/RIF, implementation studies and other cost analyses of new rapid molecular 

tests for TB testing and drug-resistance have concluded that costs of newer 

molecular diagnostic tests are comparable to that of phenotypic methods, 

Moreover, additional gains such as reduced diagnostic delay as well as 

mistreatment, are associated with decrease morbimortality in TB patients (3, 4).  

Additionally, this study revealed a high probability of DST adoption in patients in 

settings with high burden of HIV-associated TB.  In the early years when initial 

policies were developed, the adoption of DST was focused on targeted patients, 

especially in resource-constrained areas. HIV-associated TB seems to play a role in 

the diffusion of DST, with a 20% increment in countries with one standard 

deviation increase in the number TB cases coinfected with HIV. It is apparent 

countries continue to prioritise the use of DST based on individualised risk of 

patients,asopposedtothe“universal”approachthat has been widely recommended 
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in more recent years for all TB patients. Evidently, implementing DST for all TB 

patients at entry to healthcare services requires the expansion of laboratory services 

to increase the population coverage. Expanding laboratory capacity carries financial 

costs. Further, although countries may be using DST in more TB cases during 

recent years, the significance of this increase may not be perceived, given increases 

in the burden of disease in some settings.  

Total health expenditure appeared to also be related to higher DST adoption rates; 

however, when exploring the probability of DST adoption (i.e. countries exceeding 

the 0.5 threshold), based on various independent variables, the probability of DST 

adoption did not increase through increases in health expenditure. Population 

growth fluctuations, however, seemed to affect the probability of DST adoption. 

Population growth, particularly in urban settings, has been associated with the 

scale-up of both TB and HIV epidemics, and is seen as one of the key structural 

determinants of TB epidemiology (5, 6). High population growth may not be a 

causal factor, but merely an indicator of other interactions, such as the growing 

number of TB cases, especially the estimated number of MDR-TB. Both increases 

in TB burden and in MDR-TB estimates decrease the probability of DST adoption. 

Naturally, as most of the burden of TB cases is borne by developing settings, 

increasing trends in the burden of disease may hinder the [financial] capacity of a 

country to respond and cope with large loads of cases. Research exploring TB 

diagnosis and associated challenges has identified systemic elements such as poor 

financing, which hampers the capacity to adopt new diagnostics (7). Analyses 

conducted in 2013 suggested that the BRICS group of countries, as well as other 

upper- and middle-income countries, are progressively mobilizing domestic sources 

(e.g. funding for MDR-TB); however, low-income countries continue to depend on 

donor funds, which may limit the allocation of resources to expand laboratory 

capacity (8). Investment in TB diagnostic services to achieve universal DST for 

individuals with presumptive TB should be a high priority. As Martin and 

colleagues highlight, “the unspoken question is not ‘who can we afford to test?’, 

but rather ‘who can we afford to not test?’”(9). Prioritising one case over another 

comes at too great a cost and will continue to fuel the drug-resistance threat.  
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As stated earlier, in contrast to DST diffusion, the adoption of treatment seemed to 

be increasing over time. HIV-associated TB continues to be observed as a factor 

that increases the probability of both DST and treatment adoption. As patients with 

HIV-associated MDR-TB have alarmingly high mortality, both antiretroviral and 

treatment for drug-resistance are required. Prioritisation of at-risk groups is the 

result of scarce resources. In contrast to the effect of the burden of TB disease on 

the adoption of DST, increases in number of TB cases predict higher probability of 

treatment diffusion. This finding is consistent with reports highlighting the lack of 

tools and resources to confirm drug-resistant cases.  

The adoption of policies is linked to the institutional structure of national policy-

making (e.g. decentralised versus centralised), funds to adopt an innovation and 

other forces. However, there is no evidence on the motivation of a country to adopt 

one policy component over other under a single policy, especially when both 

components represent key elements for adequate management of MDR-TB cases. 

Also, because DST policies may be perceived as more dynamic, with more 

structural changes involved, than changes in the composition of a regimen or the 

inclusion of a new drug, DST policies may be deemed too complex or unnecessary 

to fully adopt. Policy changes in these two components are associated with the 

constant construction of new evidence, as well as the development of new tools, 

whether these are laboratory products or new medicines. The adoption of both 

policy components has financial implications for countries; however, the adoption 

of DST may carry more structural changes owing to the required expansion of 

diagnostic services, purchases of equipment and reagents, and increase in numbers 

of qualified staff. Overall, these challenges and concerns may lead countries to 

prioritise and invest in treatment components instead. 

In the literature on diffusion of innovations, it is commonly acknowledged that the 

characteristics and socio-environmental settings of adopters do evolve in space and 

time, affecting the decision to adopt a policy or innovation. Notably, it is important 

to consider the role or effect that particular policy attributes have on the diffusion 

process. The adoption, is therefore, not only affected by internal determinants 

earlier described, but elements of a policy can delay the process of adoption. For 

instance, the dynamic nature of policies may play a significant role on whether a 
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policy is translated into action (through policy transfer processes) or whether this 

remains stagnant. Two interconnected occurrences are observed in MDR-TB 

policies: one is the dynamic nature of policies attributed to the constant changes in 

the landscape of diagnostics and medicines; second, the effect of previously 

“stable”policieswhichundergo rapidanddramaticchanges.The development of 

more effective diagnostics was long-overdue, and countries were relying heavily on 

outdated and less accurate diagnostics (smear microscopy, culture, and chest 

radiography); although the last decade has witnessed an upsurge in TB diagnostics 

R&D and recommendations for the implementation of molecular methods such as 

the line probe assay and Xpert MTB/RIF assays were issued. These tests require 

extensive laboratory infrastructure which makes it difficult for resource-constrained 

settings to finance. Hence, though much needed, countries do not have the capacity 

to adopt policy components.  

5.1. Leads and laggards  

In line with the regional diffusion model, the findings in this study suggest that 

geographical proximity may influence the diffusion of innovations. Although the 

scope of this study does not allow an exploration of the mechanisms through which 

this diffusion of TB policy components occurs, emulation as well as social, political 

and cultural dimensions could explain the observed interactions between regions 

and their effect on the diffusion process. High MDR-TB burden countries in the 

European Region, with few exceptions, had experienced high diffusion rates at the 

start of the observation period, and such rates have remained constant. This 

regional diffusion pattern may be the result of the [geographically-influenced] 

mobilisation of knowledge. This is a valuable observation which can be 

exemplified when promoting new policies and engaging with key TB actors, 

including policy-makers.  

 

5.2. Predicting the adoption of new policies 

In recent years, the world has witnessed an unprecedented scale-up in the research 

and development (R&D) fields for TB drug regimens and TB diagnostics, and 
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some new products or tools have emerged and have been incorporated into the 

sphere of global TB policies. Such is the case for the WHO-recommended shorter 

regimen for MDR-TB, drugs with novel mechanisms of action, and new and 

improved diagnostics. Taking into account the current scenario of new TB drugs, 

bedaquiline and delamanid were recommended for use in the treatment of MDR-

TB in 2013 and 2014, respectively. Yet, four years after bedaquiline was 

recommended by WHO, and 3 years after the interim policy for delamanid was 

issued, despite being eligible for financing through the Global Fund, the uptake of 

these drugs is relatively slow as compared to the need.  

 

5.3. Study limitations 

This study presents two important limitations. A major challenge faced during the 

analysis was the significant censored observations and missing data for some 

specific years for some variables (i.e. estimated incidence of MDR-TB). 

One of the restrictions of studies on the diffusion of innovations is the notion that 

innovations do not continuously evolve or get modified in the process of diffusion. 

This assumption means that the innovation is contemplated to be steady as it gets 

adopted and diffuses.   

 

5.4. Conclusions 

The policy components examined in this study are the foundation of current TB 

management and care strategies. Although the cumulative knowledge generated 

around the diffusion of innovation, with emphasis on policy adoption has been 

impressive, there is scarce data on the diffusion of MDR-TB policies, especially in 

high-burden settings. Both, policies (or its components) as well as the diffusion 

process itself have been dynamic and determined by a variety of factors.  

Various determinants of policy diffusion have been described in the literature. The 

process for policy diffusion may not happen, or may be interrupted or delayed for a 

varietyofreasons,fromcountries’preparednessandreadinessstatustoapatternof
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punctuated equilibria inwhichcountries’capability toadaptandadopt rapidlyor

drasticallychangingpoliciesfallsbehind,regardlessoftheadopter’sperception of 

policy effectiveness. A factor that has been linked to the process of policy diffusion 

is financial cost. Programme innovation and policy adoption in a country carry high 

costs,andthiscanhamperacountry’scapacitytosuccessfully adopt a policy. 

Overall, this study confirmed very low rates of policy diffusion among high MDR-

TB burden countries, with only ~26% of countriesreaching≥50%ofthe estimated 

number of MSR-TB cases.  However, taking into account the dynamic nature of TB 

policies, the observation period selected in this research may have been insufficient 

to capture any changes in the diffusion rates for DST and MDR-TB treatment 

overtime. In addition, considering the role of policy attributes or policy 

characteristics is of utmost importance not only to understand, but to prevent 

factors hindering the uptake speed and spread of policies. To keep pace with the 

needs of the communities,  
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Annex 1. The three high-burden countries lists for TB, TB/HIV and MDR-TB,of30countries(“20+10”)each,thatwillbeusedbyWHOforthefiveyears2016–2020 

List The 30 high TB burden countries The 30 high TB/HIV burden countries The 30 high MDR-TB burden countries 

 

Purpose and 

target audience 

To provide a focus for global action on TB in the 

countries where progress is most needed to achieve End 

TB Strategy and SDG targets and milestones, to help 

build and sustain national political commitment and 

funding in the countries with the highest burden in terms 

of absolute numbers or severity, and to promote global 

monitoring of progress in a well-defined set of 

countries. 

To provide a focus for global action on HIV-associated TB in 

the countries where progress is most needed to achieve End 

TB Strategy, UNAIDS and SDG targets and milestones, to 

help build and sustain national political commitment and 

funding in the countries with the highest burden in terms of 

absolute numbers or severity, and to promote global 

monitoring of progress in a well-defined set of countries. 

To provide a focus for global action on the MDR-TB crisis 

in the countries where progress is most needed to achieve 

End TB Strategy targets and milestones, to help build and 

sustain national political commitment and funding in the 

countries with the highest burden in terms of absolute 

numbers or severity, and to promote global monitoring of 

progress in a well-defined set of countries. 

 

Definition The 20 countries with the highest estimated numbers of 

incident TB cases, plus the top 10 countries with the 

highest estimated TB incidence rate that are not in the top 

20 by absolute number (threshold, >10 000 estimated 

incident TB cases per year). 

The 20 countries with the highest estimated numbers of 

incident TB cases among people living with HIV, plus the 

top 10 countries with the highest estimated TB/HIV 

incidence rate that are not in the top 20 by absolute number 

(threshold, >1000 estimated incident TB/HIV cases per year). 

The 20 countries with the highest estimated numbers of 

incident MDR-TB cases, plus the top 10 countries with the 

highest estimated MDR-TB incidence rate that are not in 

the top 20 by absolute number (threshold, >1000 estimated 

incident MDR-TB cases per year). 

 

Countries in the 

list6 based on 

2014 estimates 

published in the 

2015 WHO 

Global TB 

Report 

                                                                                                     

 

 

The top 20 by estimated 

absolute number (in 

alphabetical order): 

 

Angola*; Bangladesh; 

Brazil; China; DPR 

Korea*; DRC; 

Ethiopia; India; 

Indonesia; Kenya; 

Mozambique; 

Myanmar; Nigeria; 

Pakistan; Philippines; 

Russia; S. Africa; 

Thailand; Tanzania; 

and Viet Nam. 

 

The additional 10 by 

estimated incidence rate per 

100 000 population and with 

a minimum number of 10 000 

cases per year (in 

alphabetical order): 

 

Cambodia; Central African 

Republic*; Congo*; Lesotho*; 

Liberia*; Namibia*; 

Papua New Guinea*; Sierra 

Leone*; Zambia*; and 

Zimbabwe. 

 

The top 20 by estimated 

absolute number (in 

alphabetical order): 

 

Angola; Brazil; 

Cameroon; China; 

DR Congo; Ethiopia; 

India; Indonesia; Kenya; 

Lesotho; Malawi; 

Mozambique; Myanmar; 

Nigeria; South Africa; 

Thailand; Uganda; UR 

Tanzania; Zambia; and 

Zimbabwe. 

 

The additional 10 by 

estimated incidence rate per 

100 000 population and with 

a minimum number of 1000 

cases per year (in 

alphabetical order): 

 

Botswana; Central African 

Republic; Chad; 

Congo; Ghana; Guinea-

Bissau*; Liberia*; Namibia; 

Papua New Guinea*; and 

Swaziland. 

 

The top 20 by estimated 

absolute number (in 

alphabetical order): 

 

Bangladesh; China; DPR 

Korea*; DR Congo; 

Ethiopia; India; 

Kazakhstan; Kenya*; 

Indonesia; Mozambique*; 

Myanmar; Nigeria; 

Pakistan; Philippines; 

Russian Federation; South 

Africa; Thailand*; 

Ukraine; Uzbekistan; and 

Viet Nam. 

 

The additional 10 by 

estimated rate per 100 000 

population and with a 

minimum number of 1000 

cases per year (in 

alphabetical order): 

 

Angola*; Azerbaijan; 

Belarus; Kyrgyzstan; 

Papua New Guinea*; 

Peru*; Republic of 

Moldova; Somalia*; 

Tajikistan; and 

Zimbabwe*. 

Global total (%) 83% 3% 84% 5% 80% 5% 

 

                                                           
6 The 14 countries that appear in all 3 lists are shown in bold. An asterisk (*) indicates countries that were not on the equivalent (i.e. TB, TB/HIV or MDR-TB) HBC list in use in 2015. 
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Annex 2. Treatment outcomes, high MDR-TB burden countries, 2010-2013 

Country 
2010 2011 2012 2013 

Success Fail Died LTFU Success Fail Died LTFU Success Fail Died LTFU Success Fail Died LTFU 

Angola 

            

74.14 1.72 18.10 6.03 

Azerbaijan 54.55 20.63 21.33 3.50 60.00 16.64 17.35 6.02 60.32 17.69 15.82 6.17 59.04 18.24 17.16 5.56 

Bangladesh 75.08 0.61 10.64 12.77 68.33 1.67 14.17 14.17 72.08 0.99 11.49 13.47 74.78 0.73 11.95 8.60 

Belarus 31.35 17.41 10.33 12.14 50.44 23.50 10.88 9.50 54.44 21.72 10.68 9.88 53.93 22.52 10.21 11.99 

China 41.82 16.45 7.28 8.35 49.91 20.47 8.41 8.22 42.24 7.71 5.40 4.46 55.49 8.97 7.14 7.37 

DPR Korea 

    

 

   

86.00 0.00 10.00 4.00 83.53 2.94 10.00 3.53 

DRC 36.19 1.90 19.05 5.71 59.42 1.45 21.74 13.04 64.18 4.48 14.18 12.69 63.06 1.87 14.18 14.18 

Ethiopia 84.21 0.88 13.16 0.88 72.41 0.00 18.10 7.76 82.66 3.69 11.81 1.85 68.01 2.52 12.34 8.06 

India 47.71 9.17 22.14 18.74 49.70 7.22 22.65 16.99 45.78 7.51 21.56 20.42 46.19 7.14 21.48 19.69 

Indonesia 72.14 4.29 12.86 10.71 60.00 1.15 15.00 23.85 54.40 3.24 15.28 26.62 50.93 2.84 15.82 30.41 

Kazakhstan 72.65 7.15 6.40 6.87 74.32 7.09 7.93 7.81 72.99 7.20 8.80 7.31 72.47 6.53 10.51 7.54 

Kenya 82.29 0.00 12.50 5.21 70.49 0.00 9.02 3.28 83.25 0.00 7.61 8.63 82.33 0.38 10.53 5.26 

Kyrgyzstan 42.45 6.29 11.69 18.35 56.91 7.11 14.02 21.54 62.71 8.65 12.26 16.39 57.42 6.86 6.67 19.36 

Mozambique 28.57 10.71 7.14 14.29 31.21 2.55 21.02 15.92 28.04 1.87 27.57 12.62 52.08 0.96 24.28 18.53 

Myanmar 69.68 1.60 17.55 10.64 71.17 1.23 16.56 11.04 79.23 1.81 15.80 2.71 82.76 1.20 12.74 3.00 

Nigeria 60.87 4.35 26.09 8.70 63.16 0.00 26.32 10.53 62.34 0.65 14.94 0.65 76.70 1.18 13.27 4.42 

Pakistan 70.26 2.05 14.36 9.23 70.49 1.64 11.48 5.62 71.10 2.68 15.15 4.66 69.07 3.71 16.98 5.59 

Papua New Guinea 38.89 5.56 50.00 5.56 13.79 0.00 22.41 3.45 55.29 1.18 14.12 20.00 

    Peru 60.04 5.49 6.34 18.28 53.54 4.15 6.82 25.91 59.98 2.85 6.06 29.68 55.11 4.60 5.55 30.69 

Philippines 41.63 1.53 13.79 35.89 40.93 2.13 11.66 39.48 43.27 1.17 13.40 34.65 49.09 1.37 11.89 29.17 

Republic of Moldova 49.30 10.37 12.77 27.31 54.27 9.46 13.14 23.13 58.88 10.16 10.63 19.98 57.05 9.86 11.88 20.57 

Russian Federation 43.47 14.36 15.08 17.58 37.08 18.34 19.11 14.75 40.12 14.92 18.54 13.16 48.33 13.80 15.78 10.26 

Somalia 

            

76.67 0.00 13.33 10.00 

South Africa 40.37 5.86 17.29 16.92 44.78 4.86 17.74 19.84 48.94 3.96 19.26 24.18 48.26 3.61 22.33 22.15 

Tajikistan 61.63 13.47 13.88 10.20 63.68 9.74 15.00 9.21 65.61 6.36 12.71 14.58 60.00 5.12 19.36 14.08 

Thailand 

                Ukraine 29.32 9.51 33.09 13.28 34.07 12.13 29.58 17.87 34.36 16.47 26.91 18.54 38.62 17.02 21.68 17.96 

Uzbekistan 58.28 14.17 9.55 15.13 53.22 9.47 13.10 22.22 49.43 10.66 16.83 17.44 52.51 6.91 19.34 12.54 

Viet Nam 78.35 7.22 8.25 6.19 72.02 7.43 6.91 12.78 70.55 5.61 9.68 12.62 68.93 6.67 9.07 14.29 

Zimbabwe 66.67 0.00 33.33 0.00 81.43 0.00 12.86 2.86 74.79 2.99 11.11 7.69 58.97 0.28 12.25 3.99 

 



 

 
 

 

  



 

 
 

 

 


