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WHAT WE KNOW

• TB is a treatable and curable disease

• For HIV-affected people, TB is a preventable co-infection

• For HIV-affected people with TB, TB is a treatable and 
curable co-infection
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AND YET . . . 
In Many High Burden Regions (Like India and South Africa) Health Outcomes 

Remain Suboptimal

For MDR TB patients, we use the WHO estimate of 61,000 (95%CI: 47,000–76,000) MDR
TB patients among all notified TB patients in the RNTCP as the number of MDR TB patients
who underwent evaluation at government TB diagnostic facilities (Step 2). We estimate that
25,062 (95%CI: 24,678–25,493), or 41.1%, of these patients were successfully diagnosed with
MDR TB (Step 3), suggesting that 35,938 (95%CI: 21,507–51,322), or 58.9%, remained undiag-
nosed or got misdiagnosed with other forms of TB (Gap 2).

Aggregating these findings, we estimate that, of 1,938,027 (95%CI: 1,840,748–2,050,001)
patients with all forms of TB who presented for evaluation to government TB diagnostic facili-
ties (Step 2), 1,629,906 (95%CI: 1,624,270–1,634,903), or 84.1%, were appropriately diagnosed
(Step 3) and 308,121 (95%CI: 205,845–425,731), or 15.9%, remained undiagnosed (Gap 2).

We also produced separate estimates for each form of TB for Gap 3—the proportion of
patients diagnosed with TB who do not get registered in treatment in the government TB pro-
gram (i.e., pretreatment lost to follow-up).

For Gap 3 among smear-positive TB patients, as noted above, the meta-analysis of findings
from 14 studies suggests a pretreatment loss to follow-up rate of 16% (95%CI: 12%–20%) (Fig
6 and Table H in S3 Text). This finding is concordant with our Gap 3 estimate using data from
the TB India reports (S5 Text) [16,20]. In that analysis, 928,190 new and retreatment smear-
positive TB patients were diagnosed in 2013 (Step 3) and 792,935 (85.4%) new and retreatment
smear-positive patients were registered in treatment (Step 4), suggesting there were 135,255
(14.6%) pretreatment loss to follow-up patients (Gap 3). Since this estimate is within the confi-
dence interval of the meta-analysis estimate, we use the more conservative Gap 3 estimate from
the TB India reports in the TB cascade.

Fig 7. The cascade of care for all forms of tuberculosis in India’s Revised National Tuberculosis Control Programme (RNTCP) in
India, 2013. Error bars depict 95% confidence intervals.

doi:10.1371/journal.pmed.1002149.g007
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individuals (range, 18 971–23 415 individuals) accessed RIF-R 
tuberculosis tests, and 18 206 (range 17 646–18 803) were 
diagnosed with RIF-R tuberculosis. Among these, in 11 470 
RIF-R tuberculosis was noti"ed and treated, with 5375 (range, 
5355–5395 cases) successfully completing treatment, equiva-
lent to 22% of the estimated burden of RIF-R tuberculosis cases. 
About 16% of individuals with RIF-R tuberculosis (3871) did 
not access diagnostic services, 10% (2395) were lost during the 
diagnostic process, 25% (6095) did not initiate treatment, and 
22% (5375) did not successfully complete treatment.

DISCUSSION

Although the concept of continuity of care [35, 36] and attri-
tion along the care pathway has been deliberated in tubercu-
losis control for many years, there are few published data that 
quantify outcomes [37, 38]. A study on the care cascade in India 
estimated that treatment was completed in 45% of prevalent 
tuberculosis cases in 2013 [37]. Our study estimates that just 
over half (53%) of all tuberculosis cases in South Africa in 2013 
were successfully treated, with substantial losses during tuber-
culosis diagnosis, linkage to care, and retention in care.

In our setting, access to health care and tuberculosis diagnos-
tic services does not appear to be a major impediment because 
testing was not accessed in only 5% of estimated cases. #e 
small magnitude of this gap may re$ect the wide network of free 
public primary healthcare facilities with ready access to tuber-
culosis diagnostic services. #e National Income Dynamics 
Study con"rmed high levels of healthcare access; in the 3 years 
surveyed (2008, 2010, and 2012), only 12.8% of respondents 
had never accessed health services, and 7% with a tuberculosis 
symptom (ie, cough, hemoptysis, fever, severe weight loss, and/
or chest pain) in the last month had not previously accessed 

health services [39]. #is di%ers from "ndings on the tubercu-
losis care cascade in India, which showed that, for more than 
half of the estimated 55% of cases for which treatment was not 
completed, diagnostic services were not accessed [37].

However, there is substantial uncertainty about the burden of 
disease estimate, and the magnitude of this gap in South Africa 
may well be underestimated, as indicated by the wide estimate 
range; at the upper level of the range, the gap could be as high 
as 34%. Estimating the annual burden of disease based on either 
prevalence or incidence data presents challenges. South Africa 
has not had a tuberculosis prevalence survey to date (the "rst 
survey is currently underway). Although tuberculosis preva-
lence surveys o%er the best direct measure of disease burden at 
a point in time, estimating the annual disease burden from this 
would require data on the duration of disease for both HIV-
infected individuals and HIV-uninfected individuals, which 
cannot be determined accurately. In the Indian study, the use 
of point prevalence data and the uncertainty in determining the 
1-year period prevalence were identi"ed as limitations [37].

Direct estimates of tuberculosis incidence are generally not 
"nancially or logistically feasible, requiring prospective cohort 
assessments of several hundred thousand individuals over the 
period of a year [40]. Indirect estimates are therefore used; for 
South Africa, these were based on case noti"cation data and 
expert opinion on case detection gaps (ie, underdiagnosis and/
or underreporting) [41].

Incidence estimates, however, fail to account for undetected 
cases from prior periods that were ongoing in 2013 and that 
contribute to the burden of cases to be identi"ed and treated. 
Our method for estimating the tuberculosis burden (calcu-
lated as the number of incident cases plus 50% of the num-
ber of undetected cases from the previous year) is based on 
the Styblo rule that cases remain infectious for an average of 
2 years, with case-fatality rates of 50% [42]. #is may well be 

800 000

700 000

600 000

N
o.

 o
f 

p
at

ie
nt

s 
at

 e
ac

h 
st

ep
 o

f 
ca

sc
ad

e

500 000

532 005

504 514

435 483

372 577

279 816

100% 95%

Tuberculosis
burden

(all cases)

Accessed 
tuberculosis

tests

Received
tuberculosis

diagnosis

Notified and
treated

Treatment
success

82% 70% 53%

400 000

300 000

200 000

100 000

0

Figure 3. Care cascade for all patients with tuberculosis. This cascade includes 
patients with drug-susceptible tuberculosis and with all types of rifampicin-resis-
tant tuberculosis. The wide confidence interval for the tuberculosis burden reflects 
the World Health Organisation incidence estimates for South Africa, which are 
based on case notification data and expert opinion on case detection gaps. The pro-
portion at each step of the cascade is expressed in relation to the estimated burden.
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Figure 4. Care cascade for patients with drug-susceptible (DS) tuberculosis. The 
proportion at each step of the cascade is expressed in relation to the estimated 
burden.

Downloaded from https://academic.oup.com/jid/article-abstract/216/suppl_7/S702/4595546
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All Forms of TB – South Africa
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AND YET . . .
For MDR-TB and TB/HIV-Affected People, The Situation is Even Worse

S710 • JID 2017:216 (Suppl 7) • Naidoo et al

an underestimate—a systematic review of untreated pulmonary 
tuberculosis in HIV-uninfected individuals estimated a 3-year 
duration to self-cure or death [43]. On the other hand, this is 
balanced by HIV-coinfected individuals (62% in South Africa), 
who are likely to become symptomatic faster, leading to earlier 
detection and treatment [44].

About 13% of all cases were lost between tuberculosis testing 
and diagnosis, partly because of the failure to comply with diag-
nostic algorithms. Despite South Africa being the biggest con-
sumer of Xpert cartridges (procuring more than half of the 7.5 
million cartridges procured globally to mid-2014) [45] and the 
national roll-out of Xpert, <60% of individuals with presumptive 
tuberculosis received an Xpert test. "e remainder were tested 
by less sensitive smear microscopy [13]. Poor compliance with 
the diagnostic algorithm extended to follow-on performance of 
culture (recommended for all HIV-infected individuals with ini-
tial negative test results). A national study undertaken during 
the scale-up of Xpert found that only 14% of Xpert-negative and 
32% of smear-negative, HIV-infected individuals had culture 
performed [16]. "ese lapses have major implications for case 
detection. For example, testing 80% of presumptive tuberculosis 
cases with an Xpert test and 80% of Xpert-negative, HIV-infected 
cases with culture would reduce the number of tuberculosis 
cases missed at this step by almost 32 000. Addressing this gap 
requires both routine HIV testing of presumptive tuberculosis 
cases and monitoring adherence to testing algorithms. Re#ex 
laboratory testing algorithms, in which Xpert is automatically 
used as the $rst diagnostic test among presumptive tuberculosis 
cases and cultures are undertaken for all Xpert-negative, HIV-
infected cases, could also be considered.

An estimated 12% of all cases were diagnosed but not noti-
$ed and treated. "ese 62 906 cases with ILTF exceeded the 
total number of tuberculosis cases noti$ed in 2015 in 5 of 

South Africa’s neighboring countries combined (ie, Botswana, 
Namibia, Lesotho, Swaziland, and Zimbabwe). In the Indian 
study, the 7% with ILTF equated to 212 068 cases [37]. In South 
Africa, the loss at this step was substantially higher among 
RIF-R tuberculosis cases (25%) than among DS tuberculosis 
cases (11%). Diagnostic delay has been reported as one of the 
factors contributing to ILTF [19, 22], and improved adherence 
to algorithms could potentially reduce delay and thus ILTF. 
Fragmented data systems between laboratories and health facil-
ities contribute to poor linkage to care, and system integration 
can improve this. Health system failures, such as poor record-
ing of patients’ contact details, results not being available when 
patients return to the health facility, and poor follow-up of 
patients who do not return for test results [19, 24], should be 
prioritized. In addition, perceptions of poor quality of services, 
including long waiting times and disrespectful sta% attitudes, 
which have been well documented in the public health sector 
[46–51] and contribute to ILTF [52], need to be addressed. 
"ese infectious cases contribute to ongoing tuberculosis trans-
mission and to high mortality rates. Having invested scarce 
$nancial resources in diagnosing tuberculosis, urgent e%orts 
are required to close this gap, to avoid this fruitless expenditure.

"e historical focus of the tuberculosis program on treat-
ment success rates among new, smear-positive cases (which 
accounted for only one third of tuberculosis cases) has resulted 
in insu&cient attention to outcomes for all cases. Although 
treatment success rates for new, smear positive cases exceed 
80%, treatment success rates for all cases are substantially lower. 
One in every four patients initiating tuberculosis treatment did 

HIV infection 
plus DS

tuberculosis
burden

Accessed
tuberculosis

tests

Received
tuberculosis

diagnosis

Notified
and treated

Treatment
success

314 491500 000

450 000

400 000

350 000

300 000

350 000

200 000

150 000

100 000

50 000

0

305 910

257 316

222 678

164 804

100% 97% 82% 71% 52%

N
o.

 o
f 

p
at

ie
nt

s 
at

 e
ac

h 
st

ep
 o

f 
ca

sc
ad

e

Figure 5. Care cascade for human immunodeficiency virus (HIV) co-infected 
patients with drug-susceptible (DS) tuberculosis. The proportion at each step of the 
cascade is expressed in relation to the estimated burden.
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Figure 6. Care cascade for patients with rifampicin-resistant (RIF-R) tubercu-
losis. The RIF-R tuberculosis burden has a wide confidence interval, reflecting a 
multiplier effect when both the confidence intervals for the tuberculosis burden for 
all patients (derived from World Health Organization incidence estimates) and the 
proportion with RIF-R tuberculosis (from the national drug-resistant tuberculosis 
prevalence survey) are taken into account. The cascade reflects all patients with 
RIF-R tuberculosis (including monoresistant, multidrug-resistant, pre–extensively 
drug-resistant, and extensively drug-resistant tuberculosis). The proportion at each 
step of the cascade is expressed in relation to the estimated burden.

Downloaded from https://academic.oup.com/jid/article-abstract/216/suppl_7/S702/4595546
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completion rates (about 50%) [77] in private facilities when compared to the public sector
(~85%), even in the context of public–private partnerships aimed at improving private sector
care.

To decrease Gap 1a/1b, more research is needed to understand the TB diagnostic and refer-
ral practices of private providers, especially AYUSH and informal practitioners who provide
most community-level care [76]. Data from Mumbai suggest that, when they do suspect TB,
most private providers prefer referring patients to public sector TB services or to private chest
physicians with expertise in managing TB [78]. However, a study in Delhi showed that only
one-fifth of unannounced standardized patients presenting to private providers with a classic
TB history were correctly managed with referral to public or private TB services or ordering of
an appropriate TB test (e.g., sputum microscopy) [4].

These findings highlight a need to bridge private providers’ “know–do” gap—the gap
between their intentions and actual practice—to increase referrals to the public sector and case
notifications. Enhanced engagement of the RNTCP with private providers, through robust
continuing medical education initiatives, on-site visits from RNTCP clinicians to review TB
patient management strategies, collaborative efforts at patient co-management with provision
of free medications from the public sector, and incentives to promote referral of TB patients,
may help to reduce this gap. At the same time, the cascade model emphasizes that improving
private sector case notification alone is inadequate; it is equally important to routinely collect
data on treatment outcomes and 1-y TB recurrence for patients treated in the private sector to
monitor this sector’s quality of care.

Fig 11. The tuberculosis cascade of care for multidrug-resistant tuberculosis (MDR TB) patients detected and
treated by the Revised National Tuberculosis Control Programme (RNTCP) in India, 2013. Error bars depict 95%
confidence intervals for each estimate.

doi:10.1371/journal.pmed.1002149.g011

The TB Cascade of Care in India

PLOS Medicine | DOI:10.1371/journal.pmed.1002149 October 25, 2016 27 / 38

MDR-TB Patients – RNTCP in India TB/HIV Patients – South Africa
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MOREOVER . . .
For Children, We Have A Lot Still to Learn, But What We Know is Alarming!

“The TB diagnosis and reporting gap remains unacceptably
high across all age groups, approaching 33% globally, and
remains disproportionately high at 63.3% in children under 5
years of age. Despite some improvement, TB preventive
interventions continue to struggle to reach eligible children
with recent estimates suggesting that only 23% of eligible
children receive TB preventive treatment (TPT).” *

* Amanullah et al., Quality Matters: Redefining Child TB Care With An Emphasis
On Quality, Journal of Clinical Tuberculosis and Other Mycobacterial Diseases,
Volume 17, 2019. Citing WHO Global TB Report, October 17, 2019.

“Children represent a significant but underappreciated
proportion of the DR-TB burden with an estimated 30,000
children becoming sick each year. A meta-analysis of DR-TB
treatment outcomes in children showed that 80% had positive
outcomes; however, fewer than 5% of children with DR-TB
ever start appropriate treatment.” *

“* Harausz EP, Garcia-Prats AJ, Law S, Schaaf HS, Kredo T, et al. (2018) Treatment
and outcomes in children with multidrug-resistant tuberculosis: A systematic review
and individual patient data meta-analysis. PLOS Medicine 15(7): e1002591.

These Cascades Would Be Even Steeper For Children – Across All Forms of Disease

6



THE ARCADY GROUP

SO . . . OBVIOUSLY LOTS OF “OPPORTUNITIES”

• A vaccine

• Better (shorter, more 
forgiving) treatments

• More affordable TPT

• Improved delivery (e.g., 
sustained-released delivery 
systems) of treatments/TPT

• More affordable, more 
scalable “diagnostics”

• More patient-centric, more 
differentiated care – across 
the entire patient journey

All Aspects of TB Care Should Be “Re-Imagined”

https://www.reimaginingtbcare.org/

Website developed under the leadership of the Stop TB Partnership and in 
partnership with McGill International TB Centre and The Arcady Group.

Active TB Care: Re-Imagined

Presumed TB

Rapid 
triage

Rapid Dx 
& DST

Short drug regimens
Patient support & benefits, adverse 

events & comorbidities management

Test for treatment 
response & cure

eTB ICT & dashboard

New vaccine

Systematic 
screening

Re-Imagining TB Care

Early care seeking & 
clinical assessment Sequencing 

confirmation

Updated: 29 October 2019 Page 16

eTB ICT & dashboard

Childhood TB Care: Re-Imagined

Rapid Triage Sputum and non-sputum 
based rapid Dx & DST for 

PTB and EPTB

Re-Imagining TB Care

Test for treatment 
response & cure

New vaccine

Adherence, nutritional & family support
Short drug regimens

Child-friendly formulations

Possible TB

Contact & 
systematic 
screening

Early care seeking & 
clinical assessment Sequencing 

confirmation

Updated: 29 October 2019 Page 17

eTB ICT & dashboard

TB-HIV Care: Re-Imagined

Short drug regimens for TB & 
ART in the same facility

1HP
3HP
4R

TB preventive therapy

No TB

TB

Re-Imagining TB Care

Test for TB cure & 
HIV viral load 
monitoring

New vaccine for
TB & HIV

Persons with suspected TB

Persons with 
new or 
known HIV

Counseling & systematic 
testing for TB & HIV in the 

same facility

Patient support & benefits, adverse events, 
co-infections & co-morbidities management

Rapid Dx for 
TB & DST

TB Triage & 
urine LAM

Sequencing DST 
confirmation

Updated: 29 October 2019 Page 19

https://www.reimaginingtbcare.org/
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COVID-19 AS AN ACCELERATOR

Care for persons affected by TB was already moving away from 

pure facility-based care (e.g., DOT to SAT)

Health facility access challenges during COVID-19 have accelerated 

that shift and forced TB programs to rely on alternative options, such 

as digital health technologies, to rapidly bring required TB services 

to the people and communities affected by TB

Does anyone believe that post-COVID-19 these trends will 

decelerate or reverse?
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THE GOOD NEWS.  LOTS OF DIGITAL TOOLS ARE AVAILABLE!
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INCLUDING MANY SUITABLE FOR PERSONS AFFECTED BY TB
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INTEGRATED DIGITAL ADHERENCE TECHNOLOGIES

Three Independent Entities Have Collaborated to Create 
One System Providing Three Technology 
CHOICES To Patients and Providers
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ONE IMPACT – EMPOWERING COMMUNITIES AFFECTED BY TB
Get Knowledgeable
• Scientific information about TB, 

transmission, prevention and 

treatment

• Myths and Facts about TB

• Frequently Asked Questions and 

Answers from the affected TB 

Community

• Know your Rights

• Messages from people with TB

• Video messages from people who had 

TB

• Tips from people who had TB

Get Access: A TB service locator App 

that helps access nearby TB health 

services

• Find nearby TB health facilities (DOTS 

Centers, Laboratories, Hospitals etc.)

• Access information about the facilities 

(when they open and close etc.)

• Sort facilities by distance
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QURE.AI – AI CHEST X-RAY  

AI interpretation of Chest X-rays for 
screening, triaging and progression 
monitoring of TB & COVID-19

XR

Qure.ai's chest X-ray solution helps in early 
identification of probable TB cases and helps doctors 
in fast-tracking of TB patients for confirmatory 
diagnosis. AI will act as a force multiplier for early and 
fast detection

Dr. Shibu Vijayan,
Director TB/HIV, PATH India
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HYFE: AI-POWERED, PASSIVE COUGH TRACKER 
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TELE-CONSULTATION
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TRUE TELE-HEALTH: GAME CHANGER FOR PATIENTS/CAREGIVERS

We Can Use Well-Respected VOT Tools for More VIRTUAL CARE Right Now!

Some Of The Real-World Advantages of An Asynchronous Approach:

• ‘Check-in’ videos may be recorded according to personal schedules;

• Videos can be uploaded using cellular OR WiFi networks to minimize data charges;

• Videos can be be recorded with or without a network signal;

• Video upload process is fully automated to prevent mistakes or tampering;

• Provider may view videos when convenient and follow up as required.

TalkSpace Online Therapy

Doctors on Demand

LiveHealth Mobile

AmWell Doctor Visits 24/7

Many, Many More –
All Free Apps for Android and iPhones
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CONCLUSION
• Again, LOTS of digital tools are available

• Many may be perfectly appropriate for TB

• The solutions I’ve highlighted were developed by 
people who understand TB, HIV, and people 
affected by both

• We actually have all of the digital tools required 
to meaningfully “re-imagine” care

• COVID-19 has created unprecedented willingness 
to consider digital tools in routine care

• To take full advantage:
• Innovators need to think INTEGRATION – country 

programs cannot string all these “point solutions” 
together 

• Health systems and providers need to embrace 
the vision for largely “at home care”
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