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Abstract 

Background:  Tuberculosis case-finding interventions often involve several activities to enhance patient pathways, 
and it is unclear which activity defines the type of case-finding intervention. When conducting studies to identify 
the most effective case-finding intervention it is important to have a clear understanding of these interventions for 
meaningful comparisons. This review aimed to construct a systems-based logic model of all pathways to tuberculosis 
case detection through a synthesis of intervention designs.

Methods:  We identified an existing systematic review on the effectiveness of interventions to increase tuberculosis 
case detection and updated the search from December 2016 to October 2020. We included randomized controlled 
trials, as these designs encourage detailed description of interventions. Taking each study in turn, intervention 
descriptions were read in detail. The texts were analysed qualitatively by constantly comparing emerging codes to 
construct patient journeys, visualized as logical chains. Actions taken as part of interventions were positioned along 
patient journeys to theorize the sequence of outcomes. Patient journeys formed the basis of the model, which was 
refined through discussion.

Results:  Based on intervention descriptions from 17 randomized controlled trials, our model distinguishes two care-
seeking pathways and four screening pathways. An open invitation to people with tuberculosis symptoms creates 
care-seeking pathways. On care-seeking pathways, systematic screening can be conducted at general health services, 
but not at specific TB care services. People invited to tuberculosis services regardless of symptoms follow tuberculosis 
screening pathways and may be identified with presumptive tuberculosis even if they do not seek care for tubercu-
losis symptoms. Tuberculosis screening pathways include screening offered to all people accessing care at general 
health services, screening at a mobile clinic or health facility with open invitation to a whole population or tuberculo-
sis contacts, screening personally offered to a whole population or tuberculosis contacts at home, work or school, and 
screening offered to people receiving care for human immunodeficiency virus or other clinical risk-group care.

Conclusion:  This systems-based logic model of tuberculosis case-finding pathways may support standardized termi-
nology, consistency, transparency and improved communication among researchers, policy-makers, health workers 
and community members when implementing and evaluating interventions to improve tuberculosis case detection.
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Background
Tuberculosis (TB) is a top infectious disease killer on 
our globe, with an estimated 1.4 million deaths in 2019. 
Even though TB is curable, transmission is ongoing and 
disease incidence is declining slowly, with a cumula-
tive reduction of only 9% from 2015 to 2019 [1]. TB case 
detection is a key step in breaking this chain of transmis-
sion, but in countries where the burden of disease is high-
est, resources are limited and operational challenges in 
detecting missing cases are complex. As our understand-
ing of interventions to decrease barriers and enhance 
pathways to TB case detection evolves, the terminology 
used to explain these interventions also evolves.

The current TB case detection framework depicts two 
pathways to case detection, namely the patient-initiated 
pathway and a complementary provider-initiated screen-
ing pathway [2, 3]. The term “patient-initiated pathway” 
was introduced in 2011 to improve the previously used 
term “passive case finding”, because the health system 
is not passive in its response to patients actively seek-
ing care [2]. This pathway is initiated by a person expe-
riencing and recognizing TB symptoms. It requires 
people to access an appropriate health facility where a 
health worker may identify them having presumptive 
TB and respond appropriately using a diagnostic algo-
rithm to confirm diagnosis. After WHO abandoned 
“indiscriminate” mass screening in 1974 due to ineffi-
ciency of screening in low-burden populations and lack 
of basic diagnostic and treatment services in high-bur-
den settings, interventions focused on enhancement of 
the patient-initiated pathway to TB case detection [4]. 
Screening interventions were offered mainly to TB con-
tacts and people living with human immunodeficiency 
virus (PLHIV). However, in 2013 WHO revisited screen-
ing, and the screening pathway to TB case detection also 
became popular among other high TB-risk groups and 
populations [4, 5].

The screening pathway is described as a provider-ini-
tiated pathway, because the health system actively seeks 
out people with presumptive TB. “Systematic screening 
for active TB is defined as the systematic identification 
of people with suspected (presumptive) active TB, in a 
predetermined target group, using tests, examinations 
or other procedures that can be applied rapidly. Among 
those screened positive, the diagnosis needs to be estab-
lished by one or several diagnostic tests and additional 
clinical assessments, which together have high accuracy” 
[5]. Screening may target different groups of people, can 

be applied in different settings and includes activities 
like health promotion and training of lay health workers 
[3, 5]. Definitions of TB screening interventions often 
reflect their different characteristics. Contact investi-
gation describes screening of TB contacts, intensified 
case-finding (ICF) activities include screening of PLHIV, 
active case finding (ACF) is defined as systematic screen-
ing activities mostly outside health facilities, and pas-
sive case finding (PCF) with an element of systematic 
screening refers to screening of patients seeking care [3, 
5–8]. Although “case finding” has been described as syn-
onymous with “screening”, not all types of case-finding 
interventions are defined as screening interventions [9, 
10]. For example, enhanced case finding (ECF) refers to 
TB information being made available to communities via 
health promotion activities to improve TB health-seeking 
behaviour and may or may not be combined with screen-
ing [5]. There is no clear distinguishing factor separating 
all the different case-finding interventions, and possible 
overlap exists. To detect TB along the patient-initiated 
pathway, the health system has to respond appropriately 
to patients actively seeking care, but exactly how a health 
system actively seeks TB patients and the appropriate 
response of people approached by a health system seek-
ing TB patients is unclear. Screening pathways to case 
detection are depicted simply as pathways other than 
those initiated by the patient [3].

When conducting studies to identify the most effec-
tive, cost-effective, acceptable or feasible TB case-finding 
intervention it is important to have a clear understanding 
of these interventions for meaningful comparisons. This 
review aimed to construct a systems-based logic model 
of all pathways to TB case detection through a synthesis 
of intervention designs.

Methods
The methods and findings of this review are reported 
in line with the ENTREQ (Enhancing transparency in 
reporting the synthesis of qualitative research) statement 
[11].

Criteria for considering studies for this review
Any intervention aimed at improving early TB case 
detection at the community or primary healthcare level 
was included. Interventions aimed at improving TB 
case detection at the inpatient or laboratory level were 
excluded. Studies had to report on TB case detection as 
an outcome measure. The definition of a TB case was 
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not restricted; however, latent TB infection (LTBI) and 
extrapulmonary TB were excluded. Only studies in coun-
tries with high TB burden, with an annual TB incidence 
of more than 10 cases per 100  000, were included [12]. 
Study design was restricted to individual or cluster-ran-
domized controlled trials for analysis, where interna-
tional reporting standards [13] guided by a checklist [14] 
encourage detailed description of interventions and suf-
ficient information to deduce which pathway participants 
were following [15].

Identification and selection of relevant studies
To avoid duplication of reviews, we first looked for exist-
ing reviews on this topic. We identified a Cochrane 
review aiming to evaluate the effectiveness of different 
strategies to increase TB case detection by improving 
access to TB diagnosis at primary healthcare or commu-
nity-level services [16]. The authors included randomized 
and non-randomized controlled studies that assessed any 
intervention aimed at improving access to a TB diagnosis 
compared with no intervention or an alternative inter-
vention. The review included the following comparisons: 
outreach TB screening with or without health promo-
tion activities versus no intervention; health promotion 
activities versus no intervention; staff training compared 
to none; outreach TB screening versus health promotion; 
outreach clinic versus house-to-house screening; ACF 
interventions versus no intervention; and outreach TB 
services versus no intervention. The search was done in 
December 2016, and the review did not compare differ-
ent types of screening interventions or different patient 
pathways.

As the search for studies for the review by Mhimbira 
et al. was done in December 2016, the same search was 
updated, using no language restrictions, in CENTRAL, 
MEDLINE and Embase from December 2016 to 6 Octo-
ber 2020. Search terms included “tuberculosis” and “case 
detection” or “case finding” or “systematic screening” 
(Additional file  1). Reference lists of included studies 
were searched.

Inclusion criteria were applied to the included stud-
ies in the Mhimbira review and studies identified by the 
updated search. One author (SVW) screened titles and 
abstracts. Full text articles of potential eligible studies 
were retrieved, and two authors (SVW and NM) assessed 
these articles for inclusion in the review. Discrepancies 
were resolved through discussion.

Data collection and analysis
Our focus of interest was the reported descriptions of 
interventions to identify TB, rather than data to assess 
effectiveness of interventions. Taking each study in turn, 
working in alphabetical order of first author surnames, 

intervention descriptions were read in detail. The texts 
were analysed qualitatively by applying the constant 
comparative method, in which codes applied to each 
text were categorized and their properties and dimen-
sions noted and “constantly compared… with all other 
parts of the data to explore variations, similarities and 
differences in data” [17]. The studies were not appraised 
for their quality, because our interest was in the inter-
vention descriptions and not the assessment of effects. 
Quality assessment focuses on the methods of a study to 
identify imbalances between study groups. The quality 
of the methods could influence effect estimates, but it is 
unlikely that the quality of the methods would influence 
descriptions of the interventions.

Through constant comparative analysis of intervention 
descriptions, we constructed patient journeys that were 
visualized as logical chains or decision trees. Intervention 
activities, namely all reported actions taken as part of the 
intervention, were positioned along these various patient 
journeys to theorize the sequence of potential outcomes. 
Definitions used in our analysis and findings are reported 
in Table 1.

In collaborative virtual meetings between the authors, 
we discussed the codes and evolving pathways, similar to 
methods employed for developing a systems-based logic 
model [18]. We tested the logic of these patient journeys 
by considering how each decision point might apply to 
people with different characteristics: with TB symptoms 
seeking care; with unrecognized TB symptoms; with 
preclinical active TB disease; with HIV. To develop the 
details of the logic model we also tested how decision 
points might apply to people when health workers use 
different screening tools and different diagnostic tools. 
This required theoretical sensitivity bearing in mind aca-
demic and clinical knowledge about working with mar-
ginalized groups. Thinking was further facilitated by early 
visualizations being refined by a professional designer 
to make clearer how the different pathways of the logic 
model were interrelated. Finally we compared pathways 
in the model to existing case-finding definitions.

Results
Identification of studies
The Mhimbira review included nine randomized con-
trolled trials and our updated search identified eight new 
randomized controlled trials of interventions to improve 
early TB case detection at the community or primary 
healthcare level in countries with high TB burden (Fig. 1).

Description of studies
The details of excluded studies and characteristics of 
included studies are provided in Additional files 2 and 
3: Table  S1, respectively. Terminology used to describe 
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interventions in included studies was inconsistent. It did 
not reflect whether an intervention could be classified as 
a screening intervention and could not be used to group 
similar interventions or distinguish dissimilar interven-
tions (Additional file 3: Table S2).

Logic model and pathways
Here we present (1) the overall systems-based logic 
model summarizing the pathways to TB case detection, 
and (2) a description of how the model was derived from 
the data and (3) how pathways differ from existing TB 
case-finding definitions.

1.	 The overall systems-based logic model

	 Our model (Fig. 2) distinguishes six pathways to TB 
case detection, namely two care-seeking pathways 
and four screening pathways.

	 Care-seeking pathways include the general care-
seeking pathway and the TB care-seeking pathway. 
The general care-seeking pathway is initiated by 
patients experiencing and seeking care for any health 
problem, including TB symptoms, at general health 
services where health workers make individual diag-
nostic decisions based on routine assessment, namely 
history-taking and examination, of patients. The TB 
care-seeking pathway is initiated by TB services, at a 
health facility or mobile clinic, with open invitation 
to people with TB symptoms. The TB care-seeking 
pathway improves access to TB diagnostic services 
for people seeking care for TB symptoms specifically. 
Care-seeking pathways may miss people with active 
TB who do not seek care for TB symptoms, and these 

pathways can be enhanced with TB health promo-
tion. On the general care-seeking pathway, TB case 
finding can be improved by systematic screening of 
all people accessing care, but on the specific TB care-
seeking pathway, the group accessing care is self-
selected and systematic screening is not feasible.

	 TB screening pathways are initiated by services 
inviting people to TB screening regardless of symp-
toms. By inviting people regardless of symptoms, 
people without TB symptoms or symptoms not rec-
ognized as possibly due to TB could be identified 
with presumptive TB, depending on the sensitivity 
of the screening tool. Our model distinguishes four 
TB screening pathways: TB screening offered to all 
people accessing care at general health services, TB 
screening at a mobile clinic or health facility with 
open invitation to a whole population or TB con-
tacts, TB screening personally offered to a whole 
population or TB contacts at home, work or school, 
and TB screening offered to people in HIV care or 
other clinical risk-group care.

	 HIV counselling and testing added to TB screening 
at general health services or dedicated TB screen-
ing services may enhance pathways to HIV care. 
All pathways can be enhanced via improved access 
to TB diagnostic services, and all pathways can be 
enhanced via health system strengthening. Multiple 
strategies to enhance TB case detection may result 
in a combination of pathways to TB case detection 
within one community.

2.	 How the model was derived from the data

Table 1  Definitions used in the analysis and findings

Systematic screen-
ing for active TB

“The systematic identification of people with suspected (presumptive) active TB, in a predetermined target group, using tests, 
examinations or other procedures that can be applied rapidly. Among those screened positive, the diagnosis needs to be estab-
lished by one or several diagnostic tests and additional clinical assessments, which together have high accuracy.” [5]

A screening tool Tests, examinations or other procedures used for systematic screening for active TB. Examples of TB screening tools include a 
structured symptom-based questionnaire, chest radiography (CXR) or an algorithm [3]. Algorithms may include sequential or par-
allel tests. With sequential tests, only those who screen positive with the initial test receive a second test. With parallel tests, those 
who screen positive on any of the tests are regarded as positive screens

A diagnostic tool Tests, examinations or other procedures used to establish a diagnosis of TB in people identified with presumptive TB. Examples of 
TB diagnostic tools include a clinical algorithm, sputum smear microscopy, Xpert MTB/RIF assay or culture [3]

TB symptom(s) Any TB symptom, e.g. cough, fever, night sweats, weight loss or combination of TB symptoms as defined by the study authors

Care seeking People seeking care for a perceived health problem

TB care seeking People seeking care for TB symptoms specifically

A risk group Any group of people in which the prevalence or incidence of TB is significantly higher than in the general population. Examples of 
risk groups include a whole population within a geographical area or TB contacts [5]

A clinical risk group Individuals who are diagnosed with a specific disease or condition that increases their risk for TB, e.g. PLHIV

Presumptive TB Identified when a provider identifies a patient with suspected active TB. In the context of screening, a person who screens positive 
is a presumptive TB case



Page 5 of 13van Wyk et al. Health Research Policy and Systems            (2022) 20:7 	

	 Based on constant comparative analysis, interven-
tion activities were coded into activity sets. All coded 
data with references are reported in Additional file 3: 
Table S3. Here we describe sections of the model and 
how each section was derived from these interven-
tion activities.

a.	 Two care-seeking pathways (Model section: Fig. 2; 
dashed pathways)

	 Activities motivating people to attend a ser-
vice include (a) TB health promotion activities, 
(b) service promotion/invitation activities and 
(c) activities to improve availability of a TB ser-
vice, such as mobile TB service (Additional file 3: 

Table  S3, Activity set 1). TB health promotion 
activities focusing on educating people about 
TB symptoms are assumed to raise TB aware-
ness, to improve recognition of TB symptoms 
and to improve recognition on the importance 
of seeking care for TB symptoms. Service pro-
motion or invitation activities and activities to 
improve availability of a TB service are assumed 
to improve access to a service. Based on these 
assumptions and starting with a group of people 
with and without TB symptoms, this decision 
tree predicts how these activities could influ-
ence peoples’ decision to access a service (Fig. 3). 
Two care-seeking pathways are distinguished: 
the care-seeking pathway to general health ser-
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Fig. 1  PRISMA [Preferred Reporting Items for Systematic Reviews and Meta-Analyses] flowchart
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vices, accessed by people seeking care for various 
health problems, including TB symptoms (Fig. 3; 
green boxes), and the TB care-seeking pathway 
to TB diagnostic services, accessed exclusively by 
people seeking care for TB symptoms (Fig. 3; *).

b.	 Care-seeking at general health services may 
include a screening pathway (Model section: 
Fig. 2; green pathways)

	 At general health services, people with TB symp-
toms may seek care for TB symptoms specifically 
or for a health problem other than TB (Fig.  4; 
green box). If a patient does not seek care for 
TB symptoms specifically and a health worker 
does not specifically ask about TB symptoms or 
consider the diagnosis of TB a strong possibility 

when examining a patient, identification of pre-
sumptive TB may be missed (Fig. 4; green dashed 
line). On this pathway, the identification of pre-
sumptive TB depends on the sensitivity of the 
health worker to the possibility of TB, relative 
to the possibility of a diagnosis other than TB. 
This sensitivity could be improved by training, 
logistical support and/or other activities to raise 
TB awareness among health workers (Additional 
file 3: Table S3, Activity 3a).

	 Poor and inconsistent identification of presump-
tive TB by health workers may be bypassed 
by offering TB screening systematically to all 
patients accessing care, regardless of symptoms 
(Fig. 4, green solid line; also see Additional file 3: 
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Fig. 2  A systems-based logic model depicting types of services and associated pathways to TB case detection. The model distinguishes six 
pathways to TB case detection, namely two care-seeking pathways (green and black dashed lines) and four screening pathways (green, blue, 
orange and grey solid lines). People perceiving themselves to have a health problem and access general health services follow the general 
care-seeking pathway, where a provider can identify presumptive TB on routine assessment, i.e. history-taking and clinical examination, of an 
individual patient (green dashed line). People perceiving themselves to have TB symptoms may also follow the specific TB care-seeking pathway 
to TB diagnostic services, where all people accessing care are evaluated for possible active TB (black dashed line). People invited to TB services 
regardless of symptoms follow TB screening pathways and may be identified with presumptive TB even if they do not seek care for TB symptoms. 
Four screening pathways are distinguished: TB screening offered to all people accessing general health services (green solid line), dedicated TB 
screening services with open invitation to a whole population or TB contacts (blue solid line), TB screening offered to target group members at 
home, work or school (orange solid line) and TB screening offered to people living with HIV linked to care (grey solid line). A person who screens 
positive on the TB screening pathway is identified as a presumptive TB case and should receive confirmation of a diagnosis by accessing TB 
diagnostic services
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Table  S3, Activity 3b). The more sensitive the 
screening tool, the more patients would screen 
positive and be identified with presumptive TB.

c.	 Two dedicated TB screening pathways (Model 
section: Fig. 2; blue and orange pathways)

	 Dedicated TB screening services invite all peo-
ple in a target group (whole populations or TB 
contacts), regardless of symptoms. Two types of 
TB screening services can be distinguished, TB 
screening services at a clinic with open invitation 
to a target group and TB screening personally 
offered to target group members at their home, 
work or school.

	 Activities motivating people to attend a screening 
service with open invitation include (a) TB health 
promotion activities, (b) service promotion or 
invitation activities, (c) activities to improve 
availability of a TB screening service, such as 
mobile TB screening service, and (d) incentives 
(Additional file  3: Table  S3, Activity set 2A). 
These activities are added to the decision tree to 
depict how they could enhance the dedicated TB 

screening pathway (Fig. 5; red text). By inviting all 
people regardless of symptoms, the group access-
ing care consists of people with and without TB 
symptoms irrespective of whether they perceive 
themselves to have a health problem (Fig.  5; 
blue boxes); however, TB health promotion may 
increase the proportion of people with TB symp-
toms within the group accessing care.

	 By offering TB screening personally to people at 
their home, work or school, access barriers are 
bypassed, further enhancing the dedicated TB 
screening pathway (Fig. 5; orange boxes). Activi-
ties to enhance TB screening uptake at these 
services include (a) TB health promotion activi-
ties and (b) repeat home visits (Additional file 3: 
Table S3, Activity set 2B).

d.	 TB screening offered to people living with HIV 
(Model section: Fig. 2; grey pathways)

	 TB screening is frequently offered to people liv-
ing with HIV at HIV care services. TB screen-
ing at HIV care services could be enhanced by 
improved HIV diagnosis, linkage to care and 
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Fig. 3  A decision tree to predict how activities (red) could influence TB care-seeking pathways. Starting with a group of people with and without 
TB symptoms and assuming people have to recognize their TB symptoms to seek care for TB symptoms (TB care seeking), this decision tree depicts 
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inviting people with TB symptoms, the group of people accessing care only consists of people recognizing TB symptoms (*)
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retention in care. TB screening at general health 
services or at dedicated TB screening services 
provides the opportunity to add HIV counselling 
and testing with linkage to HIV care. See Addi-
tional file 3: Table S3, Activity set 5 for examples 
from included studies.

e.	 From identification of presumptive TB to diag-
nosis, notification and treatment (Model section: 
Fig. 2; pathways from presumptive TB to TB)

	 People identified with presumptive TB on any of 
the pathways should access TB diagnostic ser-
vices for confirmation of a diagnosis (Fig.  6). If 
presumptive TB cases are identified at remote or 
informal services where diagnostic tools are not 
readily available, people are referred to a health 
facility for diagnosis. People seeking care for TB 
symptoms, who faced access barriers before iden-
tification of presumptive TB, may face the same 
access barriers when referred to a health facil-
ity. Activities to improve access to TB diagnos-
tic services (Fig. 6, red text) include provision of 
diagnostic tools and training of health workers at 
remote and/or informal services, sputum collec-

tion in the community and setting up mobile lab-
oratories. See Additional file 3: Table S3, Activity 
set 4 for examples from included studies.

f.	 Health system strengthening to support pathways
	 Some activities were for strengthening the health 

system to improve TB case detection and to sup-
port the potential increase in TB case detection 
as a result of intervention activities. Health sys-
tem strengthening is dependent on the estab-
lished health system, the type of intervention, 
screening and diagnostic tools used, and planned 
steps for people who screen negative, people who 
screen false positive and people diagnosed with 
TB. Examples of health system strengthening 
include training of lay health workers to conduct 
screening [19], improved storage and transport of 
sputum specimens [20, 21], laboratory strength-
ening, health information system augmenta-
tion, and improved TB treatment and preventive 
therapy support [22]. Also see Additional file  3: 
Table S3, Activity set 6.

3.	 How the pathways differ from existing TB case-find-
ing definitions

IDENTIFICATION OF PRESUMPTIVE TB DIAGNOSTIC PATHWAY

Screen positive
Identification of
presumptive TB 

dependent on the 
sensitivity of the
screening tool

PRESUMPTIVE TB

Identification of presumptive TB dependent 
on the sensitivity of a health worker to the
possibility of TB relative to the possibility of a
diagnosis other than TB

Health worker training could improve
identification of presumptive TB

Diagnosis other than TB

SYSTEMATIC
SCREENING FOR

ACTIVE TB

ROUTINE 
ASSESSMENT

BY HEALTH
WORKER

Screen negative

Target group

Screening
uptake

People with TB symptoms seeking care
for TB symptoms specifically
People with TB symptoms seeking care
for a health problem other than TB
People without TB symptoms seeking
care for a health problem other than TB

TB diagnostic pathway

No presumptive
TB

A screening tool with higher sensitivity could
identify more presumptive TB cases

Fig. 4  Identification of presumptive TB at general health services. The group accessing care at general health services (green box) may include 
people with TB symptoms seeking care for a health problem other than TB (refer to Fig. 3, green boxes). Identification of presumptive TB in 
these patients would be missed if a health worker assesses a patient and does not specifically ask about TB symptoms (green dashed line). TB 
screening systematically offered to all people accessing care, irrespective of their presenting complaint (green solid line), may identify people with 
presumptive TB who do not seek care for TB symptoms specifically. People with presumptive TB may access TB diagnostic services, while people 
who screen negative may follow routine assessment by a health worker
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	 WHO case-finding definitions have evolved over 
the development of successive guidelines. Here we 
look at some older definitions as well as more recent 
refinements to these definitions and how these defi-
nitions link to pathways in the model (Table 2). Our 
model distinguishes more pathways than existing 
definitions.

Discussion
Summary of findings
Through a synthesis of intervention designs, we con-
structed a systems-based logic model distinguishing the 
following case-finding pathways to TB case detection: 
two care-seeking pathways (seeking general healthcare or 
specific TB care), and four provider-initiated pathways: 
(a) screening offered to all people accessing care at gen-
eral health services, (b) TB screening at a mobile clinic 

or health facility with open invitation to a whole popula-
tion or TB contacts, (c) TB screening personally offered 
to a whole population or TB contacts at home, work or 
school, and (d) TB screening offered to people in HIV 
care or other clinical risk group care.

Potential benefits of the new systems‑based logic model
The new model has several benefits. It aligns asymp-
tomatic and non-TB care-seeking pathways with the 
availability of TB screening services. By including these 
pathways, the model depicts the reality of people with 
and without TB symptoms, moving in parallel from seek-
ing care to accessing care. It provides a way to visual-
ize potential relative differences in numbers needed to 
screen and costs depending on the design of the screen-
ing programme, and therefore supports comparison of 
cost-effectiveness between different types of screening 

N
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al
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st

or
y

of
di

se
as

e

People access service for TB screening

TB symptoms

Do not access care

TB care seeking

No TB care seeking

Access care

No TB 
symptoms

No care seeking

Care seeking

a) TB health promotion
activities

b) Service promotion/ invitation activities
c) Improved availability of TB screening service
d) Incentives

Do not access care

Access care

Do not access care

Access care

Do not access care

Access care

b) Service promotion/ invitation activities
c) Improved availability of TB screening service
d) Incentives

b) Service promotion/ invitation activities
c) Improved availability of TB screening service
d) Incentives

b) Service promotion/ invitation activities
c) Improved availability of TB screening service
d) Incentives

People access service for TB screening

People access service for TB screening

People access service for TB screening

People at home, work or school

People at home, work or school

People at home, work or school

People at home, work or school

Fig. 5  A decision tree to predict how activities (red) could influence pathways to dedicated TB screening. Starting with a group of people with 
and without TB symptoms, which represents a target group for screening, e.g. a whole population or TB contacts, this decision tree depicts how 
intervention activities (red text) could influence the group of people accessing TB screening. With an open invitation to a target group regardless 
of symptoms, the group accessing care (blue boxes) may consist of people with and without TB symptoms irrespective of whether they perceive 
themselves to have a health problem and irrespective of whether they seek care; however, TB health promotion may increase the proportion of 
people with TB symptoms within the group accessing care. By offering TB screening personally to people at their home, work or school, access 
barriers are bypassed (orange boxes)
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interventions. The model was developed to include mul-
tiple screening and/or diagnostic tools rather than to be 
tool-specific and, as another benefit, creates the oppor-
tunity to evaluate diagnostic test accuracy of different 
screening tools within a specific type of screening inter-
vention. When evaluating acceptability of screening pro-
grammes, the model provides a way to predict possible 
benefits and harms for people along the pathway to TB 
case detection. It also depicts potential barriers for poor 
uptake of TB screening and could be used as a tool to 
support monitoring and evaluation of TB screening 
interventions.

Another important consideration when thinking about 
screening interventions is equity. Inconsistent identifica-
tion of a high-risk group may result in inequitable access 
to TB screening. A clear objective definition of a high-
risk target group, irrespective of TB symptoms, supports 
offering of screening to all people eligible for screening, 
for example all people within a geographical boundary, 
all people accessing care or all household contacts of a 
TB index case. Such a target group, irrespective of TB 
symptoms, is also depicted in our model. If a high-risk 
group is an unidentified subgroup of a larger population, 
such as smokers, the larger population can be screened 
with an initial question about smoking habits to identify 
all people eligible for further TB screening.

How the new model relates to wider literature
In the literature, many models have been used to explain 
and quantify gaps in TB case detection. The onion model 
is probably the most well known and is used to visual-
ize the fraction of all TB cases that are diagnosed and 
reported to national TB programmes (NTP) [2]. The 

outer layers of the onion represent people who are not 
diagnosed, the more inner layers represent people who 
are diagnosed but not reported to the NTP, and the 
innermost layer represents people who are diagnosed 
and reported to the NTP. Bassilli et al. linked programme 
indicators to the onion model, with different layers rep-
resenting different types of health facilities and the outer 
layer representing undetected cases in the community 
[24]. Wells et al. updated this model in 2017 to show pos-
sible interventions that could be conducted by NTPs to 
find missing cases as patients move from the outside to 
the inside of the onion [25]. This model does not repre-
sent people at health facilities who do not seek care for 
TB symptoms but who may have active TB.

Another model is the care cascade [26, 27]. Care cas-
cades are used to show gaps in the health system where 
TB patients drop out of care before completing TB treat-
ment. It provides a way to monitor TB programmes and 
target interventions to bridge gaps and ensure a con-
tinuum of care. The first gap in the care cascade is the 
case-finding gap [28]. Interventions proposed to bridge 
this gap include ACF in the community, ACF at health 
facilities, ACF of high-risk groups or ACF at private 
facilities. But the care cascade does not explain differ-
ences between these ACF strategies and how one strategy 
would miss cases found by another strategy.

Patient pathway analysis is used as a complementary 
approach to care cascades to align the availability of 
TB services to where patients seek care [26]. However, 
these pathways only include patients seeking care for TB 
symptoms.

None of these models has aligned asymptomatic and 
non-TB care-seeking pathways with the availability of 

Notification and treatment

Improved access to TB diagnostic services, e.g.
Provision of diagnostic tools to health workers
Training of health workers to use diagnostic tools
Sputum collection at outreach site
Mobile laboratory

PRESUMPTIVE TB

Access TB diagnostic services

Do not access TB diagnostic services

TB

False positive screen

No TB

Positive screen

Fig. 6  Pathway from presumptive TB to diagnosis, notification and treatment. This figure shows the section of the overall model after presumptive 
TB is identified. People identified with presumptive TB may be referred from a remote service to a central health facility for diagnosis. Access to TB 
diagnostic services can be improved by activities such as those depicted in red. The figure also shows that people identified with presumptive TB 
(positive screen) who do not have active TB (false-positive screen) will go through unnecessary diagnostic testing. A person diagnosed with active 
TB should be notified and started on treatment
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TB screening services. By including these pathways, the 
new model depicts the reality of people with and with-
out TB symptoms, moving in parallel from seeking care 
to accessing care.

If screening interventions are directly applied to the TB 
patient-initiated pathway without taking parallel asymp-
tomatic and other care-seeking pathways into account, 
“systematic screening” may be misinterpreted and the 
benefit of screening may be missed. The TB patient-ini-
tiated pathway is depicted as a linear pathway starting 
with a patient exposed to TB and experiencing TB symp-
toms, to accessing care at a health facility [3]. People who 
do not seek care for TB symptoms do not reach a health 
facility along this impaired pathway, while the benefit of 
screening is exactly to identify those TB cases not seeking 
care for their TB symptoms. Our review showed that TB 
services offered only to people seeking care for TB symp-
toms are sometimes labelled “screening” or “ACF” ser-
vices if such services are provided outside a health facility 
(Additional file 3: Table S2). If these studies are included 
as ACF interventions in comparisons when analysing 
effectiveness of TB screening [16], the true effectiveness 
of TB screening may be underestimated. Future research 
on effectiveness of different case-finding strategies may 
consider using the different pathways from our model.

Strengths and limitations of the study
Our study has several strengths. Methods were transpar-
ent and combined the strengths of systematic synthesis 
with team development of a logic model. The diverse 
backgrounds of team members supported interpreta-
tion of the interaction between people, providers and the 
health system. Relevant team backgrounds include medi-
cine, social sciences and epidemiology, with experience 
in clinical and primary research work in settings of high 
TB and HIV burden, as well as experience in systematic 
reviews, qualitative evidence synthesis and diagnostic 
and screening methodology.

Our study has some limitations. Interventions targeting 
high-risk groups such as prisoners or refugees were not 
included in the analysis. However, the model is generic, 
and a target group with and without TB symptoms can 
represent all people within a residential institution, 
such as prisons, or all refugees within a camp. Only one 
reviewer screened titles and abstracts, and this may have 
introduced selection bias.

Furthermore, intervention activities were not always 
clearly described in all trials, and some interventions 
could have been misunderstood and misclassified. As we 
did not look at effectiveness as an outcome, bias due to 
misclassification is negligible. On the contrary, inconsist-
ent reporting of intervention activities could be improved 
by using the new model in the future.

Lastly, data on TB preventive therapy and TB treat-
ment support and notification were not presented. This 
was due to two factors: (1) these data were not always 
reported and (2) our intention was to focus specifically 
on the knowledge gap concerning the first part of the TB 
care cascade and not the full pathway to treatment, noti-
fication and cure.

Conclusion
The systems-based logic model of two care-seeking 
pathways and four TB screening pathways may support 
standardized terminology, consistency, transparency and 
improved communication among researchers, policy-
makers, health workers and community members when 
implementing, monitoring and evaluating interventions 
to find missing cases and improve TB case detection.
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