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ABSTRACT

Introduction Most sub-Saharan African countries

endure a high burden of communicable infections but
also face a rise of non-communicable diseases (NCDs).
Interventions targeting particular epidemics are often
executed within vertical programmes. We establish an
Adaptive Diseases control Expert Programme in Tanzania
(ADEPT) model with three domains; stepwise training
approach, integration of communicable and NCDs and

a learning system. The model aims to shift traditional
vertical programmes to an adaptive diseases management
approach through integrating communicable and NCDs
using the tuberculosis (TB) and diabetes mellitus (DM) dual
epidemic as a case study. We aim to describe the ADEPT
protocol with underpinned implementation and operational
research on TB/DM.

Methods and analysis The model implement a
collaborative TB and DM services protocol as endorsed

by WHO in Tanzania. Evaluation of the process and
outcomes will follow the logic framework. A mixed
research design with both qualitative and quantitative
approaches will be used in applied research action.
Anticipated implementation research outcomes include at
the health facilities level for organising TB/DM services,
pathways of patients with TB/DM seeking care in different
health facilities, factors in service delivery that need
deimplementation and the ADEPT model implementation
feasibility, acceptability and fidelity. Expected operational
research outcomes include additional identified patients
with dual TB/DM, the prevalence of comorbidities like
hypertension in patients with TB/DM and final treatment
outcomes of TB/DM including treatment-related
complications. Findings will inform the future policies

and practices for integrating communicable and NCDs
services.

Ethics and dissemination Ethical approval was granted
by The National Research Health Ethical Committee (Ref-
No. NIMR/HQ/R.8a/Vol.IX/2988) and the implementation
endorsed by the government authorities. Findings will be
proactively disseminated through multiple mechanisms

," Scott K Heysell,® Ib C Bygbjerg,® Dirk L Christensen®

Strengths and limitations of this study

» The Adaptive Diseases control Expert Programme in
Tanzania (ADEPT) model implementation underpins
pragmatic research using a mixed study design to
allow triangulation.

» Considers service delivery at varying health facilities
levels while covering urban, semiurban and rural
settings.

» The proposed ADEPT model outcome considers pro-
cess and patient-centred outcomes.

» Lack of randomisation of study settings or health
facilities may introduce bias.

including peer-reviewed journals, and engagement with
various stakeholders’ example in conferences and social
media.

INTRODUCTION

Tanzania like other sub-Saharan African
countries endures a high burden of commu-
nicable infections including multidrug resis-
tant pathogens; but also a concurrent rise
of non-communicable diseases (NCDs) as
populations urbanise, diets ‘westernise’ and
lifespans lengthen.1 The health system is
largely inflexible and during various periods
of disease epidemics, the health manage-
ment teams operate in crisismode with
limited capacity to plan for long-term disease
prevention.2 Currently in Tanzania, planned
interventions for several longstanding and
socioeconomically  draining  infectious
diseases epidemics like tuberculosis (TB) or
HIV, are executed within disease specific or
vertical programmes.3 Vertical programmes
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operate in silos while in reality various communicable
and NCDs and treatments can influence one another, and
overlap in populations of shared genetic backgrounds
or environmental exposures, and in communities with
similar socioeconomic determinants of health. Further-
more, vertical programmes significantly constrain health-
care delivery, and are rarely efficient or cost-effective,
particularly when considering prevailing regional health
challenges.* This sobering fact has been illuminated
in Tanzanian research studies that uncovered a health
system gridlock largely contributed by limited resources
and skills-training for front-line healthcare providers, and
weak linkage to other health services with the subsequent
effect of underuse of technologies.”

Likewise, the prevalence of dual communicable
and NCD epidemics is increasing, yet communicable
clinics are unprepared to deal with dual services.'” '
For instance, the prevalence of diabetes mellitus (DM)
ranged 4%-17% and hypertension ranged 7%-25% in
people leaving with HIV attending clinics in Tanzania
cities, while, in other settings within Tanzania, the prev-
alence of DM ranged 4%-5% and hypertension ranged
22%-30%."'* Likewise, the incidence of dual diagnosed
patients with TB/DM ranges from 4% of all patients with
TB in rural areas to 17% in urban settings."* '* Evidence
has shown that TB/DM death is fivefold higher compared
with patients with TB without DM and that death primarily
occurred early, in the first $months of TB treatment.'* °
This high and early mortality from TB/DM in Tanzania
is due to both programmatic and biological factors."®
The TB and DM services are not linked and these sepa-
rated service lines lead to delayed interventions for both
diseases.'” Biological factors contributing to poor TB/
DM treatment outcomes includes DM-related alterations
in drug absorption and metabolism resulting in subther-
apeutic anti-TB drug serum concentrations, altered
inflammatory/anti-inflammatory host immune defences
and worsened control of hyperglycaemia leading to
uncontrolled DM."™ "

The existing systemic bottlenecks hinder optimal
service delivery particularly in individuals with dual
communicable and NCDs, thus suggesting the urgent
need for modification of models of healthcare delivery.
We developed a model to strengthen health systems by
shifting traditional vertical programmes to a patient
centred adaptive diseases control approach through inte-
grating communicable and NCDs. The model intention is
to integrate technologies and innovations to personalise
treatment and increase impact on quality care through
novel strategies while facilitating the interruption of the
cycle of transmission and mortality in communities.

Henceforth, we describe the strategy to establish
a contemporary Adaptive Diseases control Expert
Programme in Tanzania (ADEPT). The ADEPT model
is likely to pioneer the systems thinking methodology
described by Swanson et al to guide integrative changes in
the health system,”’ and it includes three interdependent
domains; (1) stepwise training approach for knowledge

Learning
systems
/ “\ ‘ g
/= "‘V |
~ Stepwise B
| training | o 7
~ approach .\
\5 ./ /  Perfomance
o ! domain.
M Integration of ~
| communicable
< and NCDs
N o~

L/ \ -
Figure 1 The ADEPT model includes three essential
domains. The performance domain is identified as integration
of communicable and non-communicable diseases. For
effective delivery of adaptive service, the performance
domain requires support by the second and third domains
called a stepwise training approach and learning systems.
The stepwise training approach will ensure the front-
line healthcare providers acquire knowledge and skills
necessary for integrating communicable and NCDs. The
learning system domain should be continuously operating
by including processes like implementation research and
clinical audits which serves as a system lens to continuously
inform the operation of the performance domain. Information
flow including clinical guidelines and new practices will go
through the stepwise training approach. The three functioning
domains create an adaptive service delivery model for the
health system. ADEPT, Adaptive Diseases control Expert
Programme in Tanzania; NCDs, non-communicable diseases.

and skills improvement of the frontline healthcare
providers, (2) adaptive service delivery through inte-
gration of communicable and NCD and (3) continuous
learning and integration of dual communicable and NCD
(figure 1).

The objective of this protocol is to describe the imple-
mentation of ADEPT model using the TB and DM dual
epidemic as a case study in Tanzania with underpinned
applied research questions (both operational and imple-
mentation research) to answer critical scientific ques-
tions of direct patient and public benefit. The protocol
will generate evidence that will subsequently inform the
forthcoming best policies for integrating care of commu-
nicable and NCDs in the country.

Overview of the ADEPT model

The ADEPT model has three components considered as
vital to re-orient the health system to efficiently address
dual communicable and NCDs. Each component is
described as follows;
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v Creation of structures linking with
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Reporting

Outcomes

Integrating dual TB and
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associated co-
morbidities at all levels
of health care system
including the PHC

Rapid adoption of
technologies for
patients management

Minimizing death and
human suffering
through early diagnosis
and treatment of
comorbidities

o Reduction of health

services cost

o Prolonglife expectancy

o Resilient system with

ability in addressing
patients and public
health needs with a
greaterfocus on long
term diseases

prevention

Strengthenlocal
capacity for addressing
health system needs

Figure 2 Logic framework model for measuring outcomes and impact.

A Stepwise training approach: the objective is to improve
knowledge, skills training and resource acquisition for the front-
line healthcare providers to integrate communicable and NCDs at
varying health system levels

This approach follows the ‘classical diffusions of inno-
vation theory’ described elsewhere” and organised
on-job training in two clusters that will stepwise deliver
a logically related set of internationals standards of
patients with communicable and NCDs. The first cluster
consisting of mentors that train to integrate communi-
cable and NCDs. The potential mentors will be selected
by the health managers at the respective health facilities,
preferably working in either a general clinic or TB or
DM clinic. This cluster will also then serve as subsequent
mentors. The initial training is through the e-learning
methodology and predefined proceeding criterion
(score >80% of the online training) to the next phase
which is a face-to-face workshop. The aim of the work-
shop is to expose individuals to acquire hands-on skills
and conduct practical exercises related to clinical services
focusing on algorithms of management or nursing care
and new endorsed technologies. The second cluster will
receive training and mentorship from the first cluster.
The first cluster receives package/materials to train the
second cluster working at the same level or at primary
healthcare facilities.

Adaptive service delivery: the objective is to integrate
communicable and NCDs at varying health system levels

Clinics delivering communicable or NCDs at varying
levels of health facilities will receive training using a
stepwise model. Considerations of infection preven-
tion control will guide a service delivery approach while
considering patient-centred recommendations. The first
clinic will be applicable to clients with TB with or without
other comorbidities. Recognising individuals with non-
communicable lung diseases (CLDs) such as chronic
obstructive pulmonary diseases presenting with features
akin of TB, a separate clinic may need to be organised.
For the TB and CLD clinics, although potentially oper-
ating separately, it is important to maintain the link of
these clinics as an important component of practical
approach of lung health. The third clinic will encompass
all non-TB-non-CLD with or without other comorbidities
including HIV, DM and hypertension. A multimorbidity
team within a health facility will facilitate mechanisms for
screening communicable and NCDs.

Learning system: the objective is to create a platform for reviewing
data and information generated during implementation, and create
a ‘self-repairing’ mechanism

The mentors or first cluster of trainees will have regular
meetings at the regional medical officer (RMO) with
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[ Tools (Diagnostics, Medicines etc.)
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[ Personal capacity (Skills)

1

Staff and Infrastructure

cultural
norms

*

Role capacity, Structural capacity and System capacity

Timeline to implement change is longer below comparedto the upperlevel of the pyramid

Figure 3 Hierarchy of needs for strengthening the health system as described by Potter and Brough.*

attendance of district medical officers and different
programme coordinators; including TB and Leprosy,
NCDs, HIV, malaria and neglected tropical diseases. The
meeting will review the clinical audit and quality improve-
ment reports from health facilities focusing on health
service delivery and identify the gaps for actions. Like-
wise, the coordinators will share on the expected national
targets in their local context. The meeting report will be
submitted to the higher authorities responsible for health.
Currently, the report will be submitted to the Ministry of
Health Community Development Gender Elderly and
Children and the President Office Regional Administra-
tion and Local Government Authority. The report will
be included in the respective national technical working
groups (TWG) for incorporation in the general provision
of technical direction and advice. The relay mechanisms
from the TWG to regions will also be established.

ADEPT model research questions component

The proposed research questions focus on integration
of TB and DM services. The proposed questions cover
the scope of implementation and operational research
sciences.

Implementation research

1. Where is the best place in the HCS system to imple-
ment (or initiate) integration of TB and DM?

2. What is the best approach to deliver on-job training
and facilitate delivery of integration of TB and DM in a
patient-centred approach?

3. What did patients with dual TB and DM experience
and what were their perspectives on services they re-
ceived in the health facilities?

4. What is/are the most effective approach/es to deim-
plement health facility practices that do not support
effective integration of proposed service delivery mod-
el using TB and DM as a case study?

5. What is the feasibility, acceptability and fidelity of the
implemented designed models on TB/DM?

6. What are the effects of therapeutic drug monitoring
on personalised dose adjustment and subsequently on
treatment outcomes?

Operational research in TB and DM

1. How many additional dual TB and DM patients will
be identified during bidirectional screening of TB
and DM services who would otherwise not have been
identified?

2. What are the treatment outcomes of patients with dual
TB and DM with or without HIV compared with other
patients without DM?

METHODS AND ANALYSIS FOR ADEPT MODEL

The protocol deploys the International Union Against
Tuberculosis and Lung Disease and the World Diabetes
Foundation outlined Bali Initiative on TB and DM collab-
orative services that was endorsed by WHO.** The model
will be evaluated using the logic framework developed by
the WHO /US Center for Diseases Control and Prevention
(figure 2).** The design of input and output pillars reflect
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largely on the archetypical work designed by Potter and
Brought for health system strengthening.*” This includes
a four-tier hierarchy with nine-interdependent elements
as depicted in figure 3.

Staff and personnel training

The ADEPT consortium collaborates with the National
Training Centres and hospitals/facilities that provide
advanced/specialised care of patients for executing the
stepwise training approach on TB/DM and associated
comorbidites. Training includes modules delivered as
web-based or m-Health platforms, covering different skills
(eg, clinicians and nurses) and can be updated remotely
should new processes need to be introduced. Healthcare
providers will have endless access and updated alerts
to their mobile numbers or emails prompting them to
complete a new module.

Role, structural and system capacity

Mentors spawned in the stepwise training approach form
a team under the RMO. Together with implementing
partners or stakeholders will conduct regular review on
TB/DM services. The clinical audit programme is built-in
to increase accountability but also as a one of the learning
system components.'' The goal is to guide local decision
but will also be communicated to the ministries respon-
sible for Health and Regional Administration and Local
Government Authorities.

Tools

Supplies for DM were frequently not available or inad-
equately stocked and these including glucometers,
glucostrips, HbAlc devices, therapeutic drug monitoring
supplies, recording and reporting. These tools were
funded temporarily through the Danish International
Development Agency, subsequently health facilities
will take over. TB consumables, supplies and tools were
procured through conventional channels.

METHODS AND ANALYSIS FOR TB AND DM RESEARCH

Study design

Set of implementation research questions

A set of implementation research questions will deploy a
mixed research design, both qualitative and quantitative
approaches. A cross-sectional design will be conducted
for the needs assessment to identify where to provide
clinical management of dual TB/DM and exploring the
patient’s perspective and experience on dual TB/DM
services using in-depth interviews of patients with TB/
DM. A prospective cohort design will be deployed to iden-
tify factors hindering appropriate integration, feasibility,
acceptability and fidelity.

A stepped wedged cluster non-randomised trial design
will be for assessing effect of therapeutic drug moni-
toring for dose adjustment and subsequent treatment
outcome of patients with dual TB/DM. Stepped-wedged
methodology is a design that is preferably used when

implementation and research go hand in hand, espe-
cially with complex medical procedures this is a preferred
approach. A stepped wedge cluster randomised trial
design is the most robust design that is logistically feasible
while providing the level of evidence of efficacy and effec-
tiveness to support further implementation in health-
care.*®  This design helps to minimise ethical issues
related to withholding the optimised care in a traditional
individual randomised trial design and can be considered
of low or negligible risk.

Set of operational research question

Cross-sectional and prospective cohort design will be
conducted through reviewing patients’ registries that
receive bidirectional screening and treatment outcomes
of dual TB/DM, respectively.

Study area

The research project will be conducted in three regions
of Tanzania; Dar es Salaam, Iringa, and Kilimanjaro.
Districts that will participate include Ilala and Kigamboni
for Dar es Salaam, Iringa Municipal, Kilolo and Mufindi
for Iringa and Moshi Municipal, Same and Siha for Kili-
manjaro. We selected areas to affiliate with the workplaces
of the current consortium’s Tanzanian expertise and to
reflect representative population types. Dar es Salaam
is largely a metropolitan while Iringa and Kilimanjaro
selected areas cover rural (Kilolo and Siha), semiurban
(Mufindi and Same) and urban settings (Iringa Munic-
ipal and Moshi Municipal). According to the National
TB survey of 2012, the TB prevalence is high in Dar es
Salaam and in rural settings.” The burden of DM is 9% in
Tanzania but is more common in urban settings.*’

Study outline: set of the implementation research objectives
At least 30 health facilities are needed for reliable and
accurate results therefore each region will contribute at
least 10 health facilities at various levels for integrating
TB or TB/HIV and DM services.”® The catchment area
includes one-referral hospital, three district hospitals
and at least six health centres/dispensaries. Using the
WHO service availability and readiness assessment, the
identified capacity of the health facility will guide deci-
sions on whether the health facility will operate as a “one-
stop shop” defined as TB and DM services provided at
the same time using adjacent rooms, ‘partial integration’
defined as healthcare providers swaps between clinics, or
‘remote integration’ through cross referral of DM to TB
services. Operational infection prevention policy for TB
controls and equipment for monitoring DM to prevent
complications are vital for decision. Entries of TB/DM
integration in TB services or TB/HIV services will be at
the TB and DM clinics.”

In the stepwise training approach, the online course
will have a precourses and postcourses assessment using
the standard questions. Knowledge comparison will be
made pretraining and post-training. During integration
of dual TB/DM, patients receiving services for at least 3
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Implementing Best Practice Package

Integrating dual TB/DM services

Dispensaries

Health centers

District Hospitals

Referral Hospitals -

Control Condition
L Cluster

i Intervention with best practice package

Figure 4 Introduction of integration of TB/DM services
thereafter stepwise introduction of packages comprises of
susceptibility, therapeutic drug monitoring, HbA1c for optimal
TB/DM case management at all levels of health facilities. DM,
diabetes mellitus; TB, tuberculosis.

months will be invited for interview using a guide. Discus-
sion will focus on identifying the pathway the patients
have experienced or encountered of receiving dual TB/
DM services. Patients will be asked to provide suggestions
on pathways and service provision.

Information collected from the need’s assessment and
in-depth interview of participants’ pathways of care will
identify practices that need to be deimplemented. Discus-
sion with the health managers and responsible authori-
ties will be conducted to reinforce deimplementation of
those practices. Pilot of clinical audit focused on deimple-
menting those practices will complement the processes.

Health facilities effectively integrating dual TB/DM
services will enter a next phase of using therapeutic drug
monitoring for personalised dose adjustment to opti-
mise dual TB/DM patient management (figure 4). The
implementation study design will describe the outcomes
of patients with dual TB/DM tested with diagnostics
comprising of susceptibility testing, anti-TB therapeutic
drug monitoring, and HbAIc for monitoring the DM and
guide selection and combination of both anti-TB and
anti-DM drugs. The stepped wedge trial design will be
used for assessing the effect of therapeutic drug moni-
toring will have 3-phases: pre-enrolment phases where
prior to implementation of all facilities will serve as
controls; roll-out period when health facilities cross-over
from control to active implementing the therapeutic drug
monitoring; postrollout when all selected health facilities
will be implementing therapeutic drug monitoring.

TB/DM or TB-HIV/DM individuals will provide base-
line sputum for culture and drug susceptibility testing as
well as smear microscopy. Patients will also test for HbAlc
and renal function test to assess for severity of DM. Two
weeks after starting anti-TB medication, blood will be
collected for therapeutic drug monitoring of anti-TB

3

drugs. Collection of blood will be through dry blood
spot and transported to the Biotechnology Laboratory/
Kilimanjaro Clinical Research Institute through Expe-
dited Mail Services. The dry blood spot collection will
be processed for testing the serum drug levels starting
first with rifampicin using an assay validated according to
international guidelines™ Results will be communicated
before day 21 of anti-TB treatment, and if needed the
anti-TB dosage adjustment will be made. A TDM strategy
suitable for a fixed dose combination (FDC) regimen will
be applied. In summary, the therapeutic drug monitoring
will be performed at week 2 of TB treatment, and based
on plasma concentrations results, the appropriate FDC
tablets can be selected.” ** Serum drug exposure that
differs by at least 25% from target concentrations will be
considered as clinically relevant.”® Therefore, those below
the target will be eligible for dose adjustment. Two weeks
after dose adjustment, the new drug concentrations will
be assayed and determined if having met target.” In the
continuation phase, the appropriate fixed drug combina-
tion of rifampicin and isoniazid can be selected, based
on earlier measured drug concentrations. In addition,
routine pharmaco-vigilance will complement the safety
data of this strategy. TB/DM cases will have monthly
mycobacteriological monitoring for detection of micro-
biological treatment failure. While DM monitoring will
include the assessment of retinopathy, impaired wound
healing (diabetic foot), and nephropathy.*®*” HbAlc and
renal function tests will also be followed at month 3 and 6
to enable further anti-DM regimen adjustment.
Key elements of the ADEPT model (stepwise training
approach, integration of communicable and NCDs and
learning system) will be assessed for the coverage to esti-
mate feasibility, acceptability of different stakeholders on
various stages of the model. Adherence of different algo-
rithms and steps described will be assessed and estimate
the fidelity.
The data collection and analysis will be summarised in
qualitative case record forms while quantitative data will
be available in the Multi-Schema Information Capture
database, which is a customisable format current in use
in Kilimanjaro, utilising secure encryption services (Www.
mysql.com). Data collection, transfer, entry, validation,
queries generation, audit, archival and ownership will be
detailed in specific standard operational procedures as
described elsewhere.” Outcome measures include
» Proportion of health facilities capable of providing
dual TB/DM bidirectional screening with or without
clinical management at varying levels.

» Pathway of patients’ experience and acceptability of
dual TB/DM services.®

» Effect of stepwise training on integration of dual TB/
DM services at varying levels.

» Systemic factors hindering optimal integration of TB/
DM services at varying levels.

» The ADEPT model implementation feasibility,
acceptability of healthcare providers and health
managers and fidelity focusing on proportion of
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registered TB patients screened for DM and vice versa
as portrayed in figure 2.

» Treatment outcomes of patients with TB/DM adjusted
for dosages with results from TDM compared with
those without TDM.

Study outline: set of the operation research objective

People with DM, especially those with sub-optimal control

as defined by HbAlc, will be screened for active TB. The

algorithms for active TB will be applied as described else-
where. """

All people with active TB irrespective of having ‘clas-
sical’ symptoms (polyuria, polydipsia and polyphagia) will
be screened with glucometer and interpretation of results
is as follows; if the random blood/serum glucose (RBG)
<7.8mmol/L orfasting blood glucose (FBG) <6.1 mmol /L
without DM symptoms, blood or serum glucose will be
considered normal. If the RBG is 7.8-11.0mmol/L or
FBG is 6.2-6.9mmol/L, this will be considered as pre-
DM. When RBG is 211 mmol/L or FBG is =7.0 mmol/L
this is DM.* To exclude patients with transient hypergly-
caemia due to cytokine stimulation (false DM diagnosis),
Hb1Ac will be performed in follow-up.'® Individuals with
pre-DM or DM further tested with HbAlc, interpretation
of the results will be as follows; HbAlc of <38 mmol/mol
(£5.6%); 39<48 mmol/mol (5.7%<6.5%) and =48 mmol/
mol (26.5%) will be reported and considered as normal,
pre-DM and DM, respectively.” People with active TB
and pre-DM will be re-evaluated in the mid-term of TB
treatment and TB treatment completion to identify if the
condition has resolved, progressed or remained static; if
pre-DM will have advanced to DM, patients will be treated
according to the DM guideline. The TB Infection Preven-
tion control practice that is applicable in HIV clinics will
be applied.”

An algorithm to identify people with active TB and
high potential for treatment failure, including those with
TB drug resistance and other DM comorbidities, will be
identified and tabled for expert discussion of additional
support mechanisms that can be mobilised. Participants
will be managed according to the collaborative TB/DM
services framework guideline.**

The data collection will be done under routine patient
care in clinics. The outcome measures include;

» Incremental value of bidirectional screening in diag-
nosis of patients with dual TB/DM.

» Proportion of TB/diabetes patients with favourable
outcomes (cured, or treatment complete) or unfa-
vourable outcomes (death, lost to follow-up, treat-
ment failure).

» Proportion of TB/DM with additional comorbidi-
ties such as hypertension, kidney dysfunction and
retinopathy.

Patient and public involvement

Development of this protocol was informed by a series
of research studies that included one study that exam-
ined patients’ experience of health services in the health

facilities.” Findings from the described research objec-
tives will be shared with patients’ organisations for further
refinement before subsequently contributing in shaping
the agenda of effective integration of communicable and
NCDs for policy-makers.
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