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Abstract

Background: Newer molecular testing platforms are now available for deployment at lower-level community health
centers. There are limited data on facility- and health worker-level factors that would promote successful adoption

of such platforms for rapid tuberculosis (TB) testing and treatment initiation. Our study aimed to assess readiness to
implement onsite molecular testing at community health centers in Uganda, a high TB burden country in sub-Saha-
ran Africa.

Methods: To understand implementation readiness, we conducted a qualitative assessment guided by the Consoli-
dated Framework for Implementation Research (CFIR) at 6 community health centers in central and eastern Uganda
between February and April 2018. We conducted 23 in-depth, semi-structured interviews with health workers
involved in TB care at each health center to assess TB-related work practices and readiness to adopt onsite molecular
testing using the GeneXpert Edge platform. Interviews were transcribed verbatim and coded for thematic analysis.

Results: Participants (N=23) included 6 nurses/nursing assistants, 6 clinicians, 6 laboratory directors/technicians, 1
medical officer, 2 health center directors, and 2 other health workers involved in TB care. Health workers described
general enthusiasm that on-site molecular testing could lead to greater efficiencies in TB diagnosis and treatment,
including faster turn- around time for TB test results, lack of need for trained laboratory technicians to interpret results,
and reduced need to transport sputum specimens to higher level facilities. However, health workers also expressed
concerns about implementation feasibility. These included uncertainty about TB infection risk, safety risks from
disposal of hazardous waste, a lack of local capacity to provide timely troubleshooting and maintenance services,

and concerns about the security of GeneXpert devices and accessories. Health workers also expressed the need for
backup batteries to support testing or charging when wall power is unstable.

Conclusion: Our study generated a nuanced understanding of modifiable contextual barriers and led to direct revi-
sions of implementation strategies for onsite molecular testing. The findings highlight that novel diagnostics should
be implemented along with health system co-interventions that address contextual barriers to their effective uptake.
Pre-implementation assessment of stakeholder perspectives, collaborative work processes, and institutional contexts
is essential when introducing innovative technology in complex health care settings.
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Contributions to the literature

« There are few studies reporting on readiness to imple-
ment health interventions from low-income countries.
We demonstrate the application of CFIR—a widely
used implementation science framework—to iden-
tify potential modifiable barriers to implementation of
onsite molecular testing for TB at community health
centers in a high TB burden setting.

Even though newer molecular testing platforms have
been designed to overcome infrastructure limitations,
additional factors may influence their uptake and effec-
tive implementation.

Implementation strategies for onsite molecular test-
ing at community health centers in low-income coun-
tries should consider health worker perceptions about
safety, identify plans for hazardous waste disposal, plan
for power interruptions limiting charging of batteries,
identify mechanisms to secure testing platforms and
accessories, consider changes to streamline clinical and
laboratory workflows to enable rapid testing and treat-
ment initiation, and engage health center- and district-
level leadership in monitoring performance and pro-
viding oversight.

0

0

Background

TB remains the leading cause of death worldwide claim-
ing an estimated 1.4 million people in 2019 [1]. Of the
10 million estimated annual cases, 3.6 million are unre-
ported or undiagnosed and nearly 38% of those diag-
nosed are lost to follow-up prior to treatment initiation.
Rapid and more sensitive diagnostic tests are critical
to address these follow-up and treatment gaps. Xpert
MTB/RIF (Xpert) is a semi-automated molecular test
that simultaneously detects Mycobacterium tuberculo-
sis complex (MTBC) and resistance to rifampicin (RIF)
in less than 2 h with high sensitivity and specificity [2].
Xpert is now endorsed as a first-line test for TB by the
World Health Organization and has been scaled up rap-
idly in most high burden countries [1]. However, Xpert
scale-up has largely been limited to central health facili-
ties due to power and other infrastructure requirements
not available across all types of clinical sites where TB
patients are evaluated.

Earlier studies of point-of-care Xpert testing reported
faster availability of test results and more rapid treat-
ment initiation for confirmed cases as a key benefit [3].
However, previous versions of the GeneXpert platform
required a stable power supply and a temperature- and
dust-controlled environment, which are lacking at many
community health centers in high TB burden countries
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[4]. Newer Xpert testing platforms with integrated bat-
teries and heat- and dust-resistant design are now avail-
able for deployment at community health centers. There
are limited data on facility-and health worker-level fac-
tors that would promote successful adoption of such
platforms for rapid TB testing and treatment initiation at
community health centers.

Therefore, as part of a larger study whose objective
was to conduct a cluster-randomized trial of a multi-
faceted intervention based around onsite molecular
testing for TB at community health centers in Uganda
[5], we sought to understand health center readiness to
implement onsite Xpert testing and identify strategies to
enhance readiness that could be employed during inter-
vention deployment.

Methods
Study setting and design
The parent trial on which this study is based was con-
ducted in Uganda, which is one of 48 countries consid-
ered to have a high TB burden [1]. Earlier studies that
investigated health system and contextual barriers to
TB diagnosis in Uganda from a health workers perspec-
tive reported that challenges were experienced across
the entire continuum of TB evaluation. Barriers reported
include lack of training among health workers to confi-
dently screen and diagnose TB, regular stock outs of
drugs and other laboratory supplies required for TB diag-
nosis, low health worker motivation, and stigma against
TB patients as the major barriers that required improve-
ment [6, 7]. To understand the readiness for implementa-
tion before launching onsite Xpert testing, we conducted
a qualitative study at participating community health
centers. We selected six of the 20 health centers included
in the trial to participate, aiming for diversity in terms of
health center size and structure and urban vs. rural loca-
tion. All six health centers were located in four districts
in the central and eastern regions of Uganda. Three of the
sites were Level III health centers providing mainly out-
patient services including TB diagnosis and treatment.
The other three sites were Level IV health centers that
also had infrastructure enabling limited inpatient ser-
vices and emergency surgeries. Four of the sites were in
rural districts (sites 1, 3, 4, and 6) and one in urban (site
5) and semi-urban (site 2) districts. All sites were con-
tacted prior to the assessment and agreed to participate.
Study design was informed by selected sub-domains
of the Consolidated Framework for Implementation
Research (CFIR). CFIR is a “determinant framework”
describing constructs that are hypothesized to or have
been demonstrated to influence implementation out-
comes [8]. The framework’s developers identified areas of
similarity and difference across existing frameworks and
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theories and consolidated them to create a framework
that can be used to guide implementation research across
a range of settings [9]. CFIR is a widely used implemen-
tation science framework for the purpose of evaluating
readiness for implementation (i.e., the initial integration
of interventions into settings) [10] and to optimize early
and effective adoption [11], including in sub-Saharan
Africa [12]. Similar to other studies that have employed
CFIR for developing and analyzing qualitative data [13,
14], our study selected CFIR constructs based on our
prior knowledge that the selected domains/subdomains
(intervention characteristics, inner setting defined the
complex features within which the implementation and
interaction was done) were the most relevant to the study
context. The constructs were used to develop the inter-
view guide with relevant topical questions, organize, and
describe the characteristics of the intervention to inter-
viewees, capture perceptions from health workers regard-
ing potential barriers or enablers to implementation, and
develop themes for data analysis and interpretation [15]

Table 1 Key CFIR domains and constructs assessed
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(Table 1). A recent systematic review [10] showed that
CFIR-based assessments during the pre-implementation
phase could help anticipate potential barriers before
large-scale implementation in low resource settings.

Participants

Health workers involved in TB diagnosis and treatment
at the 6 health centers were invited to participate in semi-
structured interviews during planned site visits by mem-
bers of the research team prior to implementation of the
parent trial between February and April 2018. The goal
of the site visits and interviews was to assess clinic work
practices, staff experiences providing TB care, and readi-
ness to adopt and implement onsite Xpert testing. Inclu-
sion criteria were (a) age >18 years, (b) employed by the
health center, and (c) involved in work related to diagno-
sis and management of TB. We used purposive sampling
to select four to five health workers involved in TB evalu-
ation at each health center. We aimed to capture diverse
perspectives towards implementation by selecting health

CFIR domain/constructs

Focus area assessed for Xpert implementation

|. Intervention characteristics

a. Where the intervention originated (e.g., internal or external)
b. Evidence strength and quality

c. Design quality and package

d. Relative advantage

II. Inner setting
a. Structural characteristics
b. Individual stage of change

¢. Compatibility

d. Networks and communication

e. Implementation/learning climate
1) Tension for change

2) Relative priority

3) Organizational incentives and rewards

4) Goals and Feedback

Ill. Characteristics of individuals
a. Knowledge and beliefs about the intervention

Perception of whether the intervention originated externally or as part of the National
TB Program

Assessment of effectiveness of Xpert testing relative to the current TB diagnostic and
treatment approach

Perceptions on simplicity and quality compared to the standard test for TB (sputum
smear microscopy)

Perceived advantages of Xpert testing relative to smear microscopy for TB testing and
diagnosis.

Size of the health facility, number of health workers, and patient population

How site staff perceived their roles and how easily they could change their practices
to accommodate onsite Xpert testing.

Assessment of how patient workload is handled and anticipated impact on workflow
processes to facilitate same day testing and treatment with Xpert.

Opinions on how information shared between individuals, across departments and
in the whole health facility, including formal and informal communication and social
networks (not specific to intervention). How Xpert will impact communication about
TB diagnosis and treatment. Staff teamwork and ability to work together

Degree to which staff perceive their current practices for TB assessment as needing
change.

Shared opinions among health center staff about the importance of implementation
of Xpert in the community health facilities.

Understanding the role of extrinsic incentives in the adoption of new practices and
how they could best be deployed to promote implementation of Xpert.

Assessment of the degree to which facility goals were communicated to staff, acted
upon, and the extent to which performance evaluation from leaders aligned with
goals.

Staff receptivity to Xpert and attitudes and knowledge about key aspects of the
intervention.
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workers with a range of roles including medical offic-
ers (hold a Bachelor’s degree in Medicine and Surgery),
nurses, laboratory technicians, and clinical officers (hold
a Diploma in Clinical Medicine). We obtained written
informed consent from all health workers who partici-
pated in the interviews. The study was approved by the
Makerere University School of Public Health Higher
Degrees Research and Ethics Committee and the Univer-
sity of California San Francisco Committee on Human
Research. Participants received the equivalent of 3 USD
as compensation for their time.

Data collection methods

Two research staff who had prior experience with quali-
tative data collection (CO and TN) conducted interviews
in English, lasting between 1 and 2 h. Interviews were
audio-recorded. In addition, one or both research staff
recorded detailed field notes of their observations of
the physical layout of health centers including the size,
distances between the blocks, and spaces available for
health workers to examine patients. Other observations
included interactions between health workers as they
performed their roles, availability of electricity, and other
ongoing activities at the health centers that might impact
implementation. A debriefing meeting was held among
research staff at the end of each day to review and con-
solidate the field notes. Interviews were professionally
transcribed, and transcripts and hand written field notes
were uploaded into Dedoose version 7.0.23, a web-based
application for managing, analyzing, and presenting
qualitative and mixed method research data [16].

Data analysis

We used a combination of inductive and deductive
content analysis to code and interpret interview tran-
scripts and field notes. Deductive analysis included the
use of CFIR-based constructs to develop categories
that guided the structure of our code book. Transcripts
were read by at least three members of the research

Table 2 Health center and staff characteristics
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team (TN, SA, MH, and PS), guided by the follow-
ing steps: (1) codebook development including both a
priori codes (Relative advantage, complexity, self-effi-
cacy, leadership engagement, tensions for change, and
knowledge and beliefs about the intervention) based
on CFIR constructs and de novo codes (faster turna-
round time for test results, reduced need to transport
sputum samples to higher level health centers, con-
cerns about security of GeneXpert devices and acces-
sories, and safety risks for disposal of hazardous waste)
based on reading transcripts and identifying key top-
ics; (2) applying codes to transcripts, with at least two
independent coders working on each transcript (TN,
SA, MH, and PS); and (3) thematic development using
coded data [17]. Themes were mapped to CFIR con-
structs, with additional categories created as needed
for findings that did not fit within CFIR domains or
constructs. All stages described above were collabora-
tive and differences in interpretation were reconciled
through discussion by research staff (TN, SA, MH,
and PS). Field notes were also coded and analyzed in
a similar manner to provide context for our interview
findings.

Results
Study findings were reported following the standards for
reporting qualitative research (SRQR) guidelines [18].

Participant characteristics
All health workers invited for interviews agreed to par-
ticipate. Health workers who took part in interviews
included 6 nurses/nursing assistants, 6 clinicians, 6
laboratory directors/technicians, 1 medical officer, 2
health center directors, and 2 other staff involved in TB
evaluation (Table 2).

Qualitative results are presented and organized
by themes relevant to the three CFIR domains and

Characteristics Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
Health center level Y I Il Il v
Location Urban Peri-Urban Rural Rural Urban Rural
Population served 36,373 19,801 30,858 62,242 28,100 28,748
Role of participant - Nurse « Nursing assistant - Nurse - Nurse - Nurse - Nurse
« Clinician « Clinician « Clinician « Clinician « Clinician + Medical
« Laboratory tech- - Laboratory director - Laboratory director - Laboratory - Laboratory techni- officer
nician « Community health - Community health  director cian « Clinician
worker worker « Health center - Health center - Labora-
director director tory

director
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Table 3 Perceived barriers and facilitators for adoption of onsite Xpert testing

Barriers

Facilitators

m Unstable electricity
m Disposal of used cartridges

m Insufficient staff at health center to work on anticipated increased patient

workload.
m Security and safety of GeneXpert devices in the laboratory.

m Overwhelming staff enthusiasm for onsite Xpert testing to improve
patient care

m Diverse skill sets of health workers and teamwork

m Supportive and creative health facility leaders

m Fear to use the device without knowledge and training on use and mainte-

nance.
m Anticipated increase in patient testing volume.
m Low staff interest in and attitude towards TB work.
m Need for increased supervision and performance monitoring.

constructs assessed, with key barriers and facilitators
across domains summarized in (Table 3).

CFIR domain: intervention characteristics

Relative advantage

Health workers were all aware of the ongoing scale-
up of Xpert testing in Uganda by the National TB Pro-
gramme and commented that they had more confidence
in Xpert results in comparison to the old technique,
sputum smear microscopy, where TB could be missed.
Xpert testing was also perceived to be simpler than smear
microscopy: “We shall like it because the method we are
using isn’t so friendly” (Laboratory staff, site 3). A lab staff
at site 6 believed that same day testing would improve
the patient-provider relationship by reducing wait times.
She indicated that she and other lab staft often encounter
patients who take out their frustration about delays on
lab staff. Describing herself as “thick skinned,” she none-
theless said she would welcome rapid testing because it
would result in fewer insults from patients. All health
workers at all health centers believed onsite molecular
testing could help overcome challenges including testing
sputum samples quickly and providing results to patients
in a timely manner: “We have been taking samples to
Iganga [for Xpert testing] but I think once it is within our
setting the patient turnaround time will be reduced..”
(Laboratory staff, site 3). Many health workers referred to
the GeneXpert device as something of great value to be
treasured: “Actually we shall keep it like a golden glass”
(Laboratory staff, site 5).

Complexity and adaptability of the intervention

Health workers at five sites, however, expressed concerns
about the skills required to operate the GeneXpert device
and how to troubleshoot anticipated problems with the
devices: “Maybe if the machine is faulty and needs some
repairs that might be normal. So, I dont know whether
you quickly come and pick it then you go and repair it from
there or the repairing will be done from within” (Nurse, site
4). A lab assistant at site 1 emphasized the need for training

to be able to use the GeneXpert device. At three sites, all
lacking reinforcement in their laboratory windows, health
workers noted potential security concerns that made them
reluctant to store valuable equipment. “..the other thing is
security... over the thieves. Because currently we are hav-
ing more thieves” (Laboratory staff, site 5). Lab staff at site
2, which is located within the same compound as the dis-
trict administration, were confident of the security system
at the health center, noting that the site is well fenced off
which would prevent burglary and trespassing. Recom-
mendations suggested by the participants to address the
anticipated security and safety issues included reinforced
windows, door locking systems, and full-time security
guards: “..there may be a need to beef up security in the lab
by putting burglar proof in the windows because currently
they are not locking” (Nurse, site 6). Health workers at
more than half of the sites expressed concerns that power
supply issues could impede implementation. Regular elec-
tricity interruptions, for example, last 2 days or more and
could impact testing and results reporting. At two sites,
the research team observed a clinic without electricity for a
full day (12 h) that patients were requested to return to the
health center for another visit to complete the TB diagno-
sis process. At another site electricity was unstable which
interrupted the sputum testing process. Also, laboratory
staff anticipated challenges with battery life and questioned
the ability of batteries to support testing for an entire day
in the event that power was not available for charging. “...
our electricity system is not stable; we depend on electric-
ity when it is there. When it is not there then everything is
down...So, if we have a backup of power?” (Laboratory staff,
site 6).

Additional concerns included safe disposal of used Xpert
cartridges. At one site, a clinician also working as facil-
ity director expressed concern about the small size of the
health center and lack of space to manage infectious waste:
“does it [the GeneXpert system] have something like waste
generated? How do we manage it?” (Clinician, site 5).
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CFIR domain: inner setting

Self-efficacy

Health workers at half of the sites expressed confidence
that there would be the necessary flexibility among staff
to act in multiple roles to get work done, viewing reduc-
ing TB burden in the community as an important moti-
vator: “..motivation rate is high, case detection is high
and if not in the entire region we are the people heading
in identifying TB” (Laboratory staff, site 2).

A strong belief in teamwork was expressed by health
workers at most sites “..people are motivated to do their
work because there is teamwork and you know when
there is teamwork, when you coordinate things will run
smoothly. So that’s the culture here..” (Nurse, site 6).
However, health workers at two of the sites (sites 1 and 4)
had apprehensions that availability of onsite Xpert testing
would increase the number of patients tested and there
may be insufficient capacity to handle the increased num-
bers: “It is a good program, only that I imagine a situation
when you are on duty alone, you have to attend to those
other patients...now, I don’t know how it will be whereby
they will just be sent to the lab...” (Nurse, site 4). Simi-
larly, a Medical Officer at site 6 felt that the one existing
laboratory staff would be unable to meet the increase in
patients referred for TB diagnostic services he antici-
pated once the intervention was implemented.

Feedback and communication

Health workers at most sites expressed a need for
increased supervision during implementation to ensure
progressive performance improvement: “You know most
of these programs come but supervision during imple-
mentation sometimes is minimal. So, I hope this will
be different..” (Medical Officer, site 6). Meetings were
commonly used at all sites as platforms to disseminate
information. Health workers further recommended that
quality metrics reports could be discussed during regular
meetings to promote quality improvement and perfor-
mance tracking: “..Yes...like the monthly supervisions, if
there is a comment that was made, we discuss that in our
meeting. At such and such a time this was noted not done
or done in a wrong way so, how do we improve? Who is
responsible? Who can help us to be the overseer” (Nurse,
site 1). However, the frequency of meetings varied across
sites and was noted as a potential concern at some sites:
“...it’s supposed to be monthly but I have seen some situ-
ations where we go for three months without sitting”
(Clinical officer, Site 1). At half of the sites (sites 1, 3 and
4) health workers indicated that meetings facilitated
information sharing which could overcome challenges
ranging from staff performance, conflict resolution, and
quality improvement plans. However, the other half (sites
2, 5 and 6) had irregular meeting schedules.
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Leadership engagement

Health workers had divergent opinions about how lead-
ers should be involved in interventions implemented
at their sites. At Site 3, staff felt health center directors
should be accessible to support programs introduced
at the health center. However, participants felt owner-
ship and accountability was lacking since anyone at the
health center could be held responsible for new interven-
tions that were introduced. A laboratory staff explained,
“I would recommend the in charge of the health unit to
get involved because the in charge is in better capacity
to disseminate information to the rest of the staff....” In
contrast, health workers at sites 4 and 1 applauded the
oversight received from district health officers, as artic-
ulated by one clinician at Site 4: “As long as the DHO |
District Health Officer ] is aware, no one is going to sabo-
tage any programme that is good and entering into the
district. Because we serve one purpose and that is our cli-
ent” At the same time, leaders at two health centers (sites
4 and 5) empowered health workers to get involved in
programs of interest to them and even encouraged them
to take leadership roles.

Tension for change

Health workers at all sites acknowledged that onsite
Xpert testing has the potential to solve most challenges
experienced while using smear microscopy and the spu-
tum referral system. Health workers at three sites (sites
1, 4, and 5) believed that onsite testing would reduce
the transportation costs incurred to send sputum sam-
ples for testing at the centralized laboratories “..We shall
minimize the transport costs we have been putting in
for transporting those sputum samples, we shall be able
to release results in time, and it will enable us to at least
increase on the notification rate” (Nurse, site 5). Health
workers at the same sites also noted that with same day
testing, sites will no longer experience delays in patient
results reporting as was the case with smear micros-
copy and sputum referrals. At one site, health work-
ers anticipated that onsite Xpert testing would simplify
work because it would be faster to process the tests while
working on other laboratory related activities, which was
not possible when using smear microscopy processes
that required human involvement at every step of the
process from the beginning to the end. “They [staff] will
like it because it will have simplified the work. Instead of
telling the patient that you go to Kayunga, they will be
attended from here” (Nurse, site 4). Health workers at
all sites identified inconsistent supply of laboratory com-
modities including sputum containers, test cartridges
and TB drugs “.. GeneXpert will be there but we won't
be doing anything. You can’t take a sample using your
hand or a cup..” (Laboratory staff, site 1). One laboratory
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staff at site 2 described high patient satisfaction with the
health center because patients perceive it [health center]
as a district level health center. The participant believed
onsite testing coupled with the convenient location of the
health center would enhance patients’ experience further.
“[Implementing the intervention] will meet my dream”
(Laboratory staff, site 2).

Organizational incentives and rewards

When asked if recognition or other incentives would pro-
mote successful implementation, health workers at all
sites described rewards and recognition as a promising
means of gaining support and commitment from site staff
to implement the intervention. Several types of incentives
were recommended including paper certificates, money,
T-shirts, and food for staff to share at the health center.
The most popular across all sites was money. One site
recommended hosting a meeting for staff from all sites
to enable them to share experiences about the interven-
tion and learn from each other. Despite the unanimous
support for incentives, there was a lack of consensus
across sites about how incentives should be distributed.
For example, a staff at site 6 cautioned that incentives
should be equitably distributed so as not to repeat the
experience of earlier projects, in which incentives were
applied to a selected group of staff resulting in resist-
ance among those who did not benefit. Health workers at
other sites shared the same opinion, as described by a lab
staff: “I later realised that alone may not take me far and
then the little money I could get I would call them and
we share and tomorrow they do better work. They gained
some motivation and that is the way of fighting attitude”
(Laboratory staff, site 2). By contrast, a staff member at
site 2 felt that only those staff involved with TB activities
should be rewarded with a goal of attracting other health
workers to pick up interest and participate in TB related
work.

CFIR domain: characteristics of individuals

Knowledge and beliefs about the intervention

All health workers believed the intervention would give
them more confidence to improve work practices related
to TB diagnosis and treatment. However, health workers
at half of the sites also explained that they did not have
sufficient knowledge to implement Xpert testing without
additional training: “..there is a knowledge gap in some
of the TB health workers in regards to TB..” (Labora-
tory staff, Site 1). A laboratory assistant at the same site
felt that failure to provide training may affect her ability
to use the test even when it would benefit patients. One
laboratory director described how his personal experi-
ence working on TB related activities helped to change
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colleagues’ attitudes toward TB diagnosis and treatment
“...I' had to educate them about the importance...even me
I had poor attitude and that help me to know the kind of
people I am dealing with; I had experience. So, after that
I brought them on board and started teaching them..”
(Laboratory staff, site 2).

Health workers at all sites expressed a need for train-
ing in how the GeneXpert machine works, maintenance,
and related processes pertaining to onsite Xpert testing.
Health workers at site 4 proposed training schedules
that did not overlap with clinical visits for patients. Such
a schedule would provide health workers with sufficient
time to participate in training while not compromising
patient care. “Also, there has to be some training for the
people who are going to be working on the machine since
it is going to be a new machine brought to the lab” (Labo-
ratory assistant, site 1).

Health workers believed GeneXpert training would
create confidence among staff involved in Xpert testing
by increasing their knowledge about TB diagnosis and
treatment. “I think you people now that you have come
you will also be carrying out some sort of education
which will improve the knowledge of our staffs” (Medical
officer, Site 6).

Discussion
Our study to understand facility and health workers’
readiness to implement onsite molecular testing for TB
revealed both similarities and differences across sites in
implementation readiness and key barriers that needed
to be overcome to facilitate effective uptake of onsite
Xpert testing at community health centers in Uganda.
The findings highlight the need for developing and test-
ing co-interventions that target health system barriers
when introducing novel diagnostic technologies for TB at
community health centers in high TB burden countries.
Our study observed overwhelming interest and enthu-
siasm of health workers to participate in implementation
of on-site Xpert testing. Health workers perceived Xpert
testing as a superior technique relative to smear micros-
copy. They believed the new TB testing technique would
make their work simpler and more efficient. In addition,
support and endorsement from district and facility lead-
ers gave health workers confidence in the new platform.
An implementation study in Brazil [19] similarly showed
that health center managers and health workers were
excited following the introduction of onsite molecu-
lar testing. Many of the managers agreed onsite Xpert
testing technology would increase health workers sat-
isfaction with their work. However, these studies were
conducted in health facilities located in cities and mostly
interviewed health workers in senior positions. Our
study involved Level III and IV health centers, which are
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the lowest level health centers that provide TB diagnostic
and treatment services in Uganda. Interviews were con-
ducted with various cadres of health workers involved in
providing TB diagnostic and treatment services.

Although enthusiasm was high, we identified several
key barriers to implementation of on-site Xpert test-
ing. These included issues related to safety, security and
maintenance of GeneXpert devices, concerns about
infection risk and hazardous waste, electricity interrup-
tions, inconsistent supply chain for laboratory commodi-
ties including test cartridges and sputum containers,
inadequate clinical and laboratory workflows to handle
anticipated increases in TB testing, and inadequate per-
formance monitoring and oversight. Our results expand
on findings from similar studies conducted in Mongolia
and South Africa [20, 21] that reported similar barriers
such as stock outs of laboratory supplies and inadequate
trainings for health workers, and highlight specific issues
that can be addressed when deploying point-of-care
molecular testing platforms at community health centers.

Based on our findings, we modified our implementa-
tion strategy to involve district and health center leader-
ship in planning and performance monitoring, thereby
increasing stakeholder engagement. We involved dis-
trict TB supervisors in health worker training to increase
oversight and supervision, and modified training materi-
als to highlight the benefits of onsite molecular testing to
health workers (reduced workload and risk of infection)
as was also done in India [22]. Beyond enhanced train-
ing, our findings highlight the need for developing and
testing co-interventions such as workflow re-design per-
formance feedback and performance-based incentives to
address health system barriers to effective implementa-
tion of onsite molecular testing for TB.

Our study had some limitations. The assessment was
done at only six health centers due to the short time
period that was available to conduct this assessment
before implementation of the cluster-randomized trial.
However, we had balanced selection criteria across rural
and urban health centers, level of health center and a
diverse group of participants. The work was done in a
single country, and additional barriers to implementa-
tion of onsite molecular testing for TB might be present
at community health centers in other high TB burden
countries.

Conclusion

Our study generated a more nuanced understanding
of modifiable contextual barriers and led to direct revi-
sions of implementation strategies for the 20 participat-
ing sites. Findings also prompted the expansion of the
implementation planning and oversight committee to
include more health system stakeholders with the aim of
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improving trust and support for the program, and con-
firmed the need for health system co-interventions such
as streamlining clinic workflows and performance feed-
back being evaluated in the parent trial. For future pro-
grams introducing innovative practices and devices in
complex health care settings, pre-implementation assess-
ment of individual perspectives, collaborative work pro-
cesses, and institutional contexts is essential. Generating
detailed empirical knowledge about the local readiness
for implementation can lead to more effective tailor-
ing of implementation strategies and may contribute to
improved uptake and outcomes.

Acknowledgements

The authors thank participants at all participating health centers, health center
staff, and administrators as well as other collaborators including leadership
and staff at the Uganda National Tuberculosis and Leprosy Programme who
supported the conduct of the study.

Authors’ contributions

TN performed data collection, formal analysis, writing and editing, and
research administration MH participated in formal analysis, review, and editing
and methodology PS participated in formal analysis and methodology; CO
performed data collection; MN performed data collection; TR participated in
the review, supervision, and research administration; AK contributed to the
methodology, supervision, and research administration; AC performed the
reviews, editing, conceptualization, and funding acquisition; SA participated
in the formal analysis, writing, review, editing, and methodology. The authors
read and approved the final manuscript.

Funding

Research reported in this publication was supported by the National Heart
Lung and Blood Institute of the National Institutes of Health under award
number ROT HL130192 (AC).

Availability of data and materials
All data generated and analyzed for this study are available with the cor-
responding author on request.

Declarations

Ethics approval and consent to participate

This study was approved in Uganda by the Makerere University School of Pub-
lic Health Higher Degrees Research and Ethics Committee and by University of
California San Francisco Research and Ethics Committee.

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Author details

1Departmen‘[ of Medicine, School of Medicine, Makerere University College
of Health Sciences, Kampala, Uganda. 2Uganda Tuberculosis Implementa-
tion Research Consortium, Kampala, Uganda. *Department of Epidemiology
and Biostatistics, University of California San Francisco, San Francisco, CA, USA.
4Center for Vulnerable Populations, University of California San Francisco, San
Francisco, San Francisco, CA, USA. *Center for Tuberculosis, University of Cali-
fornia San Francisco, San Francisco, CA, USA. ®Division of Pulmonary and Criti-
cal Care Medicine, San Francisco General Hospital, University of California

San Francisco, San Francisco, CA, USA. 7Departmem of Social and Behavioral
Sciences, University of California San Francisco, San Francisco, CA, USA.

Received: 16 June 2021 Accepted: 19 January 2022
Published online: 02 February 2022



Nalugwa et al. Implementation Science Communications (2022) 3:9

References

1. WHO. Global Tuberculosis Report; 2020.

2. Meawed TE, Shaker A. Assessment of diagnostic accuracy of Gene Xpert
MTB/RIF in diagnosis of suspected retreatment pulmonary tuberculosis
patients. Egypt J Chest Dis Tubercul. 2016;65(3):637-41.

3. Peters D, Theron G, Peter J, Dheda K. Should Xpert® MTB/RIF be rolled
out in low-income countries?[correspondence]. Int J Tubercul Lung Dis.
2012;16(5):702-3.

4. Trébucq A, Harries A, Rieder H. In reply to ‘Should Xpert® MTB/RIF be
rolled out in low-income countries?[Correspondence]. Int J Tubercul
Lung Dis. 2012;16(5):703-4.

5. RezaTF, NalugwaT, Farr K, Nantale M, Oyuku D, Nakaweesa A, et al. Study
protocol: a cluster randomized trial to evaluate the effectiveness and
implementation of onsite GeneXpert testing at community health cent-
ers in Uganda (XPEL-TB). Implement Sci. 2020;15(1):24.

6. NalugwaT, Shete PB, Nantale M, Farr K, Ojok C, Ochom E, et al. Challenges
with scale-up of GeneXpert MTB/RIF® in Uganda: a health systems
perspective. BMC Health Serv Res. 2020;20(1):162.

7. Cattamanchi A, Miller CR, Tapley A, Haguma P, Ochom E, Ackerman S,
et al. Health worker perspectives on barriers to delivery of routine tuber-
culosis diagnostic evaluation services in Uganda: a qualitative study to
guide clinic-based interventions. BMC Health Serv Res. 2015;15:10.

8. Nilsen P. Making sense of implementation theories, models and frame-
works. Implement Sci. 2015;10(1):53.

9. Damschroder LJ, Aron DC, Keith RE, Kirsh SR, Alexander JA, Lowery JC.
Fostering implementation of health services research findings into prac-
tice: a consolidated framework for advancing implementation science.
Implement Sci. 2009;4(1):50.

10. Kirk MA, Kelley C, Yankey N, Birken SA, Abadie B, Damschroder L. A sys-
tematic review of the use of the Consolidated Framework for Implemen-
tation Research. Implement Sci. 2016;11:72.

11. Chambers DA, Glasgow RE, Stange KC. The dynamic sustainability frame-
work: addressing the paradox of sustainment amid ongoing change.
Implement Sci. 2013;8(1):1-11.

12. Means AR, Kemp CG, Gwayi-Chore M-C, Gimbel S, Soi C, Sherr K, et al.
Evaluating and optimizing the consolidated framework for implemen-
tation research (CFIR) for use in low- and middle-income countries: a
systematic review. Implement Sci. 2020;15(1):17.

13. Varsi C, Ekstedt M, Gammon D, Ruland CM. Using the consolidated frame-
work for implementation research to identify barriers and facilitators
for the implementation of an internet-based patient-provider commu-
nication service in five settings: a qualitative study. J Med Internet Res.
2015;17(11):€262.

14. Meyer AJ, Armstrong-Hough M, Babirye D, Mark D, Turimumahoro P,
Ayakaka |, et al. Implementing mHealth interventions in a resource-
constrained setting: case study from Uganda. JMIR Mhealth Uhealth.
2020;8(7).219552-e.

15. Robins LS, Jackson JE, Green BB, Korngiebel D, Force RW, Baldwin L-M.
Barriers and facilitators to evidence-based blood pressure control in com-
munity practice. J Am Board Fam Med. 2013;26(5):539-57.

16. Dedoose Version 7.0.23. Los Angeles CSRC, LLC web application for man-
aging, analyzing, and presenting qualitative and mixed method research
data 2018. Available from: www.dedoose.com Version 7.0.23.

17. BraunV, Clarke V. Using thematic analysis in psychology. Qual Res Psychol.
2006;3(2):77-101.

18. O'Brien BC, Harris IB, Beckman TJ, Reed DA, Cook DA. Standards for report-
ing qualitative research: a synthesis of recommendations. Acad Med.
2014,89(9):1245-51.

19. R.de Camargo K, R. Guedes C, Caetano R, Menezes A, Trajman A. The
adoption of a new diagnostic technology for tuberculosis in two Brazilian
cities from the perspective of patients and healthcare workers: a qualita-
tive study. BMC Health Serv Res. 2015;15(1):275.

20. Rendell NLBS, Ganbaatar G, Dorjravdan M, Pai M, Dobler CC. Implementa-
tion of the Xpert MTB/RIF assay for tuberculosis in Mongolia: a qualitative
exploration of barriers and enablers. Peer). 2017;5:e3567.

21. Albert H, Nathavitharana RR, Isaacs C, Pai M, Denkinger CM, Boehme CC.
Development, roll-out and impact of Xpert MTB/RIF for tuberculosis:
what lessons have we learnt and how can we do better? Eur Respir J.
2016;48(2):516-25.

Page 9 of 9

22. Raizada NSK, Sreenivas A, Vadera B, Gupta RS, Parmar M, et al. Feasibility of
decentralised deployment of Xpert MTB/RIF Test at Lower Level of Health
System in India. PLoS One. 2014;9(2):e89301.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



http://www.dedoose.com

	Readiness to implement on-site molecular testing for tuberculosis in community health centers in Uganda
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Contributions to the literature
	Background
	Methods
	Study setting and design
	Participants
	Data collection methods
	Data analysis

	Results
	Participant characteristics
	CFIR domain: intervention characteristics
	Relative advantage
	Complexity and adaptability of the intervention

	CFIR domain: inner setting
	Self-efficacy
	Feedback and communication
	Leadership engagement
	Tension for change
	Organizational incentives and rewards

	CFIR domain: characteristics of individuals
	Knowledge and beliefs about the intervention


	Discussion
	Conclusion
	Acknowledgements
	References


