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Abstract

Widely available tuberculosis (TB) diagnostics use sputum samples. However, many
patients, particularly children and patients living with HIV (PLHIV), struggle to provide spu-
tum. Urine diagnostics are a promising approach to circumvent this challenge while deliver-
ing reliable and timely diagnosis. This qualitative study in two high TB/HIV burden countries
assesses values and preferences of end-users, along with potential barriers for the imple-
mentation of the novel Fujifilm SILVAMP TB-LAM (FujiLAM, Fuijifilm, Japan) urine test.
Between September 2020 and March 2021, we conducted 42 semi-structured interviews
with patients, health care providers (HCPs) and decision makers (DMs) (e.g., in national TB
programs) in Malawi and Zambia. Interviews were transcribed verbatim and analyzed using
a framework approach supported by NVIVO. Findings aligned with the pre-existing Health
Equity Implementation Framework, which guided the presentation of results. The ease and
convenience of urine-based testing was described as empowering among patients and
HCPs who lamented the difficulty of sputum collection, however HCPs expressed concerns
that a shift in agency to the patient may affect clinic workflows (e.g., due to less control over
collection). Implementation facilitators, such as shorter turnaround times, were welcomed
by operators and patients alike. The decentralization of diagnostics was considered possible
with FujiLAM by HCPs and DMs due to low infrastructure requirements. Finally, our findings
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support efforts for eliminating the CD4 count as an eligibility criterion for LAM testing, to facil-
itate implementation and benefit a wider range of patients. Our study identified barriers and
facilitators relevant to scale-up of urine LAM tests in Malawi and Zambia. FujiLAM could
positively impact health equity, as it would particularly benefit patient groups currently under-
served by existing TB diagnostics. Participants view the approach as a viable, acceptable,
and likely sustainable option in low- and middle-income countries, though adaptations may
be required to current health care processes for deployment.

Trial registration: German Clinical Trials Register, DRKS00021003. URL: https://www.
drks.de/drks_web/setLocale EN.do

Introduction

Tuberculosis (TB) remains the leading cause of death among people with human immunodefi-
ciency virus worldwide [1]. In sub-Saharan Africa, TB accounts for approximately 40% of hos-
pital deaths among people living with HIV (PLHIV), of which more than half are undiagnosed
before death [2, 3]. The current diagnostic standard in countries with high TB burden, includ-
ing Zambia and Malawi, focuses on sputum-based tests which have limitations in diagnosing
TB in particularly vulnerable groups such as PLHIV and children. The recommended sputum-
based TB test in Zambia and Malawi, Xpert MTB/RIF and Xpert Ultra MTB/RIF (Cepheid,
Sunnyvale, CA, USA; henceforth called Xpert), is widely used for TB diagnostics across differ-
ent countries [4]. PLHIV, especially those who are severely ill, and children often cannot pro-
duce sputum, which makes a sputum-based diagnosis challenging. When compounded with
the low sensitivity of smear microscopy, as well as a limited access to molecular diagnostics,
patients often lack a confirmed diagnosis [5, 6]. Moreover, patients suffering from extrapul-
monary TB, are missed by sputum-based testing methods [7, 8].

Urine-based assays that can detect TB-related antigens, namely lipoarabinomannan
(LAM), are a promising approach to overcome sputum-based TB testing challenges. The first-
generation urine-based TB LAM test, Abbott’s Alere Determine TB-LAM (USA; henceforth
called AlereLAM), has shown to reduce mortality from TB disease in patients with advanced
HIV, despite a limited sensitivity, due to timely results and earlier initiation of treatment [9,
10]. A next-generation TB test, the Fujifilm SILVAMP TB-LAM assay (Japan; henceforth
called FujiLAM), also uses urine and offers higher sensitivity compared with AlereLAM for TB
detection in adults with HIV across CD4 count strata, as shown in studies on biobanked sam-
ples [5, 11-13] and in a first prospective study using fresh urine [14]. There is potential value
of FujiLAM in an HIV negative population and potentially also in children [15, 16]. A recent
modelling analysis estimated that 120,000 deaths and 420,000 incident TB cases could be
averted between 2020 and 2035 by implementing FujiLAM [17]. Both FujiLAM and Alere-
LAM tests are rapid and usable without additional instrumentation, however, FujiLAM
involves additional steps (including timed steps), takes longer to perform (50 vs 25 minutes),
and might be more costly (estimated $6 vs $3) [5, 18]. Currently, the use of AlereLAM is rec-
ommended for severely ill patients and immunocompromised patients with low CD4 counts
according to the World Health Organization (WHO) [19]. This requires AlereLAM to be used
in conjunction with blood-based tests to determine the patient’s CD4 count. These aspects do
affect feasibility, usability and acceptance which further affects AlereLAM’s implementation
[20]. A recent survey has shown that only 30% of countries have incorporated LAM-based test-
ing in their policies [21]. FujiLAM is not yet commercially available and is currently evaluated
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for its accuracy in adults and children as part of two multi-center studies led by FIND
(NCT04089423) and the RaPaed TB consortium (NCT03734172).

Failing to consider the perspective of stakeholders, such as patients, healthcare providers
(HCPs), and decision makers (DMs), in the introduction and scale-up of new diagnostics
often results in slow scale-up, inappropriate and limited use, and consequently limited added
value [20, 22, 23]. In this multicenter qualitative study in Zambia and Malawi in public hospital
settings, we explore perspectives on usability and implementation of FujiLAM, for adults and
children (and their guardians) presenting for TB care in the context of a diagnostics accuracy
study on FujiLAM. Findings are presented following the health equity implementation frame-
work [24], with barriers and facilitators described at different levels including the patient, pro-
vider, patient-provider interaction (or the clinical encounter), characteristics of the
innovation, and the healthcare system (inner and outer context). The framework identifies fac-
tors that promote or impede implementation of novel treatments while assessing health equity
aspects.

Methods
Study design, data collection and participants

We conducted 42 semi-structured interviews with participants from Malawi and Zambia
including adult patients living with HIV (PLHIV); guardians of children with presumed or
confirmed TB; healthcare providers (HCP); and national and local decision makers (DM) in
TB programs (Table 1). HCPs included nurses, research assistants, clinicians, and lab techni-
cians. DMs were individuals who held a direct role in the development of national and regional
guidelines, and/or those who made operational and administrative decisions in TB programs
(ministry officials, advisors to ministries, and physicians in senior roles in clinical and non-
profit organizations). In addition, one focus group discussion was held in Zambia with five
health care providers and one lab technician. The study took place in two urban public

Table 1. Participants overview per country.
Country Type of Participant No. of interviewed Participants
ZAMBIA
Health Care Providers (HCP)

Public Urban Hospital Setting Nurses

Research Assistants
Clinicians
Lab Technicians
Decision Makers (DM)
Patients with presumed TB (P)

W NN =

—_
—

MALAWI
Health Care Providers (HCP)

Public Urban Hospital Setting Nurses

Research Assistants
Clinicians
Lab Technicians
Decision Makers (DM)
Patients with presumed TB (P)
Guardians of children with presumed TB (G)

G (DW=

42
https://doi.org/10.1371/journal.pgph.0000672.t001
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hospitals in Malawi and Zambia that provide first line TB and HIV treatment and where, at
the time, patients were enrolled in the FIND diagnostic accuracy study of FujiLAM
(NCT04089423, Clinicaltrials.gov), and the RaPaed-TB diagnostic accuracy study for use in
children (NCT03734172, Clinicaltrials.gov). In order to place our study into context, a descrip-
tion of the health care settings and current Urine-LAM diagnostic algorithms in Malawi and
Zambia is presented in the S1 File.

HCPs, LTs and DMs were purposively sampled from the participants of the prospective
accuracy studies to reflect the various professional cadres. As FujiLAM is not yet commercially
available, no participant had experience with the test outside of a study setting. Patients/guard-
ians were enrolled consecutively based on the availability of prospective TB accuracy study
interview staff. Patients, including minors, were either presumed or recently confirmed to
have TB and thus, under active investigation for TB, or had recently completed a diagnostic
process. Professionals (HCP, LT, DM) involved in the accuracy study were contacted and
invited for an interview. All interviewees or their guardians provided written informed
consent.

Interviews with patients, guardians, healthcare workers and lab technicians were conducted
face-to-face at the clinics by the local investigators (CPM, EH, LC, MK, HS) following semi-
structured interview guides for each user group as follows: for patients and guardians, topics
included background about the patient, diagnostic processes for HIV and TB, sample collec-
tion, time-to-results, accessing facilities for testing and follow-ups. For HCPs, topics included
their knowledge on the current TB diagnostic landscape for PLHIV and children, sample, test-
ing capacity, results, follow-up, diagnostic yield, and specific questions on the FujiLAM Kkit.
Interviews with DMs were held by teleconference (YH) using a semi-structured interview
guide specifically for this group. For DMs, topics included the current TB diagnostic land-
scape, their knowledge on FujiLAM, their views on its feasibility of implementation, and its
potential impact on health equity. Interviews were conducted in English or the local language
and lasted 30 to 90 minutes. After informed consent, all 42 interviews were audio-recorded
and complemented with written notes taken by the local investigator.

Data entry and analysis

Audio files were transcribed and, when necessary, translated into English. YH and FL checked
the files for accuracy and requested edits or clarifications as needed. Once data saturation was
reached, data collection concluded and the team followed a 5-step analysis approach as out-
lined by Pope et al. [25]. YH and FL each immersed themselves in the data by reading and re-
reading transcripts (Step 1), and then began discussing codes (Step 2). Some codes were
deductive, drawn from the interview guides and broader research aims, but as line-by-line
coding commenced, coding was also inductive: as new ideas emerged, they were added to the
codebook and applied across the full dataset (the codebook is included as a supplement (see S2
File). YH and FL used NVivo 13 to support coding. Subsequently, the coded material was orga-
nized into themes using thematic analysis (Step 4) [26-28].

The analysis was conducted by YH, FL and MCN, and closely supervised by NE and CMD.
This fuller team discussed the themes and sought to identify existing theories or frameworks
that could guide presentation of the data (Step 5), ultimately identifying the Health Equity
Implementation Framework [24]. The HEIF draws together conceptual guidance from imple-
mentation science and health disparities literature. Aligning with the HEIF, data were divided
into barriers and facilitators, including those that are unique to vulnerable populations [24,
29], such as children and PLHIV. We consider facilitators as factors that enable the implemen-
tation of evidence-based interventions [30]. Also, data were arranged according to
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determinants of implementation [31] at the levels of: (1) context (e.g. system-level mandates
that might overwhelm staff, or a clinic culture’s openness to changing practices); (2) recipients
(e.g. patients and guardians); and (3) characteristics of the innovation (e.g. regarding the oper-
ation of FujiLAM). Inner factors at the local level can include leadership support for an inno-
vation or feedback processes; while outer context factors relate to the wider health system,
policy, social, regulatory and political infrastructures surrounding the local context [31]. Find-
ings related to the clinical encounter or the interaction between recipients (e.g., patient and
provider) and the innovation itself (e.g., test), proved especially salient in our study and are
detailed in the results.

The data that supports our findings is accessible through the heiDATA network of the Uni-
versity of Heidelberg [32].

Inclusivity in global research

Additional information regarding the ethical, cultural, and scientific considerations specific to
inclusivity in global research is included in the S3 File.

FujiLAM test characteristics and use instructions

FujiLAM is currently being evaluated in prospective diagnostic accuracy studies in adults
(NCT04089423, clinicaltrials.gov) and paediatric patients (NCT03734172, Clinicaltrials.gov).
FujiLAM’s is an instrument-free platform; the test procedure is illustrated in a video and takes
50-60 minutes from start to end (https://www.youtube.com/watch?v=aK-QtzkLBug). In brief,
urine is added to the reagent tube up to the indicator line, mixed, and incubated for 40 min-
utes. Then 2 drops are added to the sample port, and immediately after, button 2 is pressed.
After 3 to 10 minutes, the “go-next” color indicator mark on the reading window turns orange,
and button 3 must be pressed. Within the next 10 minutes, the result is read. The presence of
the control line only is interpreted as a negative result; the presence of the control line plus the
test line is interpreted as a positive result; the absence of the control line is interpreted as
invalid.

Ethics

The study was approved by the Ethics Committee of the Heidelberg University Hospital,
approval number S-003/2020; the University of Malawi College of Medicine Research and Eth-
ics Committee, approval number P.01/19/2569, the University of Zambia Biomedical Research
Ethics Committee, REF. No. 486-2019, and the National Health Research Authority of Zambia
(Lusaka, Zambia). Written informed consent was obtained prior to participation.

Results

We present the perspectives of 42 patients, healthcare providers (HCPs) including lab techni-
cians (LTs), and decision makers (DMs) regarding FujiLAM implementation (Table 1). The
themes are presented within the different levels of the health equity implementation frame-
work and summarized in Table 2 [24]: a) innovation factors, b) clinical encounter, ¢) recipient
factors (patient and providers) and d) context.

Innovation factors

FujiLAM is simple to use but contains too many (time-sensitive) steps for use as a POC
test. Professionals who have operated the test consider it simple, and the steps are easy to fol-
low using manufacturer’s instructions. Therefore, while training is necessary prior to operating
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Table 2. Barriers and facilitators to the implementation of FujiLAM, described by innovation factors, patient-provider interaction (or the clinical encounter), recip-
ient factors (patient and provider), and the context factors (inner and outer).

Innovation factors

Clinical encounter

Recipient Patients

factors

Providers

Context factors (inner
and outer context)

Barriers

The multiple timed steps and increased hands-on time, which may
affect the ability to process in batches (relevant in facilities with high
volume of patients) and for point-of-care testing

The potential shift in agency from the HCPs to the patients during
outpatient sample collection (urine for LAM testing)

Patients need to travel long distances to access TB diagnostics and
treatment

Perceived risk of losses-to-follow-up (e.g., patient do not return with
the sample)
Need for scientific publications to gain trust in FujiLAM

Challenges to same day diagnosis (processes at the lab, staff shortages
or limited staff to process the tests) might not allow point-of-care
diagnosis and treatment initiation during the first encounter, even
with a 1-hour TAT

From the lessons learned from AlereLAM: issues such as limited
availability and difficulties maintaining the supply of the test at the
POC are potential challenges to the deployment of FujiLAM

Limited availability of functioning and private sanitary facilities to
collect samples

Criteria for eligibility to use LAM testing (requirement of CD4 count

like in AlereLAM WHO guideline) is perceived as being too restrictive

https://doi.org/10.1371/journal.pgph.0000672.t002

Facilitators

No need for specific expertise, just a quick training

Result interpretation is considered easy by LTs, and does not require
visual interpretation of test-line intensity as opposed to AlereLAM,
thus perceived as less subjective.

Low maintenance and electricity requirements, since no additional
equipment/machine is needed

1-hour TAT may allow same-encounter diagnosis

Increased sensitivity and high positive predictive value (PPV) to
rule-in TB compared to other LAM-based tests and good diagnostic
yield

Good communication and the feeling of being taken cared for may
be a motivating factor to return to the clinic

Urine is more convenient to produce, compared to sputum
Do not need to face the stigma/ discomfort around sputum samples
Privacy of toilets for urine collection is appreciated

Appreciation of urine as an easy sample for patients to produce

Program directors and other professionals perceive that
implementation could be possible at primary care facilities
No need for laboratory infrastructure

the test, no specific laboratory expertise is needed. In addition, HCPs consider that FujiLAM is
easy to interpret, particularly when compared to AlereLAM. Interpretation of AlereLAM
requires comparison of the result line with a reference scale card, which leads to difficulties
interpreting faint lines, or affecting the quality of results if the reference card is not applied
properly. A DM highlights this as a main barrier of AlereLAM compared to FujiLAM:

“I think the FujiLAM is easier to interpret than the Alere because the Alere has a lot of subjec-
tivity on how you see line, whether it is faint or not. This is not a common issue with Fuji

[LAM]” (DM, Malawi).

Troubleshooting with FujiLAM is also considered straightforward, for example, when the

control line is not present, users know they need to re-do the test. Due to the simplicity of the

test operation and result interpretation, a wide range of HCPs should be able to carry out the
test, for example nurses, independent of laboratory expertise.

However, some users indicate that there are too many timed steps, and the test requires too
much hands-on time. Consequently, professionals suggest that FujiLAM should be operated
by technicians in the lab, not by nurses or clinicians (e.g., at the bedside) as they hold other
roles which could be interrupted while waiting for the timed steps. The number of steps may
also affect the capacity of running multiple tests in parallel (batches) at different times and
therefore limit throughput, particularly in facilities with staffing limitations. These issues are

highlighted by a DM in Malawi:
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“(...) the only limitation is the timing issues that are associated with Fuji[LAM]. If you are at
a high-volume primary health care [facility] where you have so many samples and maybe you
have to run some in bulk [at] different times, it could be complicated (. ..).” (DM, Malawi)

Low infrastructural and maintenance requirements for test operation. The FujiLAM
kit allows running the test without relying on much additional equipment or maintenance
(besides personal protective equipment, urine cup, etc.). This is contrasted with Xpert’s infra-
structure requirements, whose machinery and modules need installation, electricity, and
maintenance, and must therefore be handled by laboratory technicians who received extensive
training to properly manage the devices. For these reasons, professionals consider that Fuji-
LAM is suitable to use in remote areas and decentralized laboratories in Malawi and Zambia.
Some of them recommend that implementation should be prioritized in facilities that do not
have technologies such as Xpert and microscopy, to expand the availability of TB diagnostics
in remote areas. Patients highlight the importance of wide-spread implantation and a DM
summarizes some enablers for FujiLAM’s implementation:

“It has to be introduced in all the facilities whether small or big.” (P, Zambia)

“This test method should be accessible in different areas such as in the villages so that people
shouldn’t be travelling far.” (P, Malawi)

“(...) it [FujiLAM] doesn’t require any supportive equipment; it doesn’t need anything
beyond the fact that you need a room. You don’t need any machine, or any expertise. (.. .) it’s
a fairly easy step-by-step process that once you teach someone, they should be able to do it
with no problems” (DM, Malawi)

However, a potential issue for this is the kit’s storage temperature of 1-35°C which may be
difficult to keep in certain areas of Malawi and Zambia.

FujiLAM’s increased sensitivity and diagnostic yield. The higher diagnostic sensitivity
of the next-generation LAM test drives the desire of professionals to use FujiLAM over Alere-
LAM to correctly identify more TB cases. AlereLAM’s low sensitivity is reported as one of the
reasons for the limited uptake and slow implementation. Patients also appreciate a higher sen-
sitivity as it gives them more comfort that they have been correctly diagnosed. Therefore, Fuji-
LAM’s higher sensitivity is seen as an important factor when evaluating its possible
implementation and is particularly appreciated for hard-to-diagnose patients such as PLHIV
and children:

“I like that FujiLAM is better than AlereLAM because its increased sensitivity is ideal for chil-
dren (. ..) and so at least we have something in our corner which is a little bit better in terms
of performance in children, and also in HIV-positive patients. I think that in our setting it def-
initely helps to fulfil that need that is there.” (DM, Malawi)

In contrast, some DMs consider that a sensitivity of around 60% is still low, and that a
higher sensitivity (at least 70%) should be reached to justify the opportunity cost of a rollout. It
is, however, acknowledged that an imperfect sensitivity can be compensated by combining
FujiLAM with other tests or relying on clinical diagnosis. A DM explains the importance of a
high sensitivity:

“We need a test that is highly sensitive. So, results around 50-60% wouldn’t actually change
anything. If a test has a low sensitivity, it becomes so unreliable. (.. .) If a test misses a huge
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number, it can be costly to rule it [TB] out and it will misguide the decision making. (...)I
think improvement to the FujiLAM is still needed because the sensitivity is higher than the
Alere one but still not where we would like it to be” (DM, Zambia)

Quick turnaround time (TAT). Participants appreciate the possibility of a same-encoun-
ter diagnosis with FujiLAM, given its TAT of less than 1 hour. The importance of prompt diag-
nostic results is underlined by all participants for different reasons. For example, HCPs and
patients likewise state that it would decrease the patient’s stress while waiting and worrying
about the potential outcome of the test, increase patient satisfaction, reduce costs to the
patients for multiple trips to the health care facilities, and reduce loss to follow-up and failure
to initiate treatment, as is the case with currently available diagnostic tests. Clinicians and
DMs suggest that same-day results to inform decision making will potentially decrease the
movement of potentially infectious patients and therefore the risk of spreading TB, while pro-
viding earlier initiation of treatment. Also, same day diagnosis will likely increase the number
of people effectively starting treatment and reduce loss to follow up. Interviewees considered
that the test would fit in their daily routine (urban, public hospital), due to its fast TAT which
allows to quickly confirm suspected TB, including a study clinician in Zambia:

“It [FujiLAM] can, easily [fit in current daily routine]. And it would make work so much eas-
ier because the ones that are highly suspicious, you knew that the test is probably going to
come out positive, you don’t have to wait 24 hours to make a diagnosis. (. . .) So at least it can
help you make a decision right within hours of seeing the patient without having them to
come back the following day.” (HCP, Zambia)

Clinical encounter

A shift in agency from the HCPs to the patients during outpatient sample collection.
The collection of urine, as opposed to sputum or blood samples, is described as “easy” “conve-
nient” and “unproblematic” across groups. However, a potential barrier to implementation
identified by professionals is the shift of agency from the HCP to the patient during the process
of sample collection. In outpatient settings, the LAM sampling process relies on the patient’s
ability to produce the urine sample. However, patients, especially children, may not be able to
urinate on the spot. There is a perceived risk of loss to follow-up or delay in diagnosis in situa-
tions when the patient needs to go home to collect the sample and an overall feeling of loss of
control by the HCP. In contrast, a blood samples (which may be taken for HIV testing) gives
more agency to the HCPs, as the sample can be collected from the patient whenever it suits the
HCP’s workflow. The same applies to inpatient urine collection in catheterized patients.

“You can collect it [urine sample] from anybody, even from a patient who is unconscious.”
(DM, Zambia)

Good communication and the feeling of being taken cared for may be a motivating fac-
tor to return to the clinic. Good communication between the patient and the HCP is a
facilitator in this process, since a patient’s feeling of being taken cared for may be a motivat-
ing factor to return to the clinic for the results and continue follow-up. Some patients con-
sider the time of receiving the results as secondary and prioritize a reliable diagnosis
through the right test and proper sample processing. This variability in how much patients
value the TAT seems to be independent of the distance they must travel to reach the testing
facilities or how sick they feel, but rather their perception that healthcare workers are doing
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their best to achieve an accurate diagnosis. Two patients point out why the time-to-result
may be of secondary importance:

“I didn’t get the results on Friday and today they didn’t give me the results as well. (.. .) I
don’t see it as a problem because they have to test the samples properly” (P, Malawi)

“it’s good that they test and start checking up on you, we are processing your results, maybe
tomorrow or the next day, we will let you know so that will make me see that these people care
about me” (P, Zambia)

Recipient factors: Patients

Urine is more convenient to produce than sputum, but privacy for sample collection is
important. One of the main facilitators for FujiLAM’s implementation is the use of urine as
a sample for TB diagnosis. Sputum samples are known to be difficult to collect, specifically in
children and severely ill adult patients. Patients primarily express discomfort or difficulty to
produce the sputum sample. Sputum induction or invasive procedures to support sputum col-
lection such as gastric aspiration, commonly used in children, are often uncomfortable and
painful for the patient. Therefore, participants see urine-based collection, especially also
among children and adults who cannot produce sputum, as advantageous.

“TB is like a silent killer for people living with HIV, you can’t know what is eating you up but
you will find that you are just getting sick because TB comes with different symptoms. (.. .)
and I was happy that they are now using urine also. I saw that things are changing because I
used to be one of those people who fail to produce sputum that if they fail to produce they can
check in urine (.. .). Urinating is not difficult you just have to drink a lot of water that’s all

.. .now coughing you can’t even force yourself to cough (. ..)” (P, Zambia)

In terms of physical infrastructure to facilitate collection, patients state that privacy is very
important to them, and appreciate the privacy of bathrooms to collect urine. For sputum col-
lection there is usually no designated area to provide the privacy patients wish for. This is par-
ticularly problematic when considering the stigmatization of sputum as a sample in many high
TB burden settings. Nonetheless, privacy challenges inherent to urine collection occur when
sanitary facilities are not functioning, are unhygienic, or are considered unsafe.

Patients may need to travel long distances to access TB care. Many patients seem to
value same-encounter diagnoses because of the inconveniences to reach healthcare facilities
that provide TB care, which is an important consideration when evaluating feasibility of
decentralizing FujiLAM. For example, most patients must reach the hospital on foot, and in
some cases, the distances having to be travelled are extensive. This seems to especially be a
problem in patients who are very unwell from TB and suffer from severe fatigue, who discuss
the inability to walk. While TB testing is free, most patients outside a study setting will have to
cover the cost for transportation to and from facilities. Some patients and guardians com-
plained about not having adequate transport money to travel health facilities. Other study par-
ticipants who could afford to pay their transportation costs to a health facility describe the
journey as sometimes long and having to take multiple minibuses. Additionally, limited trans-
portation infrastructure between rural and central health facilities (such as district and central
hospitals) is described, and patients need to look for alternative facilities, forms of transport or
simply ignore their clinic appointments, leading to undetected cases.
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TB diagnostics strategies for special patient groups, considered hard-to-diagnose, such as
children or patients suffering from extrapulmonary TB, are not available in many clinics in
Malawi. Several interviewed guardians reported having to approach three different facilities
before their child could receive proper screening and care.

Recipient factors: Providers

Appreciation of urine as an easy sample for patients to produce. HCPs acknowledge
that urine is easier to collect than sputum for several patient groups. Invasive procedures to
support sputum collection, such as gastric aspiration, not only are challenging to the patients
but require trained personnel and a license, and relies of additional protective equipment.
Therefore, participants see urine-based collection as advantageous, especially among certain
population groups who find sputum collection more difficult.

Need for scientific publications to gain trust in FujiLAM. DMs point to the importance
of increased awareness, experience and scientific publications on a test that will guide a clini-
cian’s trust for the test used and understanding of FujiLAM. This, in turn, also ensures an
interest in and demand for the test:

“[There] is a self-created demand and more publications are highly required.” (DM, Zambia)

Context factors

Criteria for CD4 count and its potential impact on FujiLAM’s use and implementa-
tion. According to current guidelines, AlereLAM testing is only recommended for a specific
subset of the population of HIV positive patients (defined by CD4 count), which is perceived
as a barrier for implementation by health programs. Requirements of an HIV diagnosis and a
CD4 count for eligibility for FujiLAM testing, would similarly be a limiting factor for its imple-
mentation (DMs). DMs express the wish to drop the CD4 count to determine eligibility of
LAM tests, also based on the consideration that progress in HIV care and current treatment
regimens for PLHIV has led to higher CD4 counts. Furthermore, for pediatric patients, DMs
want a urine test that could be applied regardless of HIV status, due to the difficulty of sputum
production and low proportion of pediatric TB that is currently confirmed. A DM talks about
the drawbacks of having a CD4 count restriction:

“It [AlereLAM] is only applied at a particular population and within that population it is lim-
ited to a population with a low CD4 count. So it becomes quite challenging for programs to
implement it with all these nitty-gritties around it. (.. .) and the current process in HIV is
shifting away from CD4 by a lot. That process in CD4 creates a bias because not every
patient’s CD4 is low. So we need more studies that look more at the clinical definition of who
can benefit from the urine LAM. (. . .) If that restriction on CD4 can just go away, I think that
would be most useful.” (DM, Zambia)

Some DMs and clinicians express the concern that people might start using the test exces-
sively without following the guidelines, thus applying the test in a patient group that is not eli-
gible, e.g. patients whose CD4 count does not meet the criteria, and this would result in
potentially false conclusions from the results. For this reason, DMs in particular highlight the
need for raised awareness and training to increased understanding of the benefits and limita-
tions of this novel test.
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As an alternative to overcome this barrier, a POC test for determining the CD4 count
(Omega’s Visitect CD4 test [33, 34], henceforth called Visitect) was explored. HCPs agree that
the Visitect test can be implemented alongside LAM-tests, since these tests are easy to conduct.
HCPs in Zambia indicate that the fast result of the finger prick test would be of value to inte-
grate into routine diagnostics of hospital visits to have a timely idea of the patient’s immune
status. This, considering that CD4 count testing is usually not available in a routine setting on
the day of admittance.

“I would recommend it [Visitect] especially in the newly diagnosed patients so that it can be
done on the day of enrolment so that we have an idea about the immunity of a patient.”
(HCP, Zambia)

Regardless of turnaround time, same-day diagnoses remain difficult to achieve. As
previously described, LTs and HCPs value the short turnaround time of FujiLAM. However,
even with a quick TAT, same-day diagnosis is difficult to realize. Dynamics related to the pro-
cessing of samples and workflow at the facilities which also affect the delivery of the TB test
results to the patients, may limit a same-day diagnosis irrespective of TAT for a specific test. At
some healthcare facilities, only one lab technician might be available, who then would have to
work through all the samples. This limits the timely processing and reporting of the tests.
Additionally, lab technicians may prefer to test in batches to keep track of samples more easily,
which means that the samples are kept on hold until enough samples are collected to be pro-
cessed together, resulting in diagnostic delays. A clinician explains why it would be difficult
releasing the results the same day, even with a short TAT, by recounting the experiences with
Xpert:

“So those ones like I said, the turnaround time is 24hrs and the test itself is done in 2hrs, but
because there are a lot of samples that they work on and they have to report them, it takes a
bit longer (.. .) this is a facility that has probably like 70 samples that need to be run in a day
so, (.. .) they usually just ask us to give them a 24hr turnaround time to make it easier to
work properly and report.” (HCP, Zambia)

HCPs and DMs consider that FujiLAM will not change the time to results if the issues in
the process of testing and releasing the results on the same day continue. This considering that
FujiLAM only saves one hour compared to Xpert, again indicating that the processes and not
the tests themselves currently prohibit a same day result release.

“Well, I think it [FujiLAM] does help them to access treatment at an earlier stage and I think
it also depends on the effectiveness of the process that is offered at the facility. (. . .). So, if there
is anything that is, you know, hindering that process ensuring that the patients get the result
the same day before they go home then it [FujiLAM] doesn’t really improve anything (.. .).”
(DM, Malawi)

Generating the demand and meeting supply. Participants highlight a need to generate
demand and meet the supply. In Malawi, a decision maker states that the availability of TB
diagnostics is depended on its allocation by the government, and therefore if FujiLAM is not
prioritized at the level of the ministry, health facilities will not pick it up. Furthermore, the
demand for LAM tests needs to be increased by clinicians, which will go together with their
increased knowledge of the test through increased communication and scientific publications
on FujiLAM. HCPs have also noticed some initial reservations on the patient’s side due to the
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unfamiliarity of urine as a sample to detect TB, thus generating awareness among patients who
come for TB testing is also important when implementing LAM testing.

Consequently, once the demand is generated, having an adequate supply chain to serve all
levels of the health care system is critical to meet needs. Due to apparent delivery issues of
AlereLAM, the test is currently only available in small quantities across Zambia. In Malawi, a
similar situation is reported by a head clinician who says that even though AlereLAM is part of
the Malawian Tuberculosis guidelines, it is not routinely available at sites.

Discussion

The results of our study show that overall, the Fujifilm SILVAMP TB LAM test was appreci-
ated by patients, providers, and implementers and could have a positive impact for patients
with presumed TB, particularly for patient groups currently underserved by existing TB diag-
nostics, such as children and PLHIV. Facilitators for implementation include its ease of use
and clear interpretation, short turnaround time, the convenience of urine as a sample, and low
infrastructure requirement. FujiLAM was perceived as suitable for use at decentralized facili-
ties in Malawi and Zambia, with the potential to improve access and equity. The higher sensi-
tivity and diagnostic yield drive the preference of this test over AlereLAM for implementers.
However, some barriers such as the number of the time-sensitive steps, increased hands-on
time and the potential restriction on eligibility based on CD4 count were also identified. We
used the health equity implementation framework to structure our results [24]. We present the
barriers and facilitators with a focus on potential healthcare disparities, and factors that are rel-
evant to these vulnerable groups, to help guide implementation of FujiLAM.

From the recipient (patient) perspective, urine-based LAM testing is generally seen a prom-
ising approach to TB diagnosis, as it reduces the reliance on sputum, a specimen challenging
to provide for many patients [5, 35]. Patients and caregivers describe urine as convenient to
produce compared to sputum. Furthermore, urine has the advantage of being a less stigma-
tized sample. These findings are supported by previous reports on AlereLAM [36] and a recent
analysis showing that a higher proportion of PLHIV were able to produce urine compared to
sputum for TB diagnosis [37]. Introducing a sample that is easier to produce for hard-to-diag-
nose patient groups will have a positive impact on health equity. However, the benefits of
urine as a sample are limited by the availability of sanitary facilities that are hygienic, safe and
ensure privacy. This is relevant for small or rural clinics, since the lack of sanitary facilities
may impede urine collection [38], causing delays in diagnosis and risking loss to follow-up.
This potential loss to follow-up was highlighted by the HCPs, particularly in outpatient settings
and patients such as children, who may not produce the urine sample on command. This
aspect of the patient-provider interaction reveals a shift of agency from the HCPs to the
patients during outpatient urine collection. HCPs value having control over the sample collec-
tion process and are concerned over how this affects workflow in the clinical setting. The shifts
in agency between patients and HCPs should be considered during implementation and when
balancing the needs of different users.

The potential need of a CD4 count cutoff to determine eligibility for LAM testing, was
regarded as a barrier for implementation. This observation was based on current restrictions
of the use of AlereLAM only in PLHIV with a low CD4 count [39]. The additional TAT for
CD#4 testing hinders the use of LAM as a bedside test and may lead to delays or the loss of
patients if they are referred for CD4 testing [40]. Alternative diagnostics to determine CD4
count at POC, such as Omega’s novel Visitect CD4, were used in the study settings as a prom-
ising approach to enable more rapid decision-making at POC [41]. In this context, it is also
important to state that LAM-positive results are often confirmed with Xpert. This is of
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particularly importance in high burden multi-drug resistant TB countries, such as Zambia, as
Xpert can simultaneously determine rifampicin resistance [39], while LAM tests do not sup-
port resistance testing. As previously reported for AlereLAM [36], HCPs and DM:s fear that
restricting the population eligible for LAM testing would limit adoption of FujiLAM if the eli-
gible population is small. Furthermore, CD4 count is not performed in some settings to avoid
diagnostic delays [40] and limit costs [42]. If the recent evidence suggesting a FujiLAM sensi-
tivity in the range of 53 to 75% in HIV-negative patients from endemic TB regions can be con-
firmed, then a recommendation independent of CD4 count and potentially independent of
HIV status might be possible [14, 15]. If not, a careful consideration of optimal operationaliza-
tion in the settings of intended use is critical to maximize the test’s impact. This should include
consistence and clear communication of testing algorithms and guidelines accompanied with
training of healthcare staff.

FujiLAM’s TAT of under 1 hour is an innovation factor appreciated by the operators and
decision makers since it theoretically allows delivering the results to the patient on the same
day or same clinical encounter. POC tests are intended to give a reliable result in a short period
of time which then enables clinicians to provide timely care for the patients [43]. However,
HCPs and DMs highlighted that same-day treatment initiation was still unlikely unless contex-
tual factors including workflow and patient flows are addressed. In particular, adjustments to
staffing at the lab and in facilities would be needed to decrease the TAT and avoid overburden-
ing existing systems that already struggle with the workload [44]. Also, the timed steps of Fuji-
LAM may pose difficulty to integrating it at the bedside and limit batch testing, particularly
when compared to AlereLAM. The measures of workforce strengthening have been shown
necessary for implementation of other tests [40, 45, 46]. Patients would much appreciate a
same-day turn around rather than returning again as Rucker et al. have shown as well [40].
This would also reduce the risk of losing patients to follow-up [47]. FujiLAM may contribute
to decentralization of TB testing given its lower training and infrastructure requirements.
Decentralization of testing in HIV and pediatric care has shown to positively impact mortality
and linkage to treatment while reducing the risk of losses to follow up, thus increasing health
equity [48, 49].

This multi-site study provides perspectives of test users, patients, and decision makers to
inform FujiLAM implementation in two high burden TB countries. The use of semi-structured
interview guides, tailored to each group allowed for new topics to arise in a total interview
time of >30 hours is a strength of our study. We adapted to the restrictions of the COVID-19
pandemic by holding five interviews using an online meeting platform, which has been used
successfully in previous qualitative studies [50]. Analysis was conducted in English. A possible
limitation might be the potential loss of relevant information during translation. Another limi-
tation stems from the study setting. Interviewees were using FujiLAM in urban public hospi-
tals, with many of the operators having previous experience with conducting research.
Furthermore, urban hospitals may be better equipped in comparison to more decentralized
primary health care facilities where patients often present first for care. Thus, the transferabil-
ity of our findings to primary health care facilities might be limited as it relied on the assess-
ment of participants presenting to or working at urban hospitals. In addition, the volume of
patients was high. Therefore, some aspects, e.g., batch testing, may be different from what
would be expected in decentralized, rural settings.

Conclusion

Our study identified several barriers and facilitators for the implementation of Urine LAM
tests in Malawi and Zambia. Urine-based testing for TB diagnosis bolstered a sense of ease and
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convenience, particularly for groups facing additional vulnerabilities (PLHIV, children,
stigma). However, these benefits are crucially dependent on the availability of hygienic, safe
and private sanitary facilities. Shifts in agency over sample collection process can affect work-
flows and concerns over potential loss to follow up. Implementation factors, such as turn-
around time were welcomed by operators and patients alike. An aspect considered particularly
relevant to vulnerable populations to increase access, is the decentralization of the diagnostic
process. This is possible with FujiLAM due to the low infrastructure requirements. However,
investments in staffing and sanitary facilities are required. Finally, our findings support efforts
for eliminating the CD4 count as eligibility criterion in patients living with HIV, to facilitate
implementation and benefit a wider range of patients.
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additional questionnaire outlining ethical, cultural, and scientific considerations specific to
inclusivity in global research for full transparency.

(PDF)

Acknowledgments

We would like to thank all our participants for their valuable time and insights. Additionally,
we want to thank Henry Sambakunsi, Esther Hamweemba and Lloyd Chifunda for helping in
the conduct of the interviews at the study sites in Malawi and Zambia. The project was sup-
ported by FIND, the Global Alliance for Diagnostics.

Author Contributions

Conceptualization: Monde Muyoyeta, Norbert Heinrich, Laura Olbrich, Elizabeth L. Corbett,
Nora Engel, Claudia M. Denkinger.

Data curation: Yannis Herrmann, Federica Lainati.
Formal analysis: Yannis Herrmann, Federica Lainati, Maria del Mar Castro.
Funding acquisition: Claudia M. Denkinger.

Investigation: Yannis Herrmann, Federica Lainati, Maria del Mar Castro, Chanda P.
Mwamba, Moses Kumwenda, Nora Engel, Claudia M. Denkinger.

Methodology: Yannis Herrmann, Federica Lainati, Maria del Mar Castro, Shannon A. McMa-
hon, Nora Engel, Claudia M. Denkinger.

PLOS Gilobal Public Health | https://doi.org/10.1371/journal.pgph.0000672  July 19, 2022 14/18


http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0000672.s001
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0000672.s002
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0000672.s003
https://doi.org/10.1371/journal.pgph.0000672

PLOS GLOBAL PUBLIC HEALTH Preferences on TB LAM diagnostics

Project administration: Yannis Herrmann, Chanda P. Mwamba, Moses Kumwenda, Monde
Muyoyeta, Nora Engel, Claudia M. Denkinger.

Resources: Claudia M. Denkinger.
Software: Yannis Herrmann, Federica Lainati.
Supervision: Monde Muyoyeta, Nora Engel, Claudia M. Denkinger.

Validation: Chanda P. Mwamba, Moses Kumwenda, Tobias Broger, Norbert Heinrich, Eliza-
beth L. Corbett, Shannon A. McMahon, Nora Engel.

Visualization: Yannis Herrmann, Maria del Mar Castro, Tobias Broger, Nora Engel.
Writing - original draft: Yannis Herrmann, Federica Lainati, Maria del Mar Castro.

Writing - review & editing: Chanda P. Mwamba, Moses Kumwenda, Monde Muyoyeta,
Tobias Broger, Norbert Heinrich, Laura Olbrich, Elizabeth L. Corbett, Shannon A. McMa-
hon, Nora Engel, Claudia M. Denkinger.

References

1. UNAIDS. Tuberculosis (TB): UNAIDS; 2021 [02/02/2021]. Available from: https://www.unaids.org/en/
topic/tuberculosis.

2. CohenT, Murray M, Wallengren K, Alvarez GG, Samuel EY, Wilson D. The prevalence and drug sensi-
tivity of tuberculosis among patients dying in hospital in KwaZulu-Natal, South Africa: a postmortem
study. PLoS Med. 2010; 7(6):e1000296. Epub 2010/06/29. https://doi.org/10.1371/journal.pmed.
1000296 PMID: 20582324; PubMed Central PMCID: PMC2889914.

3. GuptaRK, Lucas SB, Fielding KL, Lawn SD. Prevalence of tuberculosis in post-mortem studies of HIV-
infected adults and children in resource-limited settings: a systematic review and meta-analysis. Aids.
2015; 29(15):1987-2002. Epub 2015/08/13. https://doi.org/10.1097/QAD.0000000000000802 PMID:
26266773; PubMed Central PMCID: PMC4568896.

4. Ardizzoni E, Fajardo E, Saranchuk P, Casenghi M, Page A-L, Varaine F, et al. Implementing the Xpert®
MTB/RIF Diagnostic Test for Tuberculosis and Rifampicin Resistance: Outcomes and Lessons Learned
in 18 Countries. PLOS ONE. 2015; 10(12):e0144656. https://doi.org/10.1371/journal.pone.0144656
PMID: 26670929

5. Broger T, Sossen B, du Toit E, Kerkhoff AD, Schutz C, Ivanova Reipold E, et al. Novel lipoarabinoman-
nan point-of-care tuberculosis test for people with HIV: a diagnostic accuracy study. Lancet Infect Dis.
2019; 19(8):852—61. Epub 2019/06/04. https://doi.org/10.1016/S1473-3099(19)30001-5 PMID:
31155318; PubMed Central PMCID: PMC6656794.

6. Subbaraman R, Jhaveri T, Nathavitharana RR. Closing gaps in the tuberculosis care cascade: an
action-oriented research agenda. J Clin Tuberc Other Mycobact Dis. 2020; 19:100144. Epub 2020/02/
20. https://doi.org/10.1016/j.jctube.2020.100144 PMID: 32072022; PubMed Central PMCID:
PMC7015982.

7. McNerney R, Cunningham J, Hepple P, Zumla A. New tuberculosis diagnostics and rollout. Int J Infect
Dis. 2015; 32:81-6. Epub 2015/03/27. https://doi.org/10.1016/}.ijid.2015.01.012 PMID: 25809761.

8. Walzl G, McNerney R, du Plessis N, Bates M, McHugh TD, Chegou NN, et al. Tuberculosis: advances
and challenges in development of new diagnostics and biomarkers. Lancet Infect Dis. 2018; 18(7):
€199-e210. Epub 2018/03/28. https://doi.org/10.1016/S1473-3099(18)30111-7 PMID: 29580818.

9. Gupta-Wright A, Corbett EL, van Oosterhout JJ, Wilson D, Grint D, Alufandika-Moyo M, et al. Rapid
urine-based screening for tuberculosis in HIV-positive patients admitted to hospital in Africa (STAMP): a
pragmatic, multicentre, parallel-group, double-blind, randomised controlled trial. Lancet. 2018; 392
(10144):292—-301. Epub 2018/07/24. https://doi.org/10.1016/S0140-6736(18)31267-4 PMID:
30032978; PubMed Central PMCID: PMC6078909.

10. PeterJG, Zijenah LS, Chanda D, Clowes P, Lesosky M, Gina P, et al. Effect on mortality of point-of-
care, urine-based lipoarabinomannan testing to guide tuberculosis treatment initiation in HIV-positive
hospital inpatients: a pragmatic, parallel-group, multicountry, open-label, randomised controlled trial.
Lancet. 2016; 387(10024):1187-97. Epub 2016/03/14. https://doi.org/10.1016/S0140-6736(15)01092-
2 PMID: 26970721.

11. Bjerrum S, Broger T, Szekely R, Mitarai S, Opintan JA, Kenu E, et al. Diagnostic Accuracy of a Novel
and Rapid Lipoarabinomannan Test for Diagnosing Tuberculosis Among People With Human

PLOS Gilobal Public Health | https://doi.org/10.1371/journal.pgph.0000672  July 19, 2022 15/18


https://www.unaids.org/en/topic/tuberculosis
https://www.unaids.org/en/topic/tuberculosis
https://doi.org/10.1371/journal.pmed.1000296
https://doi.org/10.1371/journal.pmed.1000296
http://www.ncbi.nlm.nih.gov/pubmed/20582324
https://doi.org/10.1097/QAD.0000000000000802
http://www.ncbi.nlm.nih.gov/pubmed/26266773
https://doi.org/10.1371/journal.pone.0144656
http://www.ncbi.nlm.nih.gov/pubmed/26670929
https://doi.org/10.1016/S1473-3099(19)30001-5
http://www.ncbi.nlm.nih.gov/pubmed/31155318
https://doi.org/10.1016/j.jctube.2020.100144
http://www.ncbi.nlm.nih.gov/pubmed/32072022
https://doi.org/10.1016/j.ijid.2015.01.012
http://www.ncbi.nlm.nih.gov/pubmed/25809761
https://doi.org/10.1016/S1473-3099(18)30111-7
http://www.ncbi.nlm.nih.gov/pubmed/29580818
https://doi.org/10.1016/S0140-6736(18)31267-4
http://www.ncbi.nlm.nih.gov/pubmed/30032978
https://doi.org/10.1016/S0140-6736(15)01092-2
https://doi.org/10.1016/S0140-6736(15)01092-2
http://www.ncbi.nlm.nih.gov/pubmed/26970721
https://doi.org/10.1371/journal.pgph.0000672

PLOS GLOBAL PUBLIC HEALTH

Preferences on TB LAM diagnostics

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

Immunodeficiency Virus. Open Forum Infect Dis. 2020; 7(1):0fz530. Epub 2020/01/25. https://doi.org/
10.1093/0fid/0fz530 PMID: 31976353; PubMed Central PMCID: PMC6966242.

Kerkhoff AD, Sossen B, Schutz C, Reipold El, Trollip A, Moreau E, et al. Diagnostic sensitivity of SIL-
VAMP TB-LAM (FujiLAM) point-of-care urine assay for extra-pulmonary tuberculosis in people living

with HIV. Eur Respir J. 2020; 55(2). Epub 2019/11/09. https://doi.org/10.1183/13993003.01259-2019
PMID: 31699835.

Broger T, Nicol MP, Szekely R, Bjerrum S, Sossen B, Schutz C, et al. Diagnostic accuracy of a novel
tuberculosis point-of-care urine lipoarabinomannan assay for people living with HIV: A meta-analysis of
individual in- and outpatient data. PLoS Med. 2020; 17(5):e1003113. Epub 2020/05/02. https://doi.org/
10.1371/journal.pmed.1003113 PMID: 32357197.

Muyoyeta M, Kerkhoff AD, Chilukutu L, Moreau E, Schumacher SG, Ruhwald M. Diagnostic accuracy
of a novel point-of-care urine lipoarabinomannan assay for the detection of tuberculosis among adult
outpatients in Zambia: a prospective cross-sectional study. Eur Respir J. 2021. Epub 2021/05/01.
https://doi.org/10.1183/13993003.03999-2020 PMID: 33926972.

Broger T, Nicol MP, Sigal GB, Gotuzzo E, Zimmer AJ, Surtie S, et al. Diagnostic accuracy of 3 urine
lipoarabinomannan tuberculosis assays in HIV-negative outpatients. J Clin Invest. 2020; 130(11):5756—
64. Epub 2020/07/22. https://doi.org/10.1172/JCI140461 PMID: 32692731; PubMed Central PMCID:
PMC7598043.

Nkereuwem E, Togun T, Gomez MP, Szekely R, Mace A, Jobe D, et al. Comparing accuracy of lipoara-
binomannan urine tests for diagnosis of pulmonary tuberculosis in children from four African countries:
a cross-sectional study. Lancet Infect Dis. 2020. Epub 2020/12/15. https://doi.org/10.1016/S1473-3099
(20)30598-3 PMID: 33316214.

Ricks S, Denkinger CM, Schumacher SG, Hallett TB, Arinaminpathy N. The potential impact of urine-
LAM diagnostics on tuberculosis incidence and mortality: A modelling analysis. PLoS Med. 2020; 17
(12):1003466. Epub 2020/12/12. https://doi.org/10.1371/journal.pmed.1003466 PMID: 33306694.

Reddy KP, Denkinger CM, Broger T, McCann NC, Gupta-Wright A, Kerkhoff AD, et al. Cost-effective-
ness of a novel lipoarabinomannan test for tuberculosis in patients with HIV. Clin Infect Dis. 2020. Epub
2020/11/18. https://doi.org/10.1093/cid/ciaa1698 PMID: 33200169.

World Health Organization. Lateral flow urine lipoarabinomannan assay (LF-LAM) for the diagnosis of
active tuberculosis in people living with HIV Policy update: World Health Organization; 2019 [28/06/
2021]. Available from: https://www.who.int/publications/i/item/9789241550604

Treatment Action Group. An activist’s guide to the TB LAM test New York2017 [02/12/2021]. Available
from: https://www.treatmentactiongroup.org/publication/an-activists-guide-to-the-tb-lam-test/.

Medecins Sans Frontieres STp. Step Up for TB 2020. Tuberculosis Policies in 37 Countries. A survey of
prevention, testing, and treatment policies and practices Geneva: MSF; STOP TB partnership; 2020.
Available from: https://www.msf.org/step-tb-report-2020.

Engel N, Ganesh G, Patil M, Yellappa V, Pant Pai N, Vadnais C, et al. Barriers to Point-of-Care Testing
in India: Results from Qualitative Research across Different Settings, Users and Major Diseases. PLoS
One. 2015; 10(8):e0135112. Epub 2015/08/15. https://doi.org/10.1371/journal.pone.0135112 PMID:
26275231; PubMed Central PMCID: PMC4537276.

Beisel U, Umlauf R, Hutchinson E, Chandler Cl. The complexities of simple technologies: re-imagining
the role of rapid diagnostic tests in malaria control efforts. Malaria Journal. 2016; 15:64. Epub 2016/02/
07. https://doi.org/10.1186/s12936-016-1083-2 PMID: 26850000; PubMed Central PMCID:
PMC4743404.

Woodward EN, Matthieu MM, Uchendu US, Rogal S, Kirchner JE. The health equity implementation
framework: proposal and preliminary study of hepatitis C virus treatment. Implement Sci. 2019; 14
(1):26. Epub 2019/03/15. https://doi.org/10.1186/s13012-019-0861-y PMID: 30866982; PubMed Cen-
tral PMCID: PMC6417278.

Pope C, Ziebland S, Mays N. Qualitative research in health care. Analysing qualitative data. BMJ. 2000;
320(7227):114—6. https://doi.org/10.1136/bmj.320.7227.114 PMID: 10625273; PubMed Central
PMCID: PMC1117368.

Qualitative Interviewing (2nd ed.): The Art of Hearing Data. Thousand Oaks, California2005. Available
from: https://methods.sagepub.com/book/qualitative-interviewing.

Braun V, Clarke V. Using thematic analysis in psychology. Qualitative Research in Psychology. 2006; 3
(2):77-101. https://doi.org/10.1191/1478088706qp0630a

Eisenhardt KM, Graebner ME. Theory Building From Cases: Opportunities And Challenges. Academy
of Management Journal. 2007; 50(1):25-32. https://doi.org/10.5465/am|.2007.24160888

Kilbourne AM, Switzer G, Hyman K, Crowley-Matoka M, Fine MJ. Advancing health disparities research
within the health care system: a conceptual framework. Am J Public Health. 2006; 96(12):2113-21.

PLOS Gilobal Public Health | https://doi.org/10.1371/journal.pgph.0000672  July 19, 2022 16/18


https://doi.org/10.1093/ofid/ofz530
https://doi.org/10.1093/ofid/ofz530
http://www.ncbi.nlm.nih.gov/pubmed/31976353
https://doi.org/10.1183/13993003.01259-2019
http://www.ncbi.nlm.nih.gov/pubmed/31699835
https://doi.org/10.1371/journal.pmed.1003113
https://doi.org/10.1371/journal.pmed.1003113
http://www.ncbi.nlm.nih.gov/pubmed/32357197
https://doi.org/10.1183/13993003.03999-2020
http://www.ncbi.nlm.nih.gov/pubmed/33926972
https://doi.org/10.1172/JCI140461
http://www.ncbi.nlm.nih.gov/pubmed/32692731
https://doi.org/10.1016/S1473-3099(20)30598-3
https://doi.org/10.1016/S1473-3099(20)30598-3
http://www.ncbi.nlm.nih.gov/pubmed/33316214
https://doi.org/10.1371/journal.pmed.1003466
http://www.ncbi.nlm.nih.gov/pubmed/33306694
https://doi.org/10.1093/cid/ciaa1698
http://www.ncbi.nlm.nih.gov/pubmed/33200169
https://www.who.int/publications/i/item/9789241550604
https://www.treatmentactiongroup.org/publication/an-activists-guide-to-the-tb-lam-test/
https://www.msf.org/step-tb-report-2020
https://doi.org/10.1371/journal.pone.0135112
http://www.ncbi.nlm.nih.gov/pubmed/26275231
https://doi.org/10.1186/s12936-016-1083-2
http://www.ncbi.nlm.nih.gov/pubmed/26850000
https://doi.org/10.1186/s13012-019-0861-y
http://www.ncbi.nlm.nih.gov/pubmed/30866982
https://doi.org/10.1136/bmj.320.7227.114
http://www.ncbi.nlm.nih.gov/pubmed/10625273
https://methods.sagepub.com/book/qualitative-interviewing
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.5465/amj.2007.24160888
https://doi.org/10.1371/journal.pgph.0000672

PLOS GLOBAL PUBLIC HEALTH

Preferences on TB LAM diagnostics

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

Epub 20061031. https://doi.org/10.2105/AJPH.2005.077628 PMID: 17077411; PubMed Central
PMCID: PMC1698151.

Bach-Mortensen AM, Lange BCL, Montgomery P. Barriers and facilitators to implementing evidence-
based interventions among third sector organisations: a systematic review. Implementation Science.
2018; 13(1):103. https://doi.org/10.1186/s13012-018-0789-7 PMID: 30060744

Harvey G, Kitson A. PARIHS revisited: from heuristic to integrated framework for the successful imple-
mentation of knowledge into practice. Implement Sci. 2016; 11:33. Epub 20160310. https://doi.org/10.
1186/s13012-016-0398-2 PMID: 27013464; PubMed Central PMCID: PMC4807546.

Heidelberg University. heiDATA Heidelberg Open Research Data—Division of Infectious Disease and
Tropical Medicine; 2022 [01/06/2022]. Available from: https://heidata.uni-heidelberg.de/dataverse/idtm.

Ndlovu Z, Massaquoi L, Bangwen NE, Batumba JN, Bora RU, Mbuaya J, et al. Diagnostic performance
and usability of the VISITECT CD4 semi-quantitative test for advanced HIV disease screening. PLoS
One. 2020; 15(4):e0230453. Epub 2020/04/04. https://doi.org/10.1371/journal.pone.0230453 PMID:
32243435; PubMed Central PMCID: PMC7122771.

Omega Diangnostics Group PLC. Omega VISITECT CD4 2021 [31/10/2021]. Available from: https://
www.omegadx.com/Products/Infectious-Diseases/HIV/CDA4.

Dheda K, Ruhwald M, Theron G, Peter J, Yam WC. Point-of-care diagnosis of tuberculosis: past, pres-
ent and future. Respirology. 2013; 18(2):217-32. Epub 2012/11/30. https://doi.org/10.1111/resp.12022
PMID: 23190246.

Mwaura M, Engel N. Constructing confidence: User perspectives on AlereLAM testing for tuberculosis.
Int J Infect Dis. 2021. Epub 2021/09/16. https://doi.org/10.1016/}.ijid.2021.09.018 PMID: 34525399.

Nathavitharana RR, Lederer P, Chaplin M, Bjerrum S, Steingart KR, Shah M. Impact of diagnostic strat-
egies for tuberculosis using lateral flow urine lipoarabinomannan assay in people living with HIV.
Cochrane Database Syst Rev. 2021; 8:CD014641. Epub 2021/08/21. https://doi.org/10.1002/
14651858.CD014641 PMID: 34416013; PubMed Central PMCID: PMC84075083.

Engel N, Mwaura M. Lateral flow urine lipoarabinomannan assay (LF-LAM) for the diagnosis of active
tuberculosis in people living with HIV: policy update (2019): report user perspectives on TB LAM testing:
results from qualitative research. Geneva: World Health Organization, 2019 Contract No.: WHO/CDS/
TB/2019.20.

Republic of Zambia. Zambia Consolidated Guidelines for Treatment and Prevention of HIV Infection:
Republic of Zambia; 2020 [12/02/2021]. Available from: https://www.moh.gov.zm/wp-content/uploads/
filebase/Zambia-Consolidated-Guidelines-for-Treatment-and-Prevention-of-HIV-Infection-2020.pdf.

Mathabire Rucker SC, Cossa L, Harrison RE, Mpunga J, Lobo S, Kisaka Kimupelenge P, et al. Feasibil-
ity of using Determine TB-LAM to diagnose tuberculosis in HIV-positive patients in programmatic condi-
tions: a multisite study. Glob Health Action. 2019; 12(1):1672366. Epub 2019/10/16. https://doi.org/10.
1080/16549716.2019.1672366 PMID: 31610754; PubMed Central PMCID: PMC6807865.

Luchters S, Technau K, Mohamed Y, Chersich MF, Agius PA, Pham MD, et al. Field Performance and
Diagnostic Accuracy of a Low-Cost Instrument-Free Point-of-Care CD4 Test (Visitect CD4) Performed
by Different Health Worker Cadres among Pregnant Women. Journal of clinical microbiology. 2019; 57
(2):e01277-18. https://doi.org/10.1128/JCM.01277-18 PMID: 30463898.

Singhroy DN, MacLean E, Kohli M, Lessem E, Branigan D, England K, et al. Adoption and uptake of the
lateral flow urine LAM test in countries with high tuberculosis and HIV/AIDS burden: current landscape
and barriers. Gates Open Res. 2020; 4:24. Epub 2020/04/16. https://doi.org/10.12688/gatesopenres.
13112.2 PMID: 32185366; PubMed Central PMCID: PMC7059561.

Kozel TR, Burnham-Marusich AR. Point-of-Care Testing for Infectious Diseases: Past, Present, and
Future. Journal of clinical microbiology. 2017; 55(8):2313-20. Epub 2017/05/24. https://doi.org/10.
1128/JCM.00476-17 PMID: 28539345.

Sinai |, Cleghorn F, Kinkel HF. Improving management of tuberculosis in people living with HIV in South
Africa through integration of HIV and tuberculosis services: a proof of concept study. BMC Health Serv
Res. 2018; 18(1):711-. https://doi.org/10.1186/s12913-018-3524-9 PMID: 30217152.

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? The
European respiratory journal. 2016; 48(2):516—25. Epub 2016/07/13. https://doi.org/10.1183/
13993003.00543-2016 PMID: 27418550.

Rendell NL, Bekhbat S, Ganbaatar G, Dorjravdan M, Pai M, Dobler CC. Implementation of the Xpert
MTB/RIF assay for tuberculosis in Mongolia: a qualitative exploration of barriers and enablers. PeerdJ.
2017; 5:e3567—e. https://doi.org/10.7717/peer|.3567 PMID: 28717600.

Izudi J, Tamwesigire IK, Bajunirwe F. Association between GeneXpert Diagnosis and Same-Day Initia-
tion of Tuberculosis Treatment in Rural Eastern Uganda. The American Journal of Tropical Medicine
and Hygiene. 2020; 103(4):1447-54. https://doi.org/10.4269/ajtmh.19-0900 PMID: 32783795

PLOS Gilobal Public Health | https://doi.org/10.1371/journal.pgph.0000672  July 19, 2022 17/18


https://doi.org/10.2105/AJPH.2005.077628
http://www.ncbi.nlm.nih.gov/pubmed/17077411
https://doi.org/10.1186/s13012-018-0789-7
http://www.ncbi.nlm.nih.gov/pubmed/30060744
https://doi.org/10.1186/s13012-016-0398-2
https://doi.org/10.1186/s13012-016-0398-2
http://www.ncbi.nlm.nih.gov/pubmed/27013464
https://heidata.uni-heidelberg.de/dataverse/idtm
https://doi.org/10.1371/journal.pone.0230453
http://www.ncbi.nlm.nih.gov/pubmed/32243435
https://www.omegadx.com/Products/Infectious-Diseases/HIV/CD4
https://www.omegadx.com/Products/Infectious-Diseases/HIV/CD4
https://doi.org/10.1111/resp.12022
http://www.ncbi.nlm.nih.gov/pubmed/23190246
https://doi.org/10.1016/j.ijid.2021.09.018
http://www.ncbi.nlm.nih.gov/pubmed/34525399
https://doi.org/10.1002/14651858.CD014641
https://doi.org/10.1002/14651858.CD014641
http://www.ncbi.nlm.nih.gov/pubmed/34416013
https://www.moh.gov.zm/wp-content/uploads/filebase/Zambia-Consolidated-Guidelines-for-Treatment-and-Prevention-of-HIV-Infection-2020.pdf
https://www.moh.gov.zm/wp-content/uploads/filebase/Zambia-Consolidated-Guidelines-for-Treatment-and-Prevention-of-HIV-Infection-2020.pdf
https://doi.org/10.1080/16549716.2019.1672366
https://doi.org/10.1080/16549716.2019.1672366
http://www.ncbi.nlm.nih.gov/pubmed/31610754
https://doi.org/10.1128/JCM.01277-18
http://www.ncbi.nlm.nih.gov/pubmed/30463898
https://doi.org/10.12688/gatesopenres.13112.2
https://doi.org/10.12688/gatesopenres.13112.2
http://www.ncbi.nlm.nih.gov/pubmed/32185366
https://doi.org/10.1128/JCM.00476-17
https://doi.org/10.1128/JCM.00476-17
http://www.ncbi.nlm.nih.gov/pubmed/28539345
https://doi.org/10.1186/s12913-018-3524-9
http://www.ncbi.nlm.nih.gov/pubmed/30217152
https://doi.org/10.1183/13993003.00543-2016
https://doi.org/10.1183/13993003.00543-2016
http://www.ncbi.nlm.nih.gov/pubmed/27418550
https://doi.org/10.7717/peerj.3567
http://www.ncbi.nlm.nih.gov/pubmed/28717600
https://doi.org/10.4269/ajtmh.19-0900
http://www.ncbi.nlm.nih.gov/pubmed/32783795
https://doi.org/10.1371/journal.pgph.0000672

PLOS GLOBAL PUBLIC HEALTH Preferences on TB LAM diagnostics

48. Fayorsey RN, Saito S, Carter RJ, Gusmao E, Frederix K, Koech-Keter E, et al. Decentralization of pedi-
atric HIV care and treatment in five sub-Saharan African countries. J Acquir Immune Defic Syndr. 2013;
62(5):e124—e30. https://doi.org/10.1097/QAI.0b013e3182869558 PMID: 23337367.

49. Reidy WJ, Sheriff M, Wang C, Hawken M, Koech E, Elul B, et al. Decentralization of HIV care and treat-
ment services in Central Province, Kenya. J Acquir Immune Defic Syndr. 2014; 67(1):e34—e40. https://
doi.org/10.1097/QAI.0000000000000264 PMID: 24977728.

50. Renosa MDC, Mwamba C, Meghani A, West NS, Hariyani S, Ddaaki W, et al. Selfie consents, remote
rapport, and Zoom debriefings: collecting qualitative data amid a pandemic in four resource-constrained
settings. BMJ Glob Health. 2021; 6(1). Epub 2021/01/10. https://doi.org/10.1136/bmjgh-2020-004193
PMID: 33419929; PubMed Central PMCID: PMC7798410.

PLOS Gilobal Public Health | https://doi.org/10.1371/journal.pgph.0000672  July 19, 2022 18/18


https://doi.org/10.1097/QAI.0b013e3182869558
http://www.ncbi.nlm.nih.gov/pubmed/23337367
https://doi.org/10.1097/QAI.0000000000000264
https://doi.org/10.1097/QAI.0000000000000264
http://www.ncbi.nlm.nih.gov/pubmed/24977728
https://doi.org/10.1136/bmjgh-2020-004193
http://www.ncbi.nlm.nih.gov/pubmed/33419929
https://doi.org/10.1371/journal.pgph.0000672

