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ARTICLE INFO ABSTRACT

Keywords: Background: The novel urine-based FujiLAM test identifies tuberculosis in HIV-positive patients but may be

T‘_lberCUIf’Sis challenging to use at point-of-care (POC).

E‘f‘?ﬁ:’&“c tests Objectives: We assessed the feasibility and acceptability of using the FujiLAM test at point of care in outpatient
uji

settings.

Methods: We conducted a mixed methods study in four outpatient settings in Kenya, Mozambique, South Africa,
and Uganda between November 2020 and September 2021. The test was performed at POC in existing clinic
laboratories and consultation spaces. We performed direct observations in the four health facilities, individual
questionnaires, proficiency testing evaluations, and individual interviews among healthcare workers performing
the FujiLAM test (healthcare workers), and group discussions with programme managers.

Resuits: Overall, 18/19 (95%) healthcare workers and 14/14 (100%) managers agreed to participate in the study.
Most assessed healthcare workers, including lay health workers (10/11; 91%), met the minimum required
theoretical knowledge and practical skill in performing the FujiLAM test. Most healthcare workers (17/18; 94%)
found the FujiLAM test overall “Easy/Very easy” to perform. Some challenges were mentioned: many timed steps
(5/18; 28%); ensuring correct incubation period (5/18; 28%); test result readability (4/18; 22%); and difficulties
with cartridge buttons (3/18; 17%). Half of the healthcare workers regularly performing the test (4/7; 57%)
found it “Easy” to integrate into routine activities. Most healthcare workers and managers believed that any
healthcare worker could perform the test after adequate training.

Conclusions: Implementing the FujiLAM test in outpatient POC settings is feasible and acceptable to healthcare
workers and managers. This test can be performed in various clinic locations by any healthcare worker. The

Feasibility studies
Low income settings

* Corresponding author at: 14-34 Boulevard Jean Jaures, 75019 Paris, France.

E-mail addresses: Chenai. MATHABIRE@epicentre.msf.org (S. Chenai Mathabire Riicker), Pascale.lissouba@epicentre.msf.org (P. Lissouba), Milcah.akinyi@
epicentre.msf.org (M. Akinyi), Alex.lubega@epicentre.msf.org (A. Vicent Lubega), MSFCH-Mozambique-HoM@geneva.msf.org (N. Tamayo Antabak), Ivan.
MUGISHA@epicentre.msf.org (I. Taremwa Mugisha), MSFOCB-Eshowe-DeputyCoord@brussels.msf.org (L. Ohler), msff-homa-bay-labmentor@paris.msf.org
(M. Atieno), msff-nairobi-medco@paris.msf.org (M. Musoke), Claire.bossard@epicentre.msf.org (C. Bossard), Cathy.Hewison@paris.msf.org (C. Hewison), zee.
ndlovu@joburg.msf.org (Z. Ndlovu), helena.huerga@epicentre.msf.org (H. Huerga).

https://doi.org/10.1016/j.jctube.2022.100316

Available online 25 April 2022
2405-5794/© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nec-nd/4.0/).


mailto:Chenai.MATHABIRE@epicentre.msf.org
mailto:Pascale.lissouba@epicentre.msf.org
mailto:Milcah.akinyi@epicentre.msf.org
mailto:Milcah.akinyi@epicentre.msf.org
mailto:Alex.lubega@epicentre.msf.org
mailto:MSFCH-Mozambique-HoM@geneva.msf.org
mailto:Ivan.MUGISHA@epicentre.msf.org
mailto:Ivan.MUGISHA@epicentre.msf.org
mailto:MSFOCB-Eshowe-DeputyCoord@brussels.msf.org
mailto:msff-homa-bay-labmentor@paris.msf.org
mailto:msff-nairobi-medco@paris.msf.org
mailto:Claire.bossard@epicentre.msf.org
mailto:Cathy.Hewison@paris.msf.org
mailto:zee.ndlovu@joburg.msf.org
mailto:zee.ndlovu@joburg.msf.org
mailto:helena.huerga@epicentre.msf.org
www.sciencedirect.com/science/journal/24055794
https://www.elsevier.com/locate/jctube
https://doi.org/10.1016/j.jctube.2022.100316
https://doi.org/10.1016/j.jctube.2022.100316
https://doi.org/10.1016/j.jctube.2022.100316
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jctube.2022.100316&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

S. Chenai Mathabire Riicker et al.

Journal of Clinical Tuberculosis and Other Mycobacterial Diseases 27 (2022) 100316

timed, multi-step test procedure is challenging and may affect the workload in resource-constrained health

facilities.

1. Introduction

Long-standing challenges diagnosing Tuberculosis (TB) in low-
resource settings represent a significant barrier to meeting global TB
control targets. Sputum microscopy is often available at peripheral level,
but has a poor sensitivity [1-3]. The Xpert MTB/RIF sputum assay
(Cepheid, Sunnyvale, CA, USA) has a very good diagnostic performance
but is not always available at primary health care level. Furthermore, TB
is particularly difficult to diagnose in HIV-positive patients and sputum-
based methods have limitations as some patients may have difficulty
producing sputum [2].

For these reasons, urine-based tests (detecting the mycobacterial
lipoarabinomannan [LAM] antigen) could radically improve the diag-
nosis of TB among HIV-positive patients. The Abbott TB-LAM (Deter-
mine TB LAM Ag, Abbott, Chicago, IL, USA, formerly Alere) is currently
recommended by the World Health Organization (WHO) for TB diag-
nosis in HIV-positive patients [4]. It produces results in less than 25 min
and has been shown to be feasible at point-of-care (POC) in low-
resourced settings [5,6]. The test, however, has limited sensitivity,
particularly among patients with CD4 values > 200 cells/pl [7]. The
newer FujiLAM (Fujifilm SILVAMP TB LAM Fujifilm, Tokyo, Japan)
promises greater diagnostic sensitivity compared to the Abbott TB-LAM
in HIV-positive patients [8] and may have a diagnostic value in HIV-
negative patients [9]. However, it involves more steps, and has a
longer results turnaround time (TAT) of one hour.

Despite 2015 WHO recommendations to use the Abbott TB-LAM, its
well documented diagnostic value, ease-of-use, and affordability
[5,6,10-13], uptake at POC in resource-limited settings has been very
low mainly due to budget limitations and lack of local operational
research studies to inform implementation [14,15]. Furthermore, a
rapid diagnostic test which is easy to perform is not necessarily easy to
implement, as observed for other rapid tests (rapid malaria test)[16].
Successful implementation of new rapid diagnostic tests may depend on
various factors that are context specific. Thus, it is important to explore
and understand operational characteristics at the level of intended use.

This study aimed to assess the feasibility of implementing the Fuji-
LAM test at POC in out-patient health facilities and the acceptability of
the test among healthcare workers.

2. Methods
2.1. Study design

This was a mixed methods study following a pragmatic approach
[17]. Quantitative and qualitative elements were used to gain a holistic
understanding of the factors to consider when implementing the Fuji-
LAM test. It employed a partly convergent parallel and partly explana-
tory sequential design, [18], Fig. 1.

2.2. Setting

The study was conducted between November 2020 and September
2021 as part of a multicentric diagnostic prospective study to investigate
the diagnostic accuracy of the FujiLAM test in ambulatory HIV-positive
patients in four countries [19]. Patient perspectives on urine sampling
for urine-based TB diagnostic testing were also assessed and findings are
reported separately (manuscript in review)[20]. Patients were recruited
from hospital outpatient clinics in Kenya (HIV and TB clinics of Homa
Bay Teaching and Referral Hospital), South Africa (Outpatients
Department of Eshowe Hospital), Uganda (HIV Clinic attached to the
Mbarara Regional Reference Hospital); and from primary health care

clinics in Mozambique (Alto Mae Health Centre in Maputo), and South
Africa (Eshowe Gateway Clinic), Table S1. Patients were asked to pro-
vide a urine specimen at the first consultation for FujiLAM testing. The
manufacturer’s five-step test procedure was followed, Fig. 2.

The FujiLAM was performed at POC in the out-patients clinic labo-
ratories in Kenya, Mozambique and Uganda; and in consultation rooms
or other clinic spaces in Kenya and South Africa. FujiLAM test results
were not used to make decisions on the patients’ management. Training
of healthcare workers performing the FujiLAM test (referred from now
on as “healthcare workers”) was conducted over two to four hours
depending on the site. The FujiLAM test cartridge used throughout the
diagnostic study was the Version 1 cartridge. A newer cartridge version,
the Version 2 cartridge, was under development by the manufacturer at
the time of the feasibility study and the healthcare workers’ accept-
ability of the Version 2 cartridge was also assessed using a prototype
cartridge provided by the manufacturer. In comparison to the Version 1
cartridge, the Version 2 cartridge was smaller in size, had a narrower
sample port, and a narrower results window, Figure S1. The Version 2
cartridge required only one drop of incubated urine sample whilst the
Version 1 cartridge required 2 drops.

2.3. Study population

All healthcare workers from all study sites were invited to participate
and were included after consenting. Purposive sampling was used to
select healthcare workers for individual interviews, ensuring represen-
tation of different professional categories and study sites. Additionally,
healthcare workers in management roles (study coordinators) in the
health facilities conducting the diagnostic study as well as others
involved in TB programme management and policy decision making
(referred from now on as “managers”), were purposively selected for
two group discussions.

2.4. Study procedures

We used seven study procedures: four quantitative (direct observa-
tions using the Test Performance Tool, healthcare worker proficiency
testing evaluation, individual questionnaires on the test Version 1 car-
tridge and individual questionnaires on the test Version 2 cartridge); and
three qualitative (direct observations using the Implementation Tool,
individual interviews with healthcare workers, and groups discussions
with managers), Fig. 1=

We conducted direct observations using two specially-developed
tools: Implementation Tool and Test Performance Tool. The Imple-
mentation Tool captured data on aspects related to the implementation

Quantitative data Qualitative data

Fig. 1. Mixed methods design, study population, data collection tools, and
analysis summary.
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of the test such as health facility organisation (space and infrastructure),
patient flow, human and material resources, and logistical requirements.
The Test Performance Tool captured data on healthcare worker perfor-
mance of the test (routine practices, processing of tests, TAT of different
steps), and healthcare worker interactions with patients. These pro-
cesses were observed for 40 patients (ten per study site).

We used an adapted standard proficiency testing evaluation checklist
developed by FIND (Foundation for Innovative Diagnostics; Geneva
Switzerland) to objectively evaluate the proficiency of a sub-group of the
healthcare workers. They were judged proficient when the following
testing performance targets were met: scores > 80% for Part A (practical
performance), > 4 points for Part B (confidence in performing the test),
> 80% for Part C (theoretical knowledge), and > 90% for Part D
(interpretation of results).

We used a standardized questionnaire (Ease-of-use Questionnaire) to
assess the ease-of-use of the Version 1 cartridge. It included closed and
open-ended questions related to important aspects of the training,
healthcare workers’ experiences and opinions of the test procedure
steps, and integration of FujiLAM into their daily workload. A second
questionnaire (Cartridge Version Comparison Questionnaire) was
completed by healthcare workers on the ease-of-use of the prototype
Version 2 cartridge.

We conducted individual interviews with healthcare workers to
explore their experiences (perceptions of the test and its processes). We
used semi-structured interview guides addressing themes organised
around a predefined framework developed to answer the research
questions. Interviews were conducted by three researchers either face-
to-face or using WhatsApp phone audio function (Facebook, Inc); each
lasted 40-90 min.
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We organised group discussions with managers to explore and
compare experiences and perceptions of strategic planning and imple-
mentation. Group discussions were conducted using Zoom (Zoom Video
Communications, Inc, San Jose, California), with video features enabled,
lasting between 90 and 120 min. Three researchers, all epidemiologists,
conducted the group discussions: a lead moderator with a social science
background; a medical doctor with expertise in TB; and a nurse with
public health background. The interviews and group discussions were
recorded and transcribed verbatim.

Further in-depth descriptions of the procedures and data tools are
presented in Table S2.

2.5. Data collection and data analysis

Quantitative data was collected using paper-based tools and ana-
lysed using Microsoft Excel® (Microsoft, Redmond, WA, USA). Contin-
uous variables were summarised as median and inter-quartile ranges
(IQR) and categorical variables as numbers and percentages. The Fuji-
LAM test TAT was defined as the time from a patient submitting urine to
the time the result was available.

Qualitative data was transcribed and analysed with pre-determined
and open codes using content analysis [21,22], using Atlas TI software
9 (ATLAS.ti Scientific Software Development GmbH, Berlin Germany),
and focused on the manifest content of the data. Several quotations were
selected for illustrative purposes and each participant was assigned a
unique identification number and their role; example Nurse #1.

To integrate the findings, we compared the results of the quantitative
and qualitative components of the study in an analysis as proposed by
Fetters MD et al [23]. Responses to the Ease-of-use Questionnaire helped

Tuberculosis test device
Sample port
| 2 drops Push completely
Buttonto Go next Buttonto
release silver v Y release
ion reagent for —————» 3 1 [} 1 © 24— reducing
amplification = s (') reagent for
CI|T amplification

Go-next colour indicator and control and test line reading window

Tuberculosis test procedure
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Fig. 2. Fyjifilm SILVAMP TB LAM Version 1 test cartridge and procedure. Adapted from “Novel lipoarabinomannan point-of-care tuberculosis test for people with
HIV: a diagnostic accuracy study” by T. Broger, 2019, Lancet Infect Dis, hrrps://https://doi.org/10.1016/51473-3099(19)30001-5.[8]. Briefly: Step 1: A volume of
approximately 200 pL urine was added to the reagent tube up to the indicator line and mixed. Step 2: The urine was then incubated for 40 min at room temperature.
Step 3: After mixing the incubated sample again, two drops of urine were then added to the test strip and button 2 pressed. Step 4: Once the Go-Next colour indicator
mark turned orange (within 3-10 min), button 3 was pressed. Step 5: The result was read within 10 min. (For interpretation of the references to colour in this figure

legend, the reader is referred to the web version of this article.)
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in the selection of participants for individual interviews. During anal-
ysis, we corroborated the data from the quantitative and qualitative
elements to produce a combined summary and conclusions of our
findings, Fig. 1.

3. Results
3.1. Study participants

In total, 18/19 (95%) healthcare workers agreed to participate in the
study: two clinicians, seven nurses, seven laboratory technicians, and
two community health workers (CHWs); Table 1 presents their charac-
teristics. The 18 healthcare workers answered the questionnaire on ease-
of-use of the Version 1 cartridge (Ease-of-use Questionnaire). Six of the
healthcare workers participated in individual interviews [one clinician
(Kenya), one nurse (Kenya), two laboratory technicians (Mozambique
and Uganda), and two community health workers (South Africa)]. The
14/14 (100%) managers agreed to participate in the study: four labo-
ratory managers and three study coordinators participated in one group
discussion, whilst four TB programme managers and three TB policy
advisors participated in the other.

3.2. FujiLAM testing proficiency evaluation checklist using the Version 1
cartridge

The proficiency evaluation checklist was performed for 11/18
healthcare workers (four study coordinators excluded as they were
performing the evaluations, and two healthcare workers were no longer
available at time of assessment). Ten out of eleven (91%) healthcare
workers achieved the target score in all the four areas. The minimum
score was achieved by all 11 healthcare workers in three areas (Parts A
to C: practical performance, confidence in performing the test, and
theoretical knowledge respectively); in Part D (interpretation of the
FujiLAM results), one nurse did not achieve the minimum score
required, Fig. 3.

3.3. Perceptions on the ease-of-use of the Version 1 cartridge

Almost all healthcare workers (17/18; 94%) found that overall the
FujiLAM test was “Easy/Very easy” to perform, and the majority found it
“Easy/Very easy” to interpret the result (15/18; 83%). Participants were
asked about the ease-of-use of each step of the test procedure, Fig. 4.
Some challenges in test performance were mentioned: too many timed
steps in the procedure (5/18; 28%); difficulties ensuring the incubation
period of 40 min (5/18; 28%); problems with results readability (very

Table 1
Demographic characteristics of the healthcare workers participating in the
study.

Characteristic Kenya Mozambique  South Uganda Total, n
(N=6) (N=3) Africa N=4) (%)
(N=5) (N=18)

Sex

Female 4 0 3 0 7 (39)

Male 2 3 2 4 11 (61)

Age (median, 35 26 [26-34] 34 35 34
[IQRD) [29-38] [31-38] [33-38]) [30-38]

Years worked in 12 7 [6-12] 7 10 10
profession [7-13] [5-10] [9-13] [5-13]
(median,
[IQRD)

Profession

Community 0 0 2 0 2(11)
Health Worker

Nurse 3 0 2 2 7 (39)

Clinician 1 0 1 0 2(11)

Laboratory 2 3 0 2 7 (39)
technician

Journal of Clinical Tuberculosis and Other Mycobacterial Diseases 27 (2022) 100316

faint control or patient lines) (4/18; 22%); invalid test results (no con-
trol line) (4/18; 22%), and difficulties with the test cartridge buttons
(pressing in wrong order, buttons sometimes too stiff) (3/18; 17%).
Table 2 presents the challenges faced and examples of explanations from
the healthcare workers.

The important points identified by healthcare workers to emphasise
during training are summarised in Figure S3. Overall, healthcare
workers reported that they were comfortable to independently perform
the test after two supervised test procedures (IQR 1-3).

3.4. Assessment of the Version 2 FujiLAM test cartridge

Sixteen healthcare workers trialled the Version 2 cartridge. All (16/
16; 100%) responded that their evaluation of the ease-of-use of the
FujiLAM test would “not change” or would “remain similar with only slight
changes” when comparing the Version 2 and the Version 1 cartridges.
Most healthcare workers (11/16, 69%) found ease-of-use of the Version
2 cartridge equal to that of the Version 1, and one third (5/16, 31%)
found the Version 2 easier to perform (due to only one drop of urine
required instead of two, along with better readability of control and test
lines).

3.5. FujiLAM test result TAT and logistic aspects related to the use of the
Version 1 cartridge

The median FujiLAM result TAT was 70 min (IQR 62-81), Table S3.
The main reasons for delays in testing were: attending to other patients’
care and being busy with other tests.

Additional equipment required to perform the test included urine
sample collection bottles and timing devices (stopwatches and personal
mobile phones with alarms). The FujiLAM test was stored and performed
using the existing infrastructure with no modifications to any of the
testing areas.

3.6. Perceptions regarding the potential integration of the FujiLAM test
into the model of care

Both healthcare workers and managers suggested that the FujiLAM
was suitable for a POC test in decentralised outpatient facilities even in
peripheral health care centres. Opinions differed on where in the facility
the test should be performed. Some participants supported laboratory-
based testing arguing that the many timed steps would add to already
high workloads for nurses and clinicians. Supporters of testing in
consultation rooms or other clinic spaces argued that the FujiLAM was
an easy test to perform and that the real-life workload associated with
the test was not likely to be high based on the demand for the test (few
tests needed per day).

Among those who performed the test regularly during the study
(seven healthcare workers); 57% (4/7) found the integration of the
FujiLAM test into their daily activities “Easy” (one nurse, two laboratory
technicians, and one CHW); 29% (2/7) expressed that it was “Difficult”
(two laboratory technicians); and 14% (1/7) gave their response as
“Neutral”. Of those who performed the test occasionally (11 users), 45%
(5/11) gave their response as “Neutral” (two nurses, one laboratory
technician, one clinician, and one CHW); 36% (4/11) expressed that it
was “Difficult/Very difficult” (three nurses and one clinician); and 18%
(2/11) found it “Easy” (two laboratory technicians). Details of the other
activities performed by healthcare workers are presented in Table S4.
Difficulties in integrating the test into daily routines were: multiple
timed steps making it difficult for healthcare workers to multi-task; and
40 min incubation period which users viewed as being too long. These
concerns were even raised by some of the healthcare workers who
thought integrating the test was “Easy”.

Despite these concerns, the majority of interviewed healthcare
workers (4/6; 67%) reported that they could continue with other ac-
tivities during the incubation time (Table S4), and made use of alarms in
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Fig. 3. Individual healthcare worker proficiency in conducting the FujiLAM test using the Version 1 cartridge. The diagram illustrates the individual scores achieved

as well as the minimum score expected for each of the four areas (A to D) assessed.

Checking integrity of test cartridge
Using the test leaflet

Identifying items in test kit
Labelling sample tube

Checking reagent tube

Setting pipette to correct volume
Adding urine to the reagent tube
Putting nozzle on reagent tube
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Fig. 4. Healthcare workers’ self-assessment of the ease of performing the different steps in the test procedures using the Version 1 cartridge. Possible responses were

“Very easy”, “Easy”, “Neutral”, “Difficult”, or “Very difficult”.

their timing devices to help them keep track of the incubation period and
other timed steps. In Kenya, the healthcare workers sometimes per-
formed the tests in batches towards the end of the day when they did not
expect any more patients, since they were not giving the FujiLAM test
results to the patients, nor using them for clinical decision making.
From a technical perspective, most healthcare workers and managers
believed that any qualified or lay health worker could perform the

FujiLAM test after adequate training. Two healthcare workers, however,
expressed reservations about using lay health workers such as CHWs to
perform the test based on the wide spectrum of their capabilities as the
selection criteria for these posts were not standardised. From a man-
agement perspective, the criteria for who should perform the test was
more related to expected extra workload, available healthcare workers,
and individual healthcare worker motivation.
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Table 2

Challenges encountered by some healthcare workers during FujiLAM testing

procedure using the Version 1 cartridge.

Challenge

Description of challenge

Examples quotes

Number of
steps

Long
incubation
time

Pipetting

Pressing
buttons 2
and 3

Test result
readability ?

Invalid results
a

Too many steps and the need
to

time the different steps is time
consuming and difficult

40 min is too long to wait

Difficult to collect the desired
amount of urine using a
pipette

Risk of pressing the buttons in
the wrong order, or too late

Some pressure has to be
exerted to press both buttons

Very faint control or patient
lines which causes
uncertainty in the final result
interpretation

White patient line

(instead of the expected light
grey colour)

Go-Next line in the same
space as the control line

No control line after the test
cartridge was dropped
accidentally

Sometimes no control line
when blood stained or cloudy
urine was used

“Easy, but the test has too many
procedures for a quick test.”
(Laboratory technician #3)

“There are lot of steps and the time
is too long.” (Laboratory
technician #5)

“It’s hard to wait for the 40 min
especially when you are working
on more than one sample. The time
is too long.” (Nurse #6)

“The timing is very long, for when
you're waiting for the first 40 min
to wait with the patient. The
patient needs to go but we need to
wait for these 40 min.”(CHW #1)
“Well, where the mistake can come
in is down to where you have the
pipette, putting the sample in the
Ppipette and putting in that the small
nozzle container before the
incubation. There is a risk of
putting in more urine sample past
the recommended level.”
(Clinician #2)

“They don’t know how, they don’t
know when to click the first and the
second buttons. Sometimes they
click the second button (first), that
is the problem.” (Laboratory
technician #4)

“This requires to push hard and
allow denting the bottom.”
(Laboratory technician #7)
“Sometimes the lines are very
faint, like they are not completely
dark and they are not completely
grey. So, like it really requires the
second reader also to come in to
give their views, most of the time
those lines are very faint. So, you
really need to be keen to interpret
the results.” (Study coordinator
#1)

”On the test window when they
pressed button three there’s a
control line that appears but then
where you read the test line, it
looks white rather than grey, so
there’s a clear line which is white
but it’s not grey or dark coloured.
So, we're not sure what'’s gone
wrong there.” (Study Coordinator
#2)

“The wind blew out some of the
equipment that was on the table
and this test was also moved and
dropped. So, when I picked it
again, I noticed that it gave out an
invalid result”. (Clinician # 1)

It seems to be giving us invalid
from samples that tend to have
blood. I think there is an
interference between haemoglobin
and the test.” (Laboratory
technician #6)

a: Examples of how the FujiLAM test result look like if real life are provided in

Figure S2.

b: This was an observation made by the feasibility study researchers whilst
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reviewing pictures of used FujiLAM test cartridges send from the field which had
been interpreted as Invalid.

Regarding integration into a TB diagnostic algorithm, the FujiLAM
test was generally viewed more favourably compared to the Abbott TB-
LAM test given its superior diagnostic sensitivity. However, some con-
cerns were raised on the eventual uptake of the FujiLAM test due to lack
of funding, and the potential increase in workload among healthcare
workers.

Table S5 presents quotes from healthcare workers and managers on
integrating the FujiLAM test into their workflow.

4. Discussion

Our study is the first, to our knowledge, to evaluate the feasibility
and acceptability of the novel urine-based FujiLAM test for TB. We found
that implementing the FujiLAM test at POC in outpatient settings was
feasible and well accepted by healthcare workers, programme man-
agers, and policy makers; it was perceived as “Very easy” or “Easy” to
perform, and its potential integration into the model of care was viewed
favourably. The test was performed using the existing infrastructure in
clinic laboratories and in consultation rooms and other clinic spaces. The
test was adequately performed by the majority of the nurses, clinicians,
laboratory technicians and lay health workers. This suggests that most
healthcare workers, no matter their health training background, would
be technically capable of competently performing the test. Overall, the
simple infrastructure requirements and positive acceptability by
healthcare workers are similar to those described for the Abbott TB-LAM
test (formerly Alere), which is also a urine-based rapid TB diagnostic test
[6,10]. The main challenges faced were the multiple timed steps and the
relatively long incubation period.

Questions of where and who will perform the test are critical con-
siderations for programme managers and policy makers and may have
an impact on the successful implementation of the test. In outpatient
clinics with existing laboratories the test was easily integrated among
other tests. In Mozambique and Uganda, laboratory technicians per-
formed the tests in laboratories located within the out-patient clinics,
and could easily incorporate them into their daily routines with minimal
delays.

In clinics with no laboratories, a consultation room or separate space
could be considered where clinical personnel or lay workers could
perform the tests. However, in this type of setting the multiple timed
steps may interfere with general patient flow. The long waiting time for
incubation could be problematic although healthcare workers reported
that they could effectively utilise the 40 min to carry out other activities.
Assigning specific healthcare workers each day to be in charge of testing
could help to reduce disturbances in the patient flow. This would
however be heavily reliant on adequate staffing levels at the health fa-
cility, and could be, as mentioned in another study, ineffective in set-
tings with high healthcare worker turnover as it would require frequent
retraining to perform the test [10].

A critical aspect is the number of patients in need of FujiLAM, which
depends on the size of the clinic and on the criteria used for patients’
eligibility. The additional workload may not be an issue if only a few
patients per day are in need of testing. In our settings, all HIV-positive
patients with symptoms of TB and all patients with advanced HIV and
no symptoms of TB were eligible for the diagnostic study. The average
number of patients eligible for the test using these criteria varied from
three tests/week in the clinics of Mozambique and South Africa to six in
Kenya and 10 in Uganda. These numbers seem manageable and are
probably similar to those in outpatient health facilities throughout Af-
rica. However, any additional work may be difficult to integrate in fa-
cilities already suffering from human resources shortages [24,25]; and
even though the test is overall perceived as technically easy to perform,
its introduction could further increase the complexity of the existing
daily routines[16]. It is thus important to thoroughly evaluate the
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expected demand for the test and the available human resources and
infrastructure in each health facility before implementation.

One alternative would be to train other clinic healthcare workers, not
necessarily medical ones, to conduct the tests. Task shifting from med-
ical to non-medically trained healthcare workers or lay health workers
has been implemented successfully and less successfully for other POC
rapid diagnostic tests [16,26,27]. In our study, CHWs successfully per-
formed the test and described it as easy to use despite its complexity.
Other non-medically trained healthcare workers such as nurse assistants
or laboratory assistants, could potentially be trained to perform the test.
However, as observed during the implementation of other rapid diag-
nostic tests, non-medically trained healthcare workers such as CHWs
may require more frequent training and supervision even after initial
implementation [16,28,29], and this should be taken into account in
terms of time required as well as human, and material resources.
Overall, considering some challenges faced during the testing procedure
such as result readability, with one healthcare worker failing to correctly
interpret the results during the proficiency evaluation, it may be
necessary to offer more training and supervision for all healthcare
workers regardless of medical training background during imple-
mentation to ensure correct result interpretation. Difficulties to read
faint result lines were also experienced in a study using FujiLAM to test
cerebrospinal fluid [30]. The proficiency evaluation tool we used,
developed by FIND, would be very useful to identify individuals
requiring more support as well as the specific support required.

Since the FujiLAM test was implemented at POC, the TAT was low
and results were available on the same day. Although the TAT was
shorter than Xpert MTB/RIF, [6,31], healthcare workers reported that
the test procedure was longer than they expected of a rapid test,
comparing it to the Abbott TB-LAM which had a shorter TAT [6]. The
FujiLAM test could be performed in batches to increase efficiency,
although this would also increase the TAT and may be inconvenient for
patients, thereby losing one of its main advantages. Clinic organisation
should ensure same day results within a reasonable timeframe to enable
commencement of TB treatment on the consultation day. Same day re-
sults were an important characteristic of an acceptable TB diagnostic test
from a patient perspective [20].

A strength of our study is that we conducted it in four different
countries with different implementation models. The diversity of the
study settings strengthens the generalisability of our findings; planners
in other settings can identify and adapt the most suitable model for
them. Secondly, the mixed methods design enabled us to compare and
contrast the quantitative and qualitative findings and to gain better
understanding of the different aspects of implementing the FujiLAM test.

There were some limitations to our study. First, some participants
might have felt that their employment would be negatively affected by
expressing certain views. We reduced the risk of response bias by
ensuring that all individual interviews and group discussions were
conducted by researchers external to the implementation sites, who had
no hierarchical working relationship with the study respondents, by
emphasising that participation was voluntary, and by ensuring their
confidentiality by removing their names from specific comments. Sec-
ond, individual healthcare worker proficiency testing evaluations were
conducted by persons well known to the healthcare worker being
assessed, thus a potential for bias. However, the assessors were in
management positions and had a direct line of management over the
assessed healthcare worker. Our assumption was that the assessments
were conducted with the same objectivity as would be applied in real life
daily supervision of work. Third, the FujiLAM test was conducted within
study settings where extra effort had been put in place to ensure
adequate human resources thereby limiting the generalisability of
introducing the test into busy settings. However, in two of the four study
sites, very little additions were necessary to existing healthcare workers
and overall, we believe that our findings are relevant even in real-life
settings as they highlight possible barriers and solutions.
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5. Conclusions

Implementing the FujiLAM test at POC in outpatient settings is
feasible using existing infrastructure. The test can be performed in clinic
laboratories, consultation rooms or other clinic spaces, and by health-
care workers with diverse backgrounds (including lay health workers).
The FujiLAM test is perceived as easy to perform and is well accepted as
a POC test by healthcare workers and managers despite the drawbacks
such as several timed steps in the test procedure and concerns regarding
integration of the test into daily routines. These drawbacks may be
addressed by ensuring adequate training and supervision as well as
identifying the best clinic spaces and healthcare workers to perform the
test according to the context of the health facility. Findings from this
study and others, including those on diagnostic accuracy, patient per-
spectives, and cost effectiveness would provide a holistic view on the
value of the FujiLAM test for programme managers and policy makers.

6. Ethics and consent

Permission to conduct the study was obtained from the Médecins
Sans Frontiéres Ethics Review Board (ERB:1985) and from the national
ethics review committees in Kenya (Kenya Medical Research Institute:
687), Mozambique (Comité Nacional de Bioética para Saude: 172/
CNBS/20), Uganda (Uganda National Council for Science and Tech-
nology: HS2764), and South Africa (KwaZulu-Natal University
Biomedical Research Ethics Committee: BREC/1623/2020). All partic-
ipants provided signed consent to participate in the study; they were
assigned unique identifiers and transcripts were anonymised.

7. Paper context

Slow uptake of the easy-to-use urine based test for TB diagnosis
(Abbott TB-LAM) raises concerns about the future implementation of a
newer, more sensitive but relatively complex test (FujiLAM). We found
that the FujiLAM test was acceptable to healthcare workers despite some
challenges faced; and technically could be competently performed by
healthcare workers with different backgrounds including lay-workers.
Implementation of the FujiLAM test is feasible in outpatient settings.
Further evaluations on the FujiLAM routine use will be needed after it is
approved for wider implementation.
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