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ABSTRACT

Background

We aimed to assess the usability of QIAreach QuantiFERON® platform in a high Tuberculosis
prevalence low-resource setting. Assay usability was assessed across 6 laboratories in Zambia.
Methods

Usability of QIAreach QuantiFERON and training needs for assay implementation were assessed
across three domains: effectiveness, efficiency, and user satisfaction. Nine laboratory workers
participated in the study. For each task, metrics on success (pass, fail, pass with hints), total task time,
and ease of use rating (five-point Likert scale) were collected.

Results

Overall tasks completion rate was from 89-100%. 1/9 participants, could not understand software
instructions. Average time from set up to results ranged from 22 to 40 minutes. Users with experience
performing the QFT-plus assay completed the test faster than users without experience, 26 minutes
versus 35 minutes. Two participants had difficulty loading the sample on QlAreach eStick. Two
participants could not adjust the pipette to the required volume of 150pL. Two participants did not
mix the test sample properly. One participant transferred the sample buffer twice and added
insufficient plasma to the sample processing tube. Two participants added the test sample to eStick
sample port many times. One participant added wrong information in the software. User satisfaction
ranged from 2 to 5.

Conclusion

The QIAreach QFT assay is suitable to be implemented in remote areas with limited infrastructure.
Further studies are needed to establish assay’s performances as well as the feasibility of introducing
this new assay at larger scale to improve TB control in regions with limited infrastructure.



INTRODUCTION

The World Health Organization (WHO) estimates that 1.8 billion people—close to one quarter of the
world's population are infected with Mycobacterium tuberculosis (Mth) [1]. Despite substantial
declines in TB incidence over the last decade, Zambia still has the seventh highest TB incidence in
sub-Saharan Africa and remains one of the 30 WHO high TB burden priority countries [2]. In 2019,
there were approximately 59 000 new individuals with active TB disease in Zambia (incidence rate
of 333 per 100 000 per year), which resulted in 15 400 TB-related deaths, of which 62% were among
PLHIV [2].

Management of TB infection represents a neglected component of national tuberculosis (TB)
programmes [3]. A reliable diagnosis followed by successful TB preventive therapy is crucial to reach
the End TB strategy goals and to eliminate TB [4, 5]. Tuberculin Skin Test (TST) and Interferon
Gamma Release Assays (IGRAS) are the main diagnostic tools for TB infection diagnosis, however,
both present strengths and limitations [6]. The TST requires two visits, is not easy to administer and
is influenced by conditions, including BCG vaccination, that can reduce the skin reactivity [7-9].
IGRA demonstrated to overcome the drawbacks of TST [10]. To date, two IGRA tests are
recommended by the World Health Organization (WHO): T-SPOT®.TB (Oxford Immunotec,

Abingdon, UK) and QuantiFERON®-TB Gold Plus (QFT-Plus, QIAGEN, Hilden, Germany) [11].

The QFT-Plus is a new generation IGRA that uses innovative antigens that elicit both CD8 and CD4
T cell responses, enabling a more comprehensive assessment of cell-mediated immune response to
TB infection [12, 13]. Need for established laboratory infrastructure and trained personnel represent
one of the main barriers for the implementation of QFT plus in low resource settings [14]. QIAGEN
has recently developed a new lateral flow immunoassay for the diagnosis of TB infection, the
QlAreach QuantiFERON-TB (QlAreach™ QFT) assay. The QIAreach™ QFT is a semi-automated
assay that uses the same TB2 tube of QFT-Plus to detect IFN-y in plasma released from both CD4
and CD8 T cells. After incubation, without the need to perform enzyme-linked immunosorbent assay
(ELISA), the sample is analyzed on a portable platform, eHubs, performing up to eight tests in 20
minutes time, providing a final qualitative result (positive, negative, error) [15, 16].

In this paper we aimed to assess the usability of QlAreach QuantiFERON® platform in a high
tuberculosis prevalence low-resource setting. We report the results of the QlAreach QFT assay
usability study conducted across 6 laboratories in Zambia using whole blood collected from
participants enrolled in the Tuberculosis Reduction through Expanded Antiretroviral Treatment and
Screening (TREATS) infection cohort study.

METHODS

The study was conducted across six laboratories situated in four provinces of Zambia. The six
laboratories were the Zambart Central Laboratory located in Lusaka (Lusaka province) and five
regional laboratories located in Livingstone (Southern province), Choma (Southern province), Kabwe
(Central province), Ndola (Copperbelt province) and Kitwe (Copperbelt province). The selected
laboratories were purposively and conveniently chosen due to their involvement with the TREATS
Infection cohort study in Zambia. Usability of the QIAreach QFT and training needs for the assay
implementation were assessed across three domains: effectiveness, efficiency, and user satisfaction.
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To achieve a valid preliminary data on usability, nine laboratory workers (two laboratory assistants,
three laboratory scientists and four laboratory technicians) were purposively selected based on their
job title and laboratory experience [17]. Operators were provided with the following: the QlAreach
QFT eHub, a laptop computer with pre-installed QlAreach QFT software (optional; for connectivity
with laboratory reporting systems only), QIAreach QFT test kits and diluent buffer, QlAreach QFT
package insert, an adjustable standard laboratory pipette capable of dispensing 150ul and disposable
pipette tips, and TB2 tube with harvested plasma. During the usability testing, operators were asked
to read the instruction outlined in the package insert, and complete four tasks using both the eHubs
and software. The operators did not receive any initial aid from the observer. If participants struggled
with a task, the observer provided hints to help users through the process.

For each task, metrics on success (pass, fail, pass with hints), total task time, and ease of use rating
(five-point Likert scale) were collected. Total task time is an indicator of user efficiency. Shorter task
times on subsequent identical tasks are indicative of learnability. Common errors were collected after
assay completion and categorized in those issues that prevent user from completing the assay and
those that increase the risk of human error during the task.

Written consent was obtained from eligible participants, who agreed to take part in the TREATS
infection cohort at enrolment and there was no additional consent obtained for this study.

Ethics approval for the Infection cohort was obtained from the Biomedical Research Ethics
Committees of the University of Zambia, Lusaka, Zambia and the London School of Hygiene &
Tropical Medicine, London, UK.

RESULTS

Overall tasks completion rate was from 89-100%. Table 1 provides a visual representation of pass
and fail rates of each tasks. One participant out of nine, could not understand the software instructions
in the QlAreach QFT package insert. However, the participant was able to complete the assay
manually. Two participants had difficulty loading the sample on the QIAreach eStick. The average
time from set up to results ranged from 22 to 40 minutes. Users with experience performing the QFT-
plus assay completed the test faster than users without experience, 26 minutes versus 35 minutes.
Two participants were unable to adjust the pipette to the required volume of 150uL. Two participants
tried to mix the test sample up and down without the disposable tip on the pipette. One participant
transferred the sample buffer twice and added insufficient plasma to the sample processing tube. Two
participants added the test sample to the eStick sample port many times. One participant added wrong
information in the software.

On average, participants had seven years of laboratory experience. When asked about previous
experience with IGRA technology, six operators reported experience using the QuantiFERON Gold-
In-Tube/Plus.

DISCUSSION

The QIAreach QFT test provides a significant contribution to global TB infection diagnostics. The
usability assessment of the QlIAreach QFT represents an important aspect that affect user acceptance
and the introduction of a new test into the TB care cascade. In our study, we found that all participants
obtained valid results and could use the platform without any problems or with little difficulties.
Operators with prior experience with QFT-plus completed the tasks faster than users without prior
experience. Only one operator did not use the software due to his limited computer skill. The study
also showed that seven operators out of nine correctly used laboratory pipette without any difficulty.
The key issue categorized as being at the risk of human error when performing the assay was a lack



of practice using the standard laboratory pipette. However, considering that the skills for using
laboratory pipette in low-resource settings is very limited, a disposable pipette and video training is
recommended to reduce errors.

The primary driver of failed task was due to lack of expertise in computer. High inconsistencies
with the features of the device and those described in the instructions were found. Regardless of
these challenges, ease of use rating was assigned, with a majority of participants reporting ratings of
4 or 5 on a Likert scale assay usability. When asked about satisfaction, the participants commented
on the platform being user-friendly, the content being enough and instructions being easy to
understand and follow. Time taken for each user to perform the assay from the first to the last
sample decreased as the user’s experience and familiarity with the assay increased.

This study demonstrated that QIAreach QFT has a number of operational advantages compared to
the more complex current IGRA’s assay. The QIAreach QFT is an innovative digital lateral flow,
battery operated system that replaces the laboratory-based ELISA workflow. The system also uses an
optimized single tube workflow requiring 1 mL compared with the 4 mL needed for QFT-plus and
T-SPOT. The QlAreach QFT assay requires a time to results of 20 minutes compared to the 150
minutes needed for the ELISA-based detection assay. In addition, the QIAreach QFT allows running
eight samples independently eliminating the need to batch samples and provide timely TB infection
diagnosis.

CONCLUSION

The QIlAreach QFT assay is suitable to be implemented in the remote area where limited
infrastructure has hampered the accessibility of IGRA technologies to those in needs. Further studies
are needed to establish assay’s performances as well as the feasibility of introducing this new assay
at larger scale to improve TB control in regions with limited infrastructure.



P1 P2 P3 P4 25 P6 P7 P8 P9 | Effectiveness

-Pass rate
Task 1 P P P P P P P P P 9/9 (100%)
Task 2 PH PH P P P P P P P 9/9 (100%)
Task 3 PH PH P P P P P P P 9/9 (100%)
Tasks 4 F PH P P P P P P P 8/9 (89%)

Efficiency - | 40 36 30 30 26 23 29 26 22
Time from
set up to
results
(minutes)®

User 2 4 4 4 5 5 4 5 4
satisfaction*

Table 1: Summary of tasks success rate, time from setup to results and user satisfaction by participant

Each column represents a participant and each row is a task

Task 1 -Setup: Place blood tube on eHub, place eStick in eHub, add processing tube on eHub

Task 2 — Load sample: Add buffer to processing tube, Remove plasma from blood tube, Add plasma to processing tube,
Mix plasma and buffer in processing tube

Task 3 — Run test: Add test sample to eStick port

Task 4- Process results: Enter and track data on Software

P= Pass; F= Fail; PH= Pass with hint; = Mean * = Likert scale 1- Very unsatisfied, 2 — Unsatisfied. 3 - Neutral, 4-
Satisfied, 5- Very satisfied
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