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ABSTRACT

Introduction Accurate and affordable laboratory testing
is key to timely diagnosis and appropriate management
of patients with COVID-19. New laboratory test protocols
are released into the market under emergency use
authorisation with limited evidence on diagnostic test
accuracy. As such, robust evidence on the diagnostic
accuracy and the costs of available tests is urgently
needed to inform policy and practice especially in
resource-limited settings. We aim to determine the
diagnostic test accuracy, cost-effectiveness and utility of
laboratory test strategies for COVID-19 in low-income and
middle-income countries.

Methods and analysis This will be a multistaged,
protocol-driven systematic review conducted in line with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines for diagnostic test
accuracy studies. We will search for relevant literature in
at least six public health databases, including PubMed,
Google Scholar, MEDLINE, Scopus, Web of Science and
the WHO Global Index Medicus. In addition, we will

search Cochrane Library, COVID-END and grey literature
databases to identify additional relevant articles before
double-screening and abstraction of data. We will conduct
a structured narrative and quantitative synthesis of the
results guided by the Fryback and Thornbury framework
for assessing a diagnostic test. The primary outcome

is COVID-19 diagnostic test accuracy. Using the GRADE
approach specific to diagnostic accuracy tests, we will
appraise the overall quality of evidence and report the
results following the original PRISMA statement. The
protocol is registered with the International Prospective
Register of Systematic Reviews (PROSPERO; https://www.
crd.york.ac.uk/prospero/).

Ethics and dissemination Ethical review was done

by the School of Biomedical Sciences Research Ethics
Committee and the Uganda National Council for Science
and Technology. The published article will be accessible to
policy and decision makers. The findings of this review will
guide clinical practice and policy decisions and highlight
areas for future research.
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Strengths and limitations of this study
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» The study will contribute to strengthening the ev-
idence base on the effectiveness of laboratory
testing strategies for COVID-19 in hospitals and
community populations in low-income and middle-
income countries (LMICs).

» The protocol has been written following the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses guidelines.

» The GRADE system will be used to ascertain the
strength of the evidence base for each outcome
and to report data for the primary outcome in a
‘Summary of Findings table’.

» The review is limited to evidence from LMICs.

» Non-English databases will not be searched and this
may introduce language bias.

PROSPERO registration number CRD42020209528.

BACKGROUND

COVID-19 is a viral pneumonia caused by
a novel coronavirus, initially named 2019
novel coronavirus (2019-nCoV) and subse-
quently changed to severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) by the
International Committee on Taxonomy of
Viruses.' Initial cases of COVID-19 were iden-
tified in Wuhan, Hubei Province, China in
December 2019. The epidemic later spread
to other countries, reaching Egypt and Africa
on 14 February 2020. On 11 March 2020, the
disease was declared by the WHO a global
pandemic.”

Proper clinical management and control
of this pandemic warrant laboratory diag-
nosis and testing of appropriate specimens
from patients meeting the suspected case
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definition for COVID-19 as a priority.” Detection of viral
nucleic acid using nucleic acid amplification tests such as
reverse transcription-PCR (RT-PCR) is the gold standard
for diagnosis of SARS-CoV-2 infection." Real-time RT-PCR
assays are characterised by rapid detection and high sensi-
tivity and specificity and hence recommended for diag-
nosis of early COVID-19 infections.*

The RT-PCR assay is complex, time-consuming and
associated with risk of eliciting false-negative and false-
positive results because it is easily affected by factors such
as collection time, sample type and nature of sample pres-
ervation.” ® Each PCR test may cost hundreds of dollars
and requires the use of sophisticated equipment and
expensive reagents.” According to the Ministry of Health
in Uganda, each PCR diagnostic test (WHO-approved)
costs approximately $65. This high cost is a potential
barrier to majority of the population. Furthermore, this
method is unable to meet the principles of early detec-
tion, early isolation and early treatment and hence not
favourable for prevention and control of the epidemic.’

Existing evidence also highlights inconsistencies in
the diagnostic accuracy of these assays. More so, most
of the evidence on diagnostic accuracy is largely from
developed countries, where the COVID-19 curves are
flattening. Low-income and middle-income settings are
now the epicentre of the pandemic, yet evidence on the
diagnostic accuracy of existing tests is largely lacking. This
review addresses this knowledge gap on the diagnostic
accuracy of available assays to further strengthen the role
of testing in the COVID-19 response in these settings.

Rationale

According to a systematic review and meta-analysis of arti-
cles on diagnostic accuracy from China, Denmark, Italy,
Japan, Spain, Sweden, UK, USA and Germany, the pooled
sensitivity of ELISA measuring IgG or IgM was 84.3%, for
lateral flow immunoassays was 66.0% and for chemilu-
minescent immunoassays was 97.8%." In the same study,
the pooled specificity ranged from 96.6% to 99.7%.° In
a similar meta-analysis of studies from North and South
America, Europe and China, the average sensitivity of
rapid antigen tests was 56.2% and the average specificity
was 99.5%.” In the same study, the average sensitivity of
rapid immunoassays was 95.2% and the specificity was
98.9%.° Based on the findings of these review studies,
the diagnostic accuracy of these assays varies and remains
questionable. Also, these reviews may not be used to
depict the diagnostic accuracy of assays in low-income
and middle-income countries (LMICs). Therefore, there
is a need to review the diagnostic test accuracy of these
tests in LMICs as they are key in the fight against the
pandemic.

According to Fryback and Thornbury,' it is necessary
to assure the efficacy of a diagnostic technique at six
levels. This involves determining the technical quality
(does the test measure what it purports to measure?),
diagnostic accuracy (sensitivity and specificity of the test),
diagnostic thinking efficacy (does the test help clinicians

Table 1 The PICOST model for the review question

PICOST element

Population/setting

Description

Adults (18 years and above) in LMIC
settings as defined by the World
Bank.

New index laboratory test;
peripheral laboratory testing strategy
or mass testing (pooling).

Reference tests for COVID-19 (gold
standard) and the current standard

of testing strategy (centralised and

individualised).

Intervention/exposure

Comparator

Outcome Types of tests available; diagnostic
test accuracy (sensitivity, specificity,
predictive values); costs and cost-
effectiveness of the tests; relative

risk of testing strategy.

Study design Diagnostic accuracy studies of
observational design (cross-
sectional, case—control and cohort
studies), and diagnostic strategy
studies of experimental design or
randomised trials on COVID-19

laboratory testing.

Timing of outcome 72 hours.

assessment

LMIC, low-income and middle-income country.

come to a diagnosis?), therapeutic efficacy (does it aid
in planning treatment?), whether patients benefit from
the use of the test, and the societal efficacy (cost-benefit
and cost-effectiveness).'’ This review therefore seeks to
generate evidence-based recommendations that support
the effectiveness of testing strategies and the utility of
testing in the control and management of COVID-19 in
LMICs through a rapid review.

METHODS

The evidence synthesis will be protocol-driven. The
protocol is registered with the International Prospective
Register of Systematic Reviews (PROSPERO; https://
www.crd.york.ac.uk/prospero/) and will be published
in a peerreviewed journal after further development
following the statement of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses guidelines for
diagnostic test accuracy studies (PRISMA-DTA)."*

Review question

The review question is: what is the effectiveness of labo-
ratory testing strategy for COVID-19 in hospitals and
community populations in LMICs?

Our review will be guided by the following elements
of PICOST (population/setting, intervention/exposure,
comparator, outcome, study design, timing of outcome
assessment) (table 1).
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Outcomes

The primary outcome is the diagnostic test accuracy
(sensitivity and specificity) of COVID-19 laboratory test
methods in LMICs. The secondary outcomes are the types
of COVID-19 tests that are available in LMICs, the effect
(relative risk) of the testing strategy, and the cost and cost-
effectiveness (incremental cost-effectiveness ratio, ICER)
of the various COVID-19 testing algorithms.

Eligibility and selection of studies

Studies will be included if they are published in peer-
reviewed journals from January 2020 to present; are
studies about PCR assay tests for COVID-19 and rapid
point-of-care diagnostic tests; studies conducted on adults
(18 years and above) in LMIC settings; and observational
studies (cross-sectional, case—control and cohort studies),
systematic reviews and randomised controlled trials on
COVID-19 laboratory testing.

We intend to exclude studies about index COVID-19
tests without a reference standard; clinical COVID-19
diagnosis alone without verification with any laboratory
test; modelling studies on COVID-19 testing; manu-
facturers’ brochures on COVID-19 testing; studies on
children <18 years as they are an unlikely source of trans-
mission; or COVID-19 laboratory tests not recommended
by the WHO.

Data sources

Article search will be performed on the following data-
bases: PubMed, Google Scholar, MEDLINE, Scopus, Web
of Science and the WHO Global Index Medicus. Manual
searches will be conducted in websites of organisations
championing COVID-19 management for grey literature,
including but not limited to manufacturers of COVID-19
laboratory tests; Centers for Disease Control and Preven-
tion in Africa, China, Europe and the USA; the WHO;
specialised research institutions in Africa, such as the
Uganda Virus Research Institute and Kenya Medical
Research Institute; and departments of health such as the
Ministry of Health in Uganda, South Africa (Southern
Africa), Nigeria (West Africa), and Rwanda and Kenya
(Eastern Africa). A list of key experts in diagnosis and
testing will be developed and contacted to obtain more
information on this subject matter.

Search strategy

The search strategy was developed by our information
science specialist (AAK). This search strategy was piloted
in PubMed to test for precision of appropriate articles
retrieved. We will identify additional relevant articles by
manually searching the reference list of selected articles,
consulting experts in this field, and searching targeted
libraries and websites such as Cochrane and COVID-END.

Search terms

We will use the following search terms: COVID-19, 2019-
nCOV, novel corona virus disease, Wuhan pneumonia,
severe acute respiratory syndrome related corona virus-2,
SARS-CoV-2 and corona virus disease-19. We will also use

the following Medical Subject Heading (MeSH) terms
to identify the tests: testing, tests, diagnosis, diagnostics,
COVID-19 ‘point of care tests’, Wuhan corona virus tests,
laboratory test, corona virus tests and corona virus testing.
The search will be limited to LMICs and the search terms
will be combined using Boolean operators (AND, OR,
NOT) in the electronic search engines.'” This search
string from PubMed will be adapted to the syntax of other
targeted databases for this review (online supplemental
file 1).

Data management, screening and selection

The EndNote software will be used for the initial manage-
ment of references of the search results. These will later
be exported to online open access review management
software for screening, coding and analysis. The retrieved
articles will be exported to EndNote and duplicates will
be removed. The studies will then be screened in dupli-
cate following a priori criteria for eligibility (online
supplemental file 2). The screening will be performed
independently by two review team pairs (OKO, KE, NL
and EN), and any disagreements between the reviewers
will be resolved by consensus, with further disagreements
referred to a tie breaker (EAO or MO).

Data abstraction and coding

The data abstraction form will be developed in an Excel
2007 spreadsheet. The coding process will be performed
independently by two research team members (OKO, KE,
NL and EN), whose results will be reconciled. Disagree-
ments will be resolved through discussion, and later inde-
pendent senior reviewers (EAO and MO) will validate
the results for quality control and assurance to ensure
completeness and correctness.

The following data will be extracted from the articles
in a table format: author, year of publication, author affil-
iation, study design, funding source and other PICOST
items, as shown in table 1. The outcome data items are the
types of tests available, diagnostic test accuracy (sensitivity,
specificity, predictive values), costs and cost-effectiveness
of the tests, and relative risk of the testing strategy (online
supplemental file 3).

Framework for review synthesis

Our review will be guided by the Fryback and Thornbury'
framework to establish diagnostic test efficacy, focusing
on three levels. These are ‘technical efficacy’, ‘diagnostic
accuracy efficacy’ and ‘societal efficacy’. This six-tiered
model is a continuum for diagnostic test efficacy and
assesses the effectiveness of laboratory testing strategy
for COVID-19 among hospitals and community popula-
tions in LMICs. The other levels are ‘diagnostic thinking
efficacy’, ‘therapeutic efficacy’ and ‘patient outcome effi-
cacy’ and are less applicable to this review.

Briefly, the following are the three levels of interest:
(1) Technical efficacy concerns physical parameters
describing the technical quality of a diagnostic test.
These are derived under optimal laboratory conditions
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and are prerequisites to consideration of efficacy at all
subsequent levels. These include the turnaround time,
type of the sample and diagnostic test algorithm, that is,
single test or series of tests. (2) Diagnostic accuracy effi-
cacy is characterised by the yield of abnormal or normal
diagnoses in a case series. This will be measured as a
percentage of the correct diagnoses in the case series, the
positive and negative predictive values, and the sensitivity
and specificity of a given COVID-19 laboratory diagnostic
test. (3) Societal efficacy goes beyond the individual risk
and benefit of a given COVID-19 test and denotes the cost
borne by the society as whole for the diagnostic test to be
acceptable for use regardless of the efficacy of the test on
individual patient application at any other level. We will
estimate whether a given COVID-19 laboratory test is effi-
cacious to an extent that it is an efficient use of resources
and provides medical benefits to the society given the low-
income and middle-income setting. We will calculate the
cost per unit output (measures from level 1 to 6) of a
given COVID-19 diagnostic test and the cost-effectiveness
by calculating the ICER as a difference between the costs
of two given COVID-19 laboratory tests divided by the
difference in their effects (measures from level 2).

To determine the relative risk/effect of the testing
strategy, we will conduct regression analysis with a
random effects model and estimate the relative risk ratios
to identify the types of strategies which are associated
with optimal strategies associated with optimal specificity
and sensitivity cut-offs. Relative risk ratios and CIs will be
reported.

Data synthesis

The syntheses will be in the form of summary of find-
ings tables, simple graphs and forest plots, as applicable,
using STATA V.15. The Fryback and Thornbury frame-
work'? will guide this synthesis. First, a structured narra-
tive synthesis of the results will be conducted. This will
describe the types of data available, including the tests
and the study design. Second, the quantitative synthesis
will be outcome-based considering the primary outcome
(diagnostic test accuracy of COVID-19 laboratory tests)
and the secondary outcomes (costs, cost-effectiveness,
turnaround times and the diagnostic testing strategy:
centralised versus peripheral; and targeted individual
testing versus pooling of samples for scale-up). We will
use mixed effects model with the Duckworth-Lewis-Stern
method to calculate the overall target score for accuracy.
Reporting of these findings will be in line with the PRIS-
MA-DTA statement.'”

Risk of bias assessment

Two reviewers (EN, OKO, NL or KE) will independently
evaluate the methodological quality using the Quality
Assessment of Diagnostic Accuracy Studies approach
(QUADAS-2 tool)."* Bias will be assessed by making judge-
ments (high, low and unclear) on individual elements
from five domains (selection bias, attrition bias, perfor-
mance bias, reporting bias, detection bias and other

biases, ie, conflict of interest). Any disagreements will be
resolved through discussion and involvement of a senior
reviewer (MO or EAO).

Publication bias

All included articles will be assessed for publication
bias based on the asymmetry of the funnel plot and/
or Egger’s test,"” as appropriate; these are simple rank-
based data augmentation techniques which have been
proven to be accurate in assessing publication bias due
to missing studies.'® We will plot funnel plots and use the
symmetry of the plots to detect the likelihood of publi-
cation bias among the articles included in the review.
Graphically, in the absence of missing studies, the shape
of the scatter plot resembles a symmetrical inverted
funnel with a wide base and a narrow top. The presence
of large ‘holes’—most often seen close to the bottom—
or asymmetry in the plot indicates publication bias, but
could also be explained by other factors such as study
heterogeneity.

Heterogeneity

To assess the level of statistical heterogeneity in the arti-
cles, I? statistics will be used.?? ' The I° statistics will indi-
cate percentage (%) heterogeneity that can be attributed
to between-study variance. An I* of 25% indicates low
heterogeneity, I* of 50% moderate heterogeneity and
I* of 75% high heterogeneity. Subgroup analysis will be
done on articles with low and moderate heterogeneity.

Quality assessment

To assess the quality of evidence from the reviews, we will
use AMSTAR 2 (A Measurement Tool to Assess System-
atic Reviews), which is a critical appraisal tool for system-
atic reviews that include randomised or non-randomised
studies of healthcare interventions or both." The tool
contains 10 domains against which the articles are assessed
for quality. The overall quality of evidence will be assessed
using a modified Grading of Recommendations Assess-
ment, Development and Evaluation (GRADE) approach,
where we will assign certainty of evidence ratings for the
outcome variables listed above based on an approach
developed by the GRADE Working Group'? and will be
done in duplicate, with any disagreements resolved by
consensus.

Ethics approval and consent to participate

The review protocol was reviewed and approved by the
Makerere University School of Biomedical Sciences Insti-
tutional Review Board and the Uganda National Council
for Science and Technology.

Patient and public involvement

There was no patient and public engagement in the
design, interpretation or dissemination of the findings
nor will it be required in this review since it will use
already published data.
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