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The global health challenge posed by hepatitis B virus (HBV) and hepatitis C virus (HCV)

persists, especially in low-and-middle-income countries (LMICs), where underdiagnosis

of these viral infections remains a barrier to the elimination target of 2030. HBV and HCV

infections are responsible for most liver-related mortality worldwide. Infected individuals

are often unaware of their condition and as a result, continue to transmit these viruses.

Although conventional diagnostic tests exist, in LMIC they are largely inaccessible due to

high costs or a lack of trained personnel, resulting in poor linkage to care and increased

infections. Timely and accurate diagnosis is needed to achieve elimination of hepatitis

B and C by the year 2030 as set out by the World Health Organization Global Health

Sector Strategy. In this review rapid diagnostic tests allowing for quick and cost-effective

screening and diagnosis of HBV and HCV, are discussed, as are their features, including

suitability, reliability, and applicability in LMIC, particularly those within Africa.

Keywords: hepatitis B virus, hepatitis C virus, rapid diagnostics, future directions, point-of-care

INTRODUCTION

Elimination of viral hepatitis by 2030, as articulated in the Global Hepatitis Health Sector Strategy
(1), is dependent on several factors, including increased rates of diagnoses in global communities
facilitated by use of dried blood spot technology and rapid diagnostic tools, such as point-of-care
(POC) assays, to increase access to testing, care and therapy (2, 3). Gaps in hepatitis B virus (HBV)
and hepatitis C virus (HCV) screening, treatment, and monitoring, as well as a lack of effective
therapeutic management options for HBV/HCV-related liver cancer in resource-poor countries
have resulted in a low survival rate in affected individuals (4). Elimination of viral hepatitis,
especially hepatitis B and hepatitis C, can only become feasible when increased screening, diagnosis
and other health care services are made accessible to an infected population often unaware of their
infection status (5), or who have not yet entered into care and treatment (6).

Studies have identified numerous barriers to the diagnosis of viral hepatitis in a timely and
accurate fashion. Particularly in low- and middle-income countries (LMIC) (7), conventional
laboratory-based tests (LBT) may not be accessible, due to a lack of laboratory infrastructure,
equipment capacity, or a skilled workforce able to provide diagnostic testing under a quality
assurance program (8). Further challenges include socioeconomic inequities precluding some from
accessing quality care, or the remoteness of some communities, necessitating shipping of clinical
specimens to central laboratories, which can compromise specimen integrity and delay test results.
These obstacles limit timely diagnosis of infection, allowing for ongoing transmission in keeping
with the observed hyper-endemicity of HBV and HCV infections in LMIC (1). Countries classified
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as LMIC, based onWorld Bank rankings (9), may also experience
unique regional challenges, while a lack of reliable infrastructure
and financial resources are common factors (10). Social factors
may also be considered to influence HBV and HCV transmission
in LMICs. Major challenges facing sub-Saharan African regions
include situations in which internally displaced persons may
seek safety and migrate as refugees to adjacent countries. In
this environment, refugees are normally not screened for viral
hepatitis (11, 12) nor is vaccination commonly provided (13).
These exceptional circumstances disrupt the standard of care
required to appropriately screen for and detect infection, leading
to underdiagnosis of viral hepatitis and an inadequate system for
prevention, contact tracing, and entry into care.

Chronic hepatitis B (CHB) infection affects over a quarter
of a billion individuals worldwide, accounting for most chronic
viral hepatitis infections in LMIC (∼230 million) (14). Similarly,
HCV infections within LMIC account for 73% of worldwide
chronic HCV, or ∼52 million people (14, 15). HBV and HCV
are among the major bloodborne viruses that infect and replicate
in liver cells (hepatocytes), resulting in a high risk of consequent
severe disease, including cirrhosis and hepatocellular carcinoma
(16). Hepatitis B and C viruses, are transmitted primarily by
blood and bodily fluids from infected persons, with average
incubation periods of about 30 and 45 days, respectively (17,
18). Sexual transmission and parenteral-associated risk factors,
such as injection drug use or unsafe medical practices, are
common among both HBV and HCV infections (18, 19), while
the risk of mother-to-infant transmission is higher with HBV
than HCV chronically infected mothers, depending upon viral
load and co-infections (20). Within LMIC, vertical transmission
of HBV from mother to child is understood to be the major
contributor to endemicity (21), although multiple sex partners,
occupational percutaneous transmission, and lack of awareness
of HBV also contributes to increased prevalence, particularly
within sub-Saharan Africa (12, 22, 23). HCV is transmitted in
the same manner, although the major source of HCV endemicity
in LMIC is iatrogenic transmission (healthcare exposures,
people who inject drugs (PWID), etc.) (12, 24). Acute HBV
and HCV infections may be associated with mild or severe
symptoms, with a variable risk of developing chronic infection,
including age at infection for HBV (6, 25). Among HIV/HBV
or HIV/HCV co-infected patients, severe hepatic outcomes due
to viral hepatitis infection will impact the overall severity and
progression of disease (3, 26). The prevalence of HBV and HCV
among sub-Saharan African countries is similar, but will differ
depending on the risk level among populations. Studies within
Nigeria have reported an HBV prevalence of 7.4% (241/3,238)
among pregnant women (27), 10% among students in tertiary
institutions (22), and 5.3% prevalence among HIV co-infected
children (28). The prevalence of anti-HCV seropositivity among
Nigerian students aged 21–23 years old was 12% (24), but was
considerably lower in pregnant women (0.36%) and blood donors
(1.43%) (12, 29). Ayele et al. (12) reported an overall HBsAg
and anti-HCV antibody prevalence of 7.3% (33/453) and 2.0%
(9/453) among refugees in Ethiopia, respectively (12). Medical
students in eastern Ethiopia were reported to have an HBsAg
prevalence of 11.5% (95%CI = 8.6, 14.7), while blood donors in

southern Nigeria had 31.71% (of 164 cases) HBsAg positivity (30,
31). Thus, the epidemiology and unique conditions influencing
transmission risk and prevalence of HBV and HCV within sub-
Saharan Africa pose challenges for the detection, management,
and prevention of viral hepatitis. This review aims to describe
various HBV and HCV biomarkers and the rapid diagnostic tools
that are available for their detection. The utility of these assays
within LMIC, particularly within sub-Saharan Africa, will also
be discussed.

SEROLOGICAL AND MOLECULAR
MARKERS OF HBV AND HCV INFECTIONS

Hepatitis B and hepatitis C viral particles are comprised of
core-composed capsids and a host lipid envelope studded with
viral proteins. Viral particles are secreted from infected cells
and can be detected in the blood of patients; thus, these
protein components are also a target of the host immune
system (32). Infection with HBV produces a host of immune
responses in patients with resultant immunological markers
detectable in the blood (33, 34). These markers (Table 1),
function at different levels of screening, diagnosis, assessment
of liver disease stage, eligibility for treatment, treatment
management, and monitoring for hepatocellular carcinoma
(HCC) (32). Different HBV serological markers of infection
include the small surface protein (HBsAg), primarily detected
in serum and secreted as subviral particles consisting of
host lipid and membrane-bound protein, antibody to the
surface protein (anti-HBs), antibody to the viral core protein
(anti-HBc) consisting of both immunoglobulin M (IgM) and
immunoglobulin G (IgG), the secreted, non-structural HBeAg
protein, and antibody to HBeAg (anti-HBe) (35). HBV DNA
present in viral particles can be extracted from patient serum
for detection, quantification, and sequence analysis, as a
molecular marker. Novel HBV biomarkers are also being
explored for their predictive value in patient treatment and
management and include HBV core-related antigen (HBcrAg)
and HBV serum RNA (38, 45). The whole of the HBV
marker profile provides a road map to understand the different
phases of HBV infection and thus they are key diagnostic
components for screening, diagnosis and treatment management
(Table 1).

HCV is initially diagnosed through serology by the use of
an enzyme immunoassay (EIA) which typically detects anti-
HCV in serum or plasma (46). Primary serological results are
normally confirmed by an orthogonal immunoassay approach,
an immunoassay signal to cutoff ratio or by use of molecular
tools such as nucleic acid amplification tests using polymerase
chain reaction to detect the HCV RNA (47, 48). As a positive
antibody test alone cannot differentiate acute from chronic HCV
infection (49), laboratory diagnosis of acute HCV infection is
aided by observed seroconversion, or a positive test for viral
detection (HCV RNA or core antigen; Table 1) in a seropositive
case not previously reported, consistent with epidemiological risk
and exposure history.
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TABLE 1 | Detectable serological and molecular markers of HBV and HCV infection.

HBV

serological/virological

biomarkers

Interpretation following detection in patient’s sample References

Primary diagnostic tests HBsAg Acute or chronic infection/quantitative measure available as a

monitoring test; increased levels predict increased HCC risk

(32, 35–37)

Anti-HBs Natural or vaccine-based immunity

Anti-HBc Total (IgG and IgM) Chronic or past infection/quantitative measure available as a

monitoring test

Anti-HBc IgM Recent/acute infection <6 months; may be present during

chronic flare

Prognostic or monitoring tests HBeAg Active HBV replication/increased risk of transmission (36, 38–40)

Anti-HBe Chronic infection (HBeAg negative chronic infection or

hepatitis phases)

HBV DNA Active infection/progressive disease

HBcrAg Surrogate of cccDNA transcriptional activity/may predict

HBeAg seroconversion and HCC occurrence and progression

HBV serum RNA May discern phase of infection/may predict HBeAg

seroconversion, progressive disease, or relapse following

treatment cessation. May predict HCC occurrence

HCV virological markers Interpretation following detection in patient’s sample References

Anti-HCV Presence of chronic or past infection (41–44)

HCVcore Ag Active viral replication; supplementary/alternative to HCV RNA

test

HCV RNA Active viral replication/acute or chronic HCV infection; may

predict progressive liver disease

RAPID POINT OF CARE DIAGNOSTIC
TESTING

Diagnoses of HBV and HCV infections have traditionally been
performed with conventional serological and molecular LBT
to detect relevant serum-based antibodies and antigens as well
as extracted viral nucleic acid (Table 1) (50, 51). LBT tests
have been the gold standard for diagnoses of HIV, HBV and
HCV infections in both resource rich and limited countries
(52). Although gold standard EIA and molecular detection
tests have exquisitely high sensitivity and specificity, limitations
exist regarding their use in resource-limited regions, including
inaccessibility, long turn-around time, need for well-trained staff
and a well-equipped laboratory, and most importantly high costs
(36), which may be overcome by use of less expensive and rapid
or POC diagnostic tests which are attractive alternatives to LBT
(53). Rapid diagnostic tests may be performed by the user (self-
test) or trained personnel in the home or other non-medical
facilities. Rapid tests that are performed within health facilities
staffed by health professionals are POC tests, which permit rapid
diagnosis and treatment or entry into care in a single visit (54).
Self-testing strategies which remove the requirement to undergo
POC testing at a healthcare facility have been assessed in LMIC
regions and have shown advantages of ease of use, convenience,
and privacy; however, provision of testing instructions, at the
point of sale (pharmacy or hospital) is likely required tominimize
confusion and ensure the procedure is followed correctly (55,
56). The major limitations of most POC tests in LMIC involve
procurement, distribution and handling of POC tests, training of

personnel, and regulatory protocols which may hinder access in
certain LMIC (32).

LMIC may benefit from reappraisal of the testing algorithm
used in high income countries, such that entry into care
and treatment is initiated based on a combination of rapid
and confirmatory testing to provide the most efficient, cost-
effective, and accurate diagnoses (57–60). Significantly, the cost-
effectiveness and utility of rapid tests for effective screening is
not necessarily realized in high resource countries, dependent on
infection prevalence and the rate of successful prevention and
management of chronic infection (61). Well-recognized testing
platforms for rapid diagnostic testing that will be discussed in this
review include lateral flow devices (serological marker detection),
rapid, cartridge-based molecular marker detection devices, and
dried blood spot collection to facilitate screening, diagnosis,
and monitoring.

Lateral Flow Rapid Diagnostic Tests (RDT)
Three HBV immunochromatographic RDT that have been
prequalified by the World Health Organization (WHO) include
Determine HBsAg (Alere Medical Co. Ltd, Chiba-ken, Japan),
VIKIA HBsAg (bioMerieux SA, Marcy-I’E’toile, France) and
SD Bioline WB (Abbott Diagnostics Korea Inc. Giheung-gu,
Republic of Korea) [74]. These RDTs have met WHO ASSURED
criteria (affordable, sensitive, specific, user-friendly, rapid and
robust, equipment-free, and deliverable to end-users) and detect
HBsAg and HBeAg in a single-use, disposable format (62).
Evaluation of a rapid immunochromatographic test (Binax
NOW, Maine, USA) for simultaneous detection of HBsAg and

Frontiers in Virology | www.frontiersin.org 3 October 2021 | Volume 1 | Article 742722

https://www.frontiersin.org/journals/virology
https://www.frontiersin.org
https://www.frontiersin.org/journals/virology#articles


Shenge and Osiowy Rapid Diagnostics for HBV and HCV

HBeAg, in comparison with standard EIA, showed excellent
accuracy, with sensitivity and specificity for HBsAg detection at
95 and 100%, respectively, although performance characteristics
for HBeAg detection were decreased compared with the EIA
method (80% sensitivity, 98% specificity) (63).

Several immunochromatographic lateral flow RDT have been
tested and found suitable for HCV diagnosis. Mahajan et al.
(64), compared three different RDT (Alere Trueline; Benesphera
HCV Rapid Card test; AccuTest HCV) manufactured in India
for detection of HCV antibody. They found moderate sensitivity
(range of 65–77%) and excellent specificity (100%) with HCV
suspected cases within a Delhi liver clinic, with increased
sensitivity among RNA positive patients (64). The InTec POC
cassette (InTec Products, Inc. Fujian, China) has been evaluated
in several HCV screening studies and displays good sensitivity
and specificity (>98%) for screening general and high-risk
populations in Pakistan (65). Sensitivity of HCV RDT among
HIV/HCV co-infected populations can be affected by HIV status.
Hence, external validation of the RDT is needed prior to testing
in such populations (65).

The OraQuick HCV rapid test, developed by OraSure
Technologies, is a single-use, non-invasive lateral flow indirect
immunoassay approved by the FDA for detection of antibodies
to HCV, mostly in oral mucosal transudate (OMT), but also
in blood, serum, or plasma, with a comparable sensitivity
and specificity to gold standard EIA/chemiluminescent
immunoassays (66, 67). The sensitivity of the OraQuick
HCV rapid test in OMT was found to be 99.1%, while specificity
was 100% (68). For fingerstick blood specimens, the OraQuick
assay in comparison to standard LBT EIA venipuncture blood
testing, was shown to provide same-day test results, while LBT
analysis took almost 3 days (54), which in a real-world setting
greatly improves the opportunity to link patients to care and
treatment. An important limitation to the OraQuick rapid test,
however, is the high cost of the assay, at∼$7 US per test (66, 69).
The OraQuick HCV test using either whole blood or OMT
provided high levels of accurate detection of HCV among PWID
and commercial sex workers in sub-Saharan Africa, suggesting
an improved screening algorithm for at-risk populations to aid
in regional elimination efforts (70). The Well Oral anti-HCV test
(Jiangsu Well Biotech Co., Ltd., Jiangsu, China) also screens for
antibody to HCV, offers high sensitivity (>91%) and specificity
(98%), and is comparable to the OraQuick HCV assay (98.5%
concordance) (71).

Nucleic-Acid-Based RDT
The GeneXpert system (Cepheid, Sunnyvale, CA, USA) is a
fully automated, self-contained and rapid (∼1–3 h) cartridge-
based platform for the detection of pathogen nucleic acid
and host gene targets by PCR. Assays are available for a
variety of bacterial, parasitic and viral pathogens, including
HBV and HCV, although regulatory approvals are pending
for certain countries (72). The GeneXpert system and self-
contained cartridges may be prohibitively expensive in certain
resource-limited LMIC as the costs are ∼$12,000–$64,000 US
for instruments, depending on cartridge module number, and
∼$15 US per cartridge for HBV and HCV nucleic acid targets.

However, endemic regions may qualify for a price discount
and the GeneXpert platform is already established in many
LMIC for tuberculosis and other pathogens, such as HIV
and other sexually-transmitted infections (73–76). HBV and
HCV cartridges are available for viral load (VL) quantification
in serum/plasma or by fingerstick (HCV only) and thus are
applicable as a near-patient POC test that would be performed
in a healthcare facility for patient management purposes. The
manufacturer’s performance attributes state excellent detection
sensitivity for plasma/serum assays, ranging from 3.2 to 6.1
IU/mL, dependent on matrix and test, with broad linear ranges
(74). The Xpert HCV VL Fingerstick assay provides a result
within 60min and demonstrates a limit of detection ranging from
22 to 35 IU/mL, dependent upon the HCV genotype (74).

The Xpert HBV VL assay has been evaluated against
multiple conventional quantitative nucleic acid platforms, such
as the Roche Cobas, and Abbott RealTime HBV assays and
has shown very good concordance (77, 78). Assessment of
the platform within a tertiary care hospital clinic in Addis
Ababa, Ethiopia, demonstrated utility of the Xpert HBV VL
to identify patients requiring initiation of treatment, with an
Xpert cutoff of 4,190 IU/mL and 35,800 IU/mL equivalent
to ≥ 2,000 IU/mL and ≥20,000 IU/mL, as determined
by a high-throughput LBT method (79). A strong positive
correlation in quantitative results among most platforms was
observed (74, 80–83), suggesting the Xpert HBV VL assay
is a promising alternate to conventional high throughput
platforms for initiating and monitoring of antiviral treatment,
although the cost-effectiveness of this would be contingent upon
sample throughput.

With the increased affordability and availability of curative
pan-genotypic direct-acting antiviral treatment for HCV in low-
resource LMIC (84), the need for diagnostic tools to rapidly
diagnose infection and monitor treatment is essential to meet
the Global Health Sector goals for hepatitis C infection. The
Xpert HCV VL assays for serum/plasma or whole capillary
blood by fingerstick have been evaluated in comparison to
conventional assays which demonstrated accurate quantification,
including among various HCV genotypes (74, 83). Validation
of the Xpert HCV VL test in an Indonesian study suggests
that this platform offers advantages for decentralized services
throughout resource-limited regions to improve linkages to
care and treatment of HCV (85). Several studies involving
populations of PWID have shown the practicality of the Xpert
HCV VL Fingerstick test to provide nucleic acid diagnosis with
> 98% sensitivity (73, 86). Similarly, combining RDT screening,
Xpert viral load quantification and portable FibroScan liver
elastography, Shiha et al. (87, 88), has shown that a single
visit diagnosis, assessment and entry into care is possible for
HBV and HCV through an Egyptian community-based pilot
study. Grebely et al. (89), have proposed an off-label use of the
GeneXpert fluorescence output during test runs to allow more
rapid detection of HCVRNA positivity (within 30min), although
there are important limitations to this (90). Further technology
improvements should permit true point-of-care efficiency to
reduce the time to diagnosis and allow immediate initiation of
treatment and patient management.
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Dried Blood Spot (DBS)/Microsample
Specimen Collection
The use of DBS testing enables mass screening of a population,
but with varying levels of specificity and sensitivity (91). DBS
is a means of collecting capillary whole blood by a retractable
lancet jab to the finger or heel, which is dropped onto blotting
paper or an alternate absorbent and dried. Pre-printed circles of
set diameter on the blotting paper or cards (such as Whatman R©

Protein Saver Cards) hold ∼75–80 µL capillary whole blood
per circle (92). The convenience and utility of DBS is illustrated
by the ease of storage (at ambient temperature), shipping
requirements (depending on the jurisdiction, dried cards are
considered non-infectious and so may be shipped by normal
post) and utility for both molecular and serological diagnostic
tests. Eluted blood from punched spots on DBS cards can be used
to diagnose and monitor HBV and HCV infections in remote or
resource -limited settings, where storage and shipment facilities
for fresh sera may not be available. Jackson et al. (74) evaluated
real-world DBS collection in Kiribati, a remote region of the
Pacific, for HBV and HDV serological testing. A detection rate of
95.6% for HBsAg, 81% for HBeAg, 73.2%for HBeAb, and 91.6%
for anti-HDV in contrived specimens was observed. In the same
study, nucleic acid testing (NAT) was able to detect HBV DNA
in 50 of 70 (71.4%) DBS eluates, while HDV RNA was detected
in 42 of 47 (89%) DBS eluates (74). Several studies have shown
the reliability of DBS for accurate HBV DNA quantification
using either contrived specimens (83, 93) or capillary blood
specimens collected from patients in regions of Ethiopia and
Zambia (74, 94, 95), with subsequent testing by the Xpert HBV
Viral Load or standard high throughput quantitative testing
platforms. The correlation between DBS and plasma HBV DNA
quantification was high (R2 = 0.92) (94), mainly at HBV viral
loads ≥ 2,000 IU/mL (95). This evidence supports the use of
DBS for rapid, non-invasive collection of diagnostic specimens in
LMIC, particularly for treatment monitoring purposes (83, 93).

DBS collection and testing was found to provide sensitive
and specific detection of HCV antibody by third-generation EIA
testing of eluates (91), while the sensitivity of HCV core antigen
detection was reduced compared to standard LBT using plasma
or serum; however, specificity was high (91, 92). HCV RNA
quantification from DBS was reported to be lower than LBT
viral load tests in chronic HCV patients (96), but quantification
values were more accurate with an increase in the number of
DBS punched spots used [109]. However, a study by Wlassow
et al. (44), in which the Xpert HCV Viral Load assay was used
to detect and quantify HCV RNA in DBS whole blood, showed
excellent correlation of quantification with serum-based Xpert
HCV Viral Load testing and two commercial real-time PCR viral
load assays (Abbott RealTime HCV and CAP/CTM HCV v2.0)
(44). DBS collection provides options within LMIC or remote
areas for confirmatory testing or monitoring of HCV viral load
levels, as patients are typically lost to post-screening follow-up
requiring a visit to a healthcare facility (70, 97).

Other capillary blood collection devices such as the HemaSpot
(HemaSpot-HF, Spot on Science, Austin, Texas) cartridge
or the Mitra volumetric absorptive microsampler (Neoteryx,

Torrance, CA), respectively, provide the advantage of a pre-
cut absorption matrix that equally distributes blood drops
during collection or the collection of precise micro-quantities of
capillary blood (98, 99). As part of a CambodianHBV serosurvey,
Yamamoto et al. (100) investigated HemaSpot capillary blood
collection for quantitative measurement of HBsAg by standard
high-throughput methods, showing a sensitivity of 92.3%
and a specificity of 100%, although comparison of absolute
quantitative values between HemaSpot and serum samples was
not assessed (100).

The major limitation with the use of DBS or other absorptive
blood collection formats is the lower sensitivity of detection often
observed when compared to standard LBT testing of fresh plasma
or serum collected by venous puncture (91). Another important
limitation is the need for a central or reference laboratory for DBS
processing (standardized spot punching and buffered elution).
Results may not be obtained within the same day and this can
delay linkage to care and treatment of patients (90).

A summary of representative RDT and POC tests within the
various platforms described for rapid testing of HBV and HCV is
found in Table 2.

DISCUSSION

Utility of HBV and HCV Rapid Diagnostic
Tests in LMIC
Rapid and POC tests have been categorized based on their
usefulness in screening and healthcare delivery in LMIC.
Numerous studies have reported the specific characteristics,
including sensitivity specificity, feasibility, and acceptability of
RDT for HBV and HCV screening (101). A systematic review
of diagnostic performance and accuracy of seven HCV core
antigen assays reported a high sensitivity of 93.4% and a high
specificity (> 98%), when compared with conventional nucleic
acid technologies (113, 114). A large comparison study by
Jargalsikhan (37) investigating the diagnostic accuracy of 19
RDTs produced by different companies (ABON, CTK Biotech,
Cypress Diagnostics, Green Gross, Human Diagnostic, Humasis,
InTec, OraSure, SD Bioline, Wondfo), evaluated the tests for
HBsAg and HCV antibody screening in a Mongolian liver
clinic population. Excellent sensitivity and specificity scores of
100 and 99%, respectively, were obtained for HBsAg detection.
However, a lower average sensitivity of 98.9% and average
specificity of 96.7% were reported for detection of HCV antibody
(37). A similar study evaluating seven RDTs for detection of
HCV antibodies from different risk populations (blood donors,
PWID) among several regions in China, yielded both clinical
sensitivity and specificity of 94–100%, with excellent negative
predictive value (NPV) (>99.9%) among the tests evaluated;
although differences in HCV genotype detection were observed
(53). A cross-sectional study on the prevalence of HBV among
pregnant women in Ethiopia utilized an HBsAg RDT to screen
women at antenatal clinics. The study showed a prevalence of
5.9%, which was similar to previous findings in other parts
of the country and highlighted behavioral risk factors for
targeting during prevention efforts (115). A systematic review
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TABLE 2 | HBV and HCV rapid or point of care test performance characteristics and utility for LMIC.

Range

Platform/Technology Examples Target Specimen Turn around time

(Min)

Sensitivity % Specificity % LMIC

Impact/Utility

References

Lateral flow immuno-assay SD Bioline

Alere Determine

Chembio DPP

HBsAg, anti-HCV

HBsAg, anti-HCV,

anti-HIV

Anti-HCV

Capillary

blood/serum/plasma

Plasma

Plasma

30

30–50

15–20

98.8–100

94.1–100

97.9–98.2

95.1–100

98.1–100

97.2–99.2

Blood screening,

Screening

Diagnosis

Management,

Screening

(101–103)

(35, 104)

(105)

VIKIA HBsAg Serum/plasma 30 98.1–100 97.9–100 Screening (102, 106)

Medmira Multiplo Anti-HCV, anti-HIV,

anti-HBc

Blood/serum/plasma 15–20 96.2–99.1 99.7–100 Screening (107)

One step HBsAg, anti-HCV Serum <50 94.5–100 92.7–98.3 Screening,

Diagnosis

(108)

OraQuick Anti-HCV Saliva/serum/plasma <40 99.1–100 99.7–100 Screening (68)

Well oral Anti-HCV Plasma 30 95.1–97.2 98.3–99.1 Screening (71)

Nucleic acid rapid testing GeneXpert HIV

HBV DNA

HCV RNA, Viral

load

Plasma/serum 30- 60 >98 >99 Diagnosis,

Management

(73, 79, 86)

GeneDrive HBV DNA, HCV

RNA

Plasma/serum 70–90 >98 >95 Diagnosis,

Management

(109, 110)

Molbio

Truenat

HBV DNA

HCV RNA

Venous blood 35 >96 >98 Diagnosis,

Management

(111)

Blink DX

Bead-based

HBV DNA, HCV

RNA

Venous blood N/A N/A N/A Diagnosis,

Management,

Research

(89, 112)

DBS/ Microsample specimen collection Whatman 3M FTA HBsAg, HBeAg,

HBV,HCV,HDV VL

Capillary whole

blood

30 89–95.6 89.1–96.1 Remote

monitoring

(74, 83, 91, 93)
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research
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Digital EIA
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and meta-analysis compared 25 commercially available HBsAg
RDT with 15 reference EIA, involving 36,919 samples. Assay
sensitivities ranged from 50 to 100% with an overall pooled
sensitivity of 90.0%, while specificities ranged from 69 to 100%,
with an overall pooled specificity of 99.5% (33). Comparison of
RDTs with NAT, involving 1710 samples, demonstrated a range
of sensitivity from 38 to 99% with an overall pooled sensitivity of
93.3%. Specificities ranged from 94 to 99%, with an overall pooled
specificity of 98.1% (33). In a field-based study the sensitivity
of detecting HBsAg using the Determine HBsAg (Alere) test
among HIV-infected patients in Tanzania was 96% (95% CI
82.8–99.6%), with 100% specificity (95% CI, 98.9–100%) (116),
illustrating excellent screening accuracy among a co-infected
population. However, in a study involving HIV/HCV co-infected
and HCV mono-infected populations from Nigeria, Vetter et al.
(105) reported that HIV co-infection impacted the sensitivity
of certain HCV antibody detection RDTs (reduced to <95%),
although specificity remained high (≥99%) for most anti-HCV
RDT, regardless of HIV co-infection (105). Thus, it is important
that the sensitivity of RDTs is evaluated among individual LMICs
and populations, to determine themost appropriate platform/test
that meets sensitivity requirements for that population. Most
RDTs demonstrate very good specificity, which is an important
characteristic for an endemic population, as the test will identify
true positives above the limit of detection. The ultimate goal
of screening and diagnosis is to link patients to treatment
and management of viral infection in order to reduce severe
outcomes, including cirrhosis and hepatocellular carcinoma. As
there is a lack of accessible options to diagnose liver disease and
injury within LMIC (117), timely diagnosis of chronic infection
involving RDTs is a means to address the ongoing burden of viral
hepatitis within LMIC regions.

There are a number of limitations with RDT. These include
lack of access and non-validation of available kits for screening
and diagnosis in some regions (118). Low clinical sensitivity
has already been described for RDT assays, while healthcare
infrastructure and increased costs are associated with molecular
POC assays (119). The positive predictive value (PPV) of most
RDT will be dependent on the HBV and HCV population
prevalence, such that false positive results may frequently
occur in low prevalence populations, which may not be a
concern in LMIC endemic regions (53). Thus, there are multiple
advantages offered by RDT for inexpensive and rapid large-
scale population screening and diagnosis within endemic regions
to allow early diagnosis, patient care and containment of
epidemics (120–122). RDT costs within LMIC are relatively
inexpensive, ranging from ∼$1.25 to $4.00 USD per test for
Alere Determine, Medmira Multiplo, SD Bioline, One Step, and
VIKIA tests (123). Inexpensive (∼$1 USD) HBsAg RDTs from
Chinese manufacturers are often used in LMIC regions lacking
accessibility to tests commonly used in higher resource regions.
However, tests supporting testing of complex matrices (OMT)
or targets (nucleic acid) are understandably more expensive,
including the OraQuick test ($7 USD per stick) and rapid
molecular tests using GeneXpert ($15 USD per cartridge) and
Genedrive instruments ($29 USD per test). Dried blood spot or
other absorptive blood collection methods range in cost from

pennies for Whatman blotting cards (62 cents USD per card) to
$4 USD for the Mitra microsampler clamshell to∼$12 USD for a
HemaSpot cartridge.

An important use and application of RDT in resource-
limited settings is in blood screening for transfusion purposes.
Blood transfusion is a major source of infection in areas where
inadequate screening facilities exist. Unlike standard testing
methods such as EIA and NAT, RDT can usually be performed
without electricity or need for standard laboratory equipment
(57). A study in Congo evaluated 6 RDT (One Step Hepatitis B
surface antigen Test R© Strip (Accurate, China), One Step Strip
Style HBsAg Rapid Screen Test R© (Suzhou Medical Supplies
CO., LTD, China), SD Bioline HBsAg WB (Multi SD Standard
Diagnostics, INC, Republic of Korea), One Step Hepatitis C
Virus Test R© Strip (Accurate, China), Hepatitis C Virus Antibody
(HCV) Test R© Strip (Suzhou Medical Supplies CO., LTD, China),
SD BioLine HCV (SD Standard Diagnostics, INC, Republic of
Korea) for detection of HBsAg and anti-HCV. The study found
a sensitivity and a NPV of 100% whereas the specificity and PPV
ranged from 46 to 98.1%. Among the RDT, SB BioLine HBsAg
and HCV tests had excellent performance with 100% sensitivity,
97.1 and 98.1% specificity, respectively, 100% NPV and 96.9
and 93.9% PPV, respectively (103, 108). A similar study in
Burkina Faso also yielded good sensitivities (range of 90.8–92.8%)
and excellent specificities (range of 97.3 to ≥99.0%) indicating
usefulness of RDT for HBV mass screening in Burkina Faso
(124). RDTs carry certain risks for use in blood screening; those
tests having lower sensitivity may yield false negative results,
particularly in the presence of lowHBsAg or HBV/HCV antibody
titres, or mutations within the HBsAg antigenic determinant may
also prevent accurate detection of HBV infection (102, 125).

Future Directions for RDTs: Toward Viral
Hepatitis Elimination
The Global Hepatitis Health Sector goals of HBV and HCV
elimination require knowledge of the regional prevalence and
epidemiology of both viruses to implement strategies to mitigate
risk factors and reduce transmission. The use of RDTs has
been used in Lubumbashi, Democratic Republic of Congo
to characterize the prevalence of HBsAg positivity in blood
donors (7.9%), thus highlighting the need to improve transfusion
safety (126). Furthermore, RDTs were used to determine
the epidemiology and prevalence of anti-HCV positivity in
adult clinic patients (1.6%) in Accra, Ghana, providing an
understanding of the primary risk association (history of
sexually transmitted infections) and reduced prevalence in
older individuals (127). To address viral hepatitis elimination
efforts, “micro-elimination” strategies are being evaluated
within high prevalence sub-populations to implement a “test
and treat” model involving rapid POC tests, with the plan
to reach global elimination by targeting and intervening
at multiple smaller scales. Thailand has proposed a plan
involving screening of all adults >30 years old with HBV
and HCV lateral flow assays at primary health centers within
Phetchabun province to initiate a “test and treat” model of
healthcare (128). Success of this model at the regional level

Frontiers in Virology | www.frontiersin.org 7 October 2021 | Volume 1 | Article 742722

https://www.frontiersin.org/journals/virology
https://www.frontiersin.org
https://www.frontiersin.org/journals/virology#articles


Shenge and Osiowy Rapid Diagnostics for HBV and HCV

will make possible national implementation toward the goal
of elimination. Micro-elimination of HCV infection has also
been evaluated within sub-regions of Romania. The exercise
provided important data on the epidemiology of HCV infection
and resulted in cost effective screening and delivery of
care (129).

Recently a World Health Organization (WHO) Collaborating
Center for Laboratory Strengthening and Diagnostic Technology
Evaluation (FIND: Foundation for Innovative New Diagnostics.
SARS-CoV-2 Diagnostic Pipeline, 2020), created a hub for
product development and delivery partnership during the SARS-
CoV-2 pandemic to increase access to screening, patient care
and reduction in transmission of the virus for LMIC (130).
This experience and model can be applied directly to HBV and
HCV RDT for screening and diagnoses. For example, the use
of immunochromatographic assays has been well-established for
HIV diagnosis and includes rapid saliva-based and POC tests for
HIV, HCV, and syphilis screening with comparable results to LBT
(52, 131). Until recently, POC testing for HBV and HCV has not
been used as widely as those for HIV diagnoses (118), although
WHO guidelines have recommended affordable alternative tests
with comparable clinical sensitivity to replace NAT technologies
used for confirmatory HCV testing (132). Hence, leveraging on
the existing standard protocols for HIV and malaria RDT as well
as the diagnostic infrastructure implemented to support SARS-
CoV-2 testing in LMIC, should allow uniformity of diagnostic
implementation for viral hepatitis and other STBBI infections
(85). There is an urgency for reliable, accurate, practical and
cost-effective viral hepatitis tests, especially in LMIC, where viral
hepatitis services and testing are out of the reach of many with
most infected individuals not even aware of their infection, and

so continue to be a source of transmission to others as they
interact through behavioral means and other modes (115, 133).

Conclusions
To increase access to testing and treatment of viral hepatitis,
especially in LMIC, there is an urgent need to embrace new
non-invasive sampling and testing technologies that involve the
use of capillary blood, oral fluids, self-testing at home and
at the community level, use of mobile testing, digital, rapid
combination, and multi-disease testing (especially for high risk
and co-infected patients) (114). Table 2 summarizes existing
and emerging RDTs and their potential applicability to LMICs.
Innovative technologies that detect disease markers of viral
hepatitis in other easy to obtain bodily fluids, such as sweat,
may be developed for future use to understand its role in
HBV transmission (134, 135), particularly in tropical areas
where high temperatures enhance profuse sweating. Proposals
on innovative technologies should be funded by government,
and the private and public sectors so as to support research
activities andmanufacturing of new RTD technologies. Adoption
of well-validated RDT, including POC tests, to screen and test
LMIC regions with a high burden of viral hepatitis B and C, will
facilitate diagnosis and enhance monitoring of serological and
virological markers of infection. This in turn identifies patients
for linkage to treatment and care, assisting in the elimination of
viral hepatitis.
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