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Abstract. Limited access to nucleic acid tests for hepatitis B virus (HBV) DNA is a significant barrier to the effective
management of chronic HBV infection in resource-poor countries. Alternatively, HBV e antigen (HBeAg) may accurately
indicate high viral replication. We assessed the diagnostic performance of three commercially available rapid diagnostic
tests (RDTs) for HBeAg (SD Bioline, Insight and OneStep) against a quantitative chemiluminescent immunoassay (CLIA,
Architect). Using stored sera from adults with chronic HBV infection, we tested RDTs in three groups in Senegal (48
HBeAg-positive, 196 HBeAg-negative, and 117 cases with high HBV DNA (> 10° IU/mL)) and one group in France (17
HBeAg-positive East Asians). In Senegal, the sensitivity and specificity for HBeAg detection were 29.8% and 100% for SD
Bioline, 31.1% and 100% for Insight, and 42.5% and 98.4% for OneStep, respectively. The lower limits of detection of
these RDTs were very high (> 2.5 log10 Paul Ehrlich Institut units/mL). Their low sensitivity was also confirmed in HBeAg-
positive Asian samples (35.3-52.9%). The prevalence of HBeAg in highly viremic (> 10° IU/mL) Senegalese patients was
low: 58.1% using CLIA and 24.5-37.5% using RDTs. Hepatitis B e antigen prevalence was similarly low in a subgroup of
28 Senegalese women of childbearing age with a high viral load (> 1 0° 1U/mL). Approximately, half of highly viremic adults
donot carry HBeAg in Africa, and HBeAg RDTs had remarkably poor analytical and diagnostic sensitivity. This implies that
HBeAg-based antenatal screening, particularly if using the currently available HBeAg RDTs, may overlook most pregnant
women at high risk of mother-to-child transmission in Africa.

INTRODUCTION

Viral hepatitis ranks as the seventh leading cause of death
worldwide and kills more people than any of the major in-
fectious agents: HIV, tuberculosis, or malaria.' Consequently,
viral hepatitis is now targeted in the UN’s sustainable devel-
opment goals, and the WHO has adopted a global strategy to
eliminate hepatitis as a public health threat by the year 2030.2
Of all hepatitis deaths, the vast majority occur in low- and
middle-income countries and about half are attributable to
hepatitis B virus (HBV).! Sub-Saharan Africa (SSA) suffers
from the highest HBV prevalence in the world (> 8%).°

To eliminate HBV infection, it is imperative to prevent
mother-to-child transmission (MTCT).*® Since 2009, WHO
recommends the prevention of MTCT by administering hep-
atitis B vaccine to all neonates within 24 hours of birth.®
However, the birth dose vaccination alone is imperfect in
preventing MTCT, particularly in babies born to women with
high viral replication, represented by positive hepatitis B e
antigen (HBeAg) status and/or high HBV DNA levels.” Con-
sequently, in resource-rich countries, pregnant women are
systematically screened for hepatitis B surface antigen
(HBsAg), and subsequently for HBeAg in those found to carry
HBsAg to identify high-risk babies who will benefit from hep-
atitis B immunoglobulin (HBIG) in addition to hepatitis B vac-
cination at birth. More recently, antenatal screening for HBV
DNA has been added to identify highly viremic women (> 10°
IU/mL) who have residual risk of MTCT despite both birth dose
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vaccine and HBIG® and who thus require antiviral therapy
during the third trimester.®

These additional measures to prevent MTCT have rarely
been implemented in low- and middle-income countries, '
partly because the access to diagnostic tools to evaluate HBV
replication is severely limited. The nucleic acid test to quantify
HBV DNA is hardly accessible because of high cost
(US$60-200/assay) and the need for a sophisticated labora-
tory with highly skilled technologists.'" Laboratory-based
immunoassays for HBeAg, such as enzyme immunoassay or
chemiluminescent immunoassay (CLIA), may be more af-
fordable (US$5-30/assay); however, these are infrequently
performed in peripheral laboratories in resource-limited
countries. Alternatively, the use of lateral flow immunochro-
matographic rapid diagnostic tests (RDTs) for HBeAg may
largely overcome these limitations because they are in-
expensive (US$ < 2), rapid (< 20-30 minutes), easy-to-use, and
only require small volumes (75-100 pL) of serum or plasma
without any further preparation (Table 1). Indeed, the RDT for
HBeAg was recently included in the WHO'’s list of essential in
vitro diagnostics for primary healthcare.'> However, the di-
agnostic accuracy of the HBeAg RDTs has been poorly studied.

We therefore conducted a case-control study in Senegal,
West Africa, to assess retrospectively the diagnostic sensi-
tivity, specificity, and lower detection limit of three commer-
cially available RDTs, inreference to a new quantitative HBeAg
CLIA (Architect). We also estimated the prevalence of positive
HBeAg using CLIA or RDTs in patients with an HBV DNA
level > 108 IU/mL, which is a threshold associated with the risk
of immunoprophylaxis failure for MTCT.® Finally, a small
number of HBeAg-positive samples from a cohort of East
Asian people were tested with the RDTs to evaluate whether
their performance varies between African and Asian patients
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TaBLE 1
Characteristics of commercial RDTs evaluated in this study

Sensitivity/specificity compared with

Sample ELISA reported by the manufacturers
Time for detection Price (US$,
Commercial name Manufacturer (country) Type Quantity (minutes) Sensitivity Specificity per test) CE marked
SD Bioline Standard Diagnostics Inc. (Korea) Serum, plasma 100 pL 5-20 95.5% 98.6% 1.3 No
Insight Tulip Diagnostics Ltd. (India) Serum 100 pL 10-15 Not reported Not reported 0.5 No
OneStep AMS UK Ltd. (UK) Serum, plasma 75 L 15 94.9% 99.4% 0.7 Yes

ELISA = enzyme-linked immunosorbent assay; RDT = rapid diagnostic test.

because of the difference in major genotypes (A/E in West
Africa and B/C in East Asia)."®

MATERIALS AND METHODS

Study samples. Senegal has a very high (11%) prevalence
of chronic HBV infection,® and the Institut Pasteur de Dakar
(IPD) is one of the few laboratories in the country that routinely
performs quantification of HBV DNA. The laboratory has been
accredited for the standard NF EN ISO 15189. Every week, the
IPD receives 80-100 patients with chronic HBV infection re-
ferred by their physicians to be tested for HBV markers such as
HBeAg or HBV DNA. Since 2014, serum samples from pa-
tients with chronic HBV infection have been systematically
stored at —80°C at the IPD without multiple freeze-thaw cy-
cles. From the anonymized list of consecutive samples col-
lected between 2014 and 2016, we excluded duplicate
samples from the same individuals. Then, all the samples that
had been tested for both HBV DNA and HBeAg at the time of
referral were used to make two groups: HBeAg-positive cases
(Group 1) and HBeAg-negative controls (Group 2), defined by
the reference qualitative HBeAg CLIA. These groups were
designed to evaluate the diagnostic sensitivity and specificity
of RDTs to detect HBeAg through a case-control study. In
January 2017, all these samples were analyzed for HBeAg
using RDTs. In addition, Group 1 samples were further
quantified for HBeAg (quantitative HBeAg) by the new com-
mercial calibrator (Architect HBeAg Quantitative Calibrators;
Abbott, Wiesbaden, Germany) to determine the lower de-
tection limits of the RDTs.

Ofthe samples that had been tested for HBV DNA but not for
HBeAg at the time of blood collection, all those with high HBV
DNA levels (> 10° IU/mL) were selected to make Group 3.
Stored sera were tested by both RDTs and quantitative HBeAg
in January 2017, to estimate the prevalence of positive HBeAg
using the reference laboratory-based CLIA or RDTs in patients
with high viremia (= 10°® IU/mL).

The study was carried out in accordance with the Declara-
tion of Helsinki and approved by the National Ethics Com-
mittee (SEN 17/59). The study was reported in accordance
with the Standards for Reporting of Diagnostic Accuracy.'

Reference HBeAg assay. Hepatitis B e antigen was de-
tected using CLIA (Architect, Abbott) with a lower detection limit
of 0.5 Paul Ehrlich Institut units (PEIUs)/mL. Samples positive for
HBeAg were quantified using the commercial calibrator (Archi-
tect HBeAg Quantitative Calibrators, Abbott), with a reportable
range from 0.59 to 700.00 PEIU/mL. When the initial value
exceeded 700.00 PEIU/mL, the sample was diluted 10 times and
retested according to the manufacturer’s instructions.

Rapid diagnostic tests. Of five immunochromatographic
RDTs that we had identified in November 2016, two were
not assessed in the present study: EASY Line (Adaltis,

Rome, Italy) because of its shortage and OnSite HBV-5 (CTK
Biotech Co, San Diego, CA) because of its high price (US$15/kit)
that is related to it being a multi-panel test (HBsAg, antibody to
HBsAg [anti-HBsAb], HBeAg, antibody to HBeAg [anti-HBeAb],
and antibody to HBV core [anti-HBcADb]). We therefore evalu-
ated three commercially available immunochromatographic
RDTs: SD Bioline (Standard Diagnostics Inc., Gyeonggi-do,
Republic of Korea); Insight (Tulip Diagnostics Ltd., Goa, India);
and OneStep (AMS UK Ltd., Antrim, UK). The characteristics of
these kits are summarized in Table 1. These tests are intended
to be used for both fresh and frozen samples, and multiple
freeze-thaw cycles should be avoided. When a test was invalid
(i.e., neither control band nor test band appears), it was re-
peated until a valid result was obtained. To evaluate the inter-
rater agreement, the results of the rapid tests were read and
recorded independently by two well-trained laboratory staff
who were blinded to the results of the reference test (CLIA).
Although only results on which the two readers agreed were
included in the analysis to assess the sensitivity and specificity,
a subgroup analysis was also conducted for each of the labo-
ratory staff by including the samples with discordant results.

HBV DNA assay. Hepatitis B virus DNA was measured
using commercial real-time polymerase chain reaction (PCR)
(AMPLIX; Biosynex, Strasbourg, France), with a lower de-
tection limit of 26 1U/mL.

East Asian samples in Paris, France. To assess whether
diagnostic sensitivity differs between African and Asian
samples, we tested the RDTs using HBsAg-positive HBeAg-
positive plasma samples from patients originating in East Asia.
Of patients with chronic HBV infection followed up at the In-
fectious Disease Department of Saint Louis Hospital, Paris,
France, from 2015 to 2017, we retrospectively selected all
East Asian subjects positive for HBeAg. Hepatitis B e antigen
was detected using the reference CLIA (Architect, Abbott) and
quantified using the commercial calibrator (Architect HBeAg
Quantitative Calibrators, Abbott). Plasma HBV DNA levels
were measured using Cobas®Ampli Prep/Cobas Taq Man
HBV assay (Roche Diagnostics, Meylan, France), with a lower
detection limit of 20 IU/mL. Using the plasma samples stored
at —80°C, we tested the three RDTs with two laboratory staff
independently reading each result.

Sample size. For the case-control study to determine di-
agnostic sensitivity and specificity for HBeAg RDTs (Groups 1
and 2), the sample size was determined based on the mini-
mally acceptable sensitivity and specificity of 90% and 98%,
respectively. One hundred and ten HBeAg-positive cases
were required to show that the sensitivity of RDT is at least
higher than 90% at a two-sided significance level of 5% with a
power of 80% when the true sensitivity was 97%. Similarly,
188 HBeAg-negative controls were needed to demonstrate
that the specificity is at least higher than 98% with a power of
80% when the true specificity was 100%.
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Statistical analysis. Quantitative HBeAg and HBV DNA
levels were transformed into logarithmic scale. Comparisons
were made between the groups using the x? test for cate-
gorical variables and the Kruskal-Wallis one-way analysis of
variance for continuous variables. The inter-rater agreement
of each RDT was determined using the kappa statistic. The
analysis of Group 1 and Group 2 allowed us to estimate the
sensitivity and specificity of the HBeAg RDTs, respectively, in
reference to the CLIA. The differences in sensitivity and
specificity between the RDTs were examined by McNemar’s
test of paired proportions. To evaluate whether the diagnostic
sensitivity varies according to sample storage conditions,
Group 1 was further divided into two groups: the samples
either collected more than a year or within a year before
testing. Group 3 was used to estimate the prevalence of
positive HBeAg by CLIA or RDTs in patients with high HBV
DNA (= 10° IU/mL). Within Group 3, we performed a subgroup
analysis to assess the HBeAg prevalence in highly viremic
women of childbearing age (15-50 years old).

To determine the lower limit of detection of each RDTs, the
proportions successfully detected by each rapid test were
plotted at various levels of quantitative HBeAg (log10 PEIU/
mL): < 0.5, 0.5-1.0, 1.0-1.5, 1.5-2.0, 2.0-2.5, 2.5-3.0,
and > 3.0. The limit of detection was determined as the level
above which > 95% of samples were consistently detected.
The proportions tested positive by each HBeAg assay (in-
cluding both RDTs and the reference CLIA) at various levels
of HBV DNA (log10 IU/mL) were also plotted graphically. To
understand the role of quantitative HBeAg in African patients,
the correlation between quantitative HBeAg and age, as well

as the correlation between quantitative HBeAg and HBV DNA
levels, were assessed using Pearson’s correlation coefficient.
Finally, HBeAg-positive Asian samples were used to estimate
the sensitivity of the RDTs for HBeAg detection.

RESULTS

Samples in Senegal. Figure 1 presents the flow diagram of
study sample in Senegal. Between 2014 and 2016, there were
51 samples positive for HBeAg (Group 1), 211 samples neg-
ative for HBeAg (Group 2), and 139 samples with high HBV
DNA (= 108 1U/mL) and unknown HBeAg status (Group 3). After
excluding the samples with inadequate volume for testing,
there were 48, 196, and 117 samples in Groups 1, 2, and 3,
respectively. A total of 361 samples were tested by two RDTs:
SD Bioline and Insight. Because of the lack of quantity of some
samples, the third RDT (OneStep), which was made available
later, was tested in 334 samples.

Characteristics of study participants in Senegal are pre-
sented in Table 2. Most participants (> 60%) were male in each
of the three groups, and the median age was significantly
higher in Group 2 (37 years, interquartile range [IQR]: 31-47)
thanin Group 1 (29, IQR: 21-36) or in Group 3 (33, IQR: 26-43)
(P < 0.001). In Group 3, there were 28 samples from women of
childbearing age (median: 32 years, IQR: 29-40). Of 117 cases
with high viral load (Group 3), 68 (58.1%, 95% confidence
interval [Cl]: 48.9-66.8) were positive for HBeAg using the
reference CLIA, and their median quantitative HBeAg level
was 1.9 log PEIU/mL (IQR: 0.9-2.8). In the subgroup of women
of childbearing age, 53.6% (15/28) were positive for HBeAg,

FiGURE 1.
virus.

HBeAg-positive HBeAg-negative High HBV DNA
samples: samples: (> 10° TU/ml) with
n=>51 n=211 unknown HBeAg:
n=139
Not enough Not enough Not enough
sample sample > sample
(n=3) (n=15) (n=22)
Group 1 Group 2 Group 3
n =48 (SD Bioline & n =196 (SD Bioline Tested for HBeAg
Insight) & Insight) using the reference
CLIA:
n =41 (OneStep)* n =187 (OneStep)* n=117

HBeAg-positive

n =68 (SD Bioline &
Insight)

n =66 (OneStep)*

HBeAg-negative

n =49 (SD Bioline &
Insight)

n =40 (OneStep)*

Flow diagram of study samples in Senegal. CLIA = chemiluminescent immunoassay; HBeAg = hepatitis B e antigen; HBV = hepatitis B
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with median quantitative HBeAg was 1.7 log PEIU/mL (IQR:
1.1-2.7). In Group 1, the median quantitative HBeAg level was
1.5 log PEIU/mL (IQR: 0.4-2.4). The median HBV DNA level
was significantly higher in Group 1 (7.7 log IU/mL, IQR:
6.8-8.5) and Group 3 (7.6 log IU/mL, 6.9-8.4) than in Group 2
(8.1 log IU/mL, 2.4-3.9) (P < 0.001).

Inter-rater agreement of the rapid HBeAg tests. The
inter-rater agreement of the RDTs was evaluated using all
three of the Senegalese groups (N = 361 for SD Bioline and
Insight; N = 334 for OneStep) (Supplemental Table 1). Dis-
crepancies between the two laboratory staff were observed in
2.2% (8/361) for SD Bioline, 4.7% (17/361) for Insight, and
1.2% (4/334) for OneStep, with Kappa statistics (95% CI) of
0.90 (0.83-0.97), 0.81 (0.73-0.90), and 0.96 (0.92-0.99), re-
spectively. Most discordant results were from the samples
positive for HBeAg using the reference CLIA: 62.5% (5/8) for
SD Bioline, 88.2% (15/17) for Insight, and 75.0% (3/4) for
OneStep.

Sensitivity and specificity for HBeAg detection. The
sensitivity of RDTs for HBeAg detection was estimated using
Group 1 and the specificity using Group 2. After excluding
discordant results between two examiners (SD Bioline, N=1;
Insight, N = 3; OneStep, N = 2), the sensitivity and specificity
were 29.8% (95% ClI: 17.3-44.9) and 100% (98.1-100) for SD
Bioline; 31.1% (18.2-46.6) and 100% (98.1-100) for Insight;
and 42.5% (27.0-59.1) and 98.4% (95.4-99.7) for OneStep,
respectively (Table 3). The sensitivity of OneStep was sig-
nificantly higher than that of SD Bioline (P = 0.008) and Insight
(P = 0.03). The samples with false negative results had sig-
nificantly lower median quantitative HBeAg levels (log PEIU/
mL) than those with true positive results: 0.7 (IQR: 0.2-1.6)
and 2.8 (2.3-3.1) for SD Bioline (P < 0.001); 0.6 (0.1-1.6) and
2.8 (2.3-3.1) for Insight (P < 0.001); and 0.5 (0.1-1.0) and 2.6
(2.0-2.9) for OneStep (P <0.001), respectively. Supplemental
Table 2 presents the subgroup analysis for the sensitivity and
specificity of the RDTs by each of the laboratory staff. This
analysis included the discordant results between the two
laboratory staff. Similarly low sensitivities were noted irre-
spective of the reader.

To evaluate whether the low diagnostic sensitivities of the
RDTs were related to the sample storage condition, Group 1
was further divided into two groups according to the duration
of sample storage. For the older (> 1 year) and more recently
(£ 1 year) collected samples, the sensitivities were 30.4%
(7/23, 95% CI: 13.2-52.9) and 29.2% (7/24, 12.6-51.1) for SD

Bioline; 31.8% (7/22, 13.9-54.9) and 30.4% (7/23, 13.2-52.9)
for Insight; and 47.8% (11/23, 26.8-69.4) and 35.3% (6/17,
14.2-61.7) for OneStep, respectively.

Lower limit of detection of the RDTs. Figure 2 presents the
proportion of HBeAg-positive samples successfully detected
by each RDT at different quantitative HBeAg levels (log10
PEIU/mL) determined by the quantitative CLIA. This analysis
included all samples positive for HBeAg (N = 116; all the
samples in Group 1 and 68 HBeAg-positive samples in Group
3). Using the threshold of a > 95% chance to be detected, the
limit of detection was estimated at 2.5-3.0 log PEIU/mL for
OneStep. SD Bioline and Insight did not detect > 95% of
samples even above the highest quantitative HBeAg levels
(= 3.0 log PEIU/mL). Below the quantitative HBeAg cut-off of
2.0 log PEIU/mL, the performance of the RDT became partic-
ularly poor: SD Bioline, Insight, and OneStep detected only
1.6% (1/64), 1.9% (1/54), and 17.2% (10/58) of the HBeAg-
positive samples, respectively (Supplemental Table 3).

Hepatitis B e antigen prevalence in highly viremic pa-
tients (= 10° 1U/mL). The prevalence of HBeAg in highly vi-
remic adult patients (= 10° IU/mL) was estimated using Group
3 (N =117): 58.1% (95% CI: 48.9-66.8) using the reference
CLIA, 24.5% (17.3-33.6) using SD Bioline, 30.1% (21.9-39.8)
using Insight, and 37.5% (28.6-47.3) using OneStep. In a
subgroup of women of childbearing age (N = 28) with high HBV
DNA levels (= 108 1U/mL), the prevalence of HBeAg was 53.6%
(95% ClI: 34.3-71.8) using CLIA, 28.6% (14.3-48.9) using SD
Bioline, 32.0% (16.0-53.7) using Insight, and 34.8% (17.4-57.4)
using OneStep.

Figure 3 and Supplemental Table 4 present the preva-
lence of HBeAg at various levels of HBV DNA in Senegalese
samples. This analysis included all three groups (Groups 1,
2, and 3; N = 361). The HBeAg prevalence increased with
increasing viral load, irrespective of the type of HBeAg
assay.

Role of quantitative HBeAgin Senegal. In HBeAg-positive
subjects (N = 116: all the samples in Group 1 and 68 HBeAg-
positive samples in Group 3), quantitative HBeAg was in-
versely correlated with age (correlation coefficient: r = -0.37,
P < 0.0001) (Supplemental Figure 1) and positively correlated
with HBV DNA levels (r = 0.52, P < 0.0001) (Figure 4).

Asian samples. In 17 HBeAg-positive Asian samples, the
median quantitative HBeAg level was 2.0 log10 PEIU/mL
(IQR: -0.4 to 2.7) and the median HBV DNA level was
3.3log101U/mL (IQR: 1.8-7.0). The concordance between the

TABLE 2
Characteristics of study samples in Senegal

Group 1

Group 2 Group 3

High HBV DNA (> 10° IU/mL) cases

HBeAg-positive cases HBeAg-negative controls All Women of childbearing age
Total number 48 196 117 28
Male sex (n, %) 31 (64.6%) 129 (65.8%) 80 (68.4%) 0
Median age (years, IQR) 29 (21-36) 37 (31-47) 33 (26-43) 32 (29-40)
Positive HBeAg by CLIA (Architect) 48 (100%) 0 68 (58.1%) 15 (53.6%)
Median HBeAg levels (log10 PEIU/mL, 1.5 (0.4-2.4) N/A 1.9 (0.9-2.8)* 1.7 (1.1-2.0)t
IQR)
Median HBV DNA levels (log10 IU/mL, 7.7 (6.8-8.5) 3.1 (2.4-3.9) 7.6 (6.9-8.4) 7.4 (6.7-8.3)
IQR)

CLIA = chemiluminescent immunoassay; HBeAg = Hepatitis B e antigen; HBV = hepatitis B virus; N/A = not applicable; PEIU = Paul Ehrlich Institut unit; RDT = rapid diagnostic test.

*Excluding 49 samples with negative HBeAg by the reference CLIA test.
T Excluding 13 samples with negative HBeAg by the reference CLIA test.


http://astmhqa.ingenta.com/content/journals/10.4269/ajtmh.18-0116#supplementary_data
http://astmhqa.ingenta.com/content/journals/10.4269/ajtmh.18-0116#supplementary_data
http://astmhqa.ingenta.com/content/journals/10.4269/ajtmh.18-0116#supplementary_data
http://astmhqa.ingenta.com/content/journals/10.4269/ajtmh.18-0116#supplementary_data
http://astmhqa.ingenta.com/content/journals/10.4269/ajtmh.18-0116#supplementary_data
http://astmhqa.ingenta.com/content/journals/10.4269/ajtmh.18-0116#supplementary_data

432 SECK AND OTHERS

TaBLE 3
Performance of RDTs for HBeAg detection (Group 1, Group 2 and East Asian samples)

Senegalese samples*

East Asian samples

Group 1: HBeAg-positive cases (N = 48)

Group 2: HBeAg-negative controls (N = 196)

HBeAg-positive cases (N = 17)

Sensitivity 95% Cl Specificity 95% Cl Sensitivity 95% ClI
SD Bioline 29.8% (14/47) 17.3-44.9 100% (196/196) 98.1-100 47.1% (8/17) 23.0-72.2
Insight 31.1% (14/45) 18.2-46.6 100% (196/196) 98.1-100 52.9% (9/17) 27.8-77.0
OneStep 42.5% (17/40) 27.0-59.1 98.4% (183/186) 95.4-99.7 35.3% (6/17) 14.2-61.7

HBeAg = hepatitis B e antigen; RDT = rapid diagnostic test.

*Discordant results on each RDT between two laboratory staff were excluded (SD Bioline, N = 1; Insight, N = 3; OneStep, N = 2).

laboratory staff was 100% for all of the RDTs. Sensitivity of the
RDTs for HBeAg detection in reference to Architect (CLIA) was
8/17 (47.1%; 95% ClI: 23.0-72.2) for SD Bioline, 9/17 (52.9%;
27.8-77.0) for Insight, and 6/17 (35.3%, 14.2-61.7) for One-
Step (Table 3).

DISCUSSION

This is the first African study to evaluate the diagnostic
accuracy of the commercial RDTs for HBeAg. Using well-
characterized serum samples from Senegalese patients, we
found good inter-rater agreements (kappa 0.81-0.96) of these
RDTs; however, HBeAg was only detected when quantitative
HBeAg levels were very high, resulting in poor diagnostic
sensitivity ranging from 29.8% to 42.5%. We also found that in
Senegal only half of highly viremic (= 10° IU/mL) women of
childbearing age were positive for HBeAg using the reference
assay. In those positive for HBeAg, quantified HBeAg levels
were negatively correlated with age and positively correlated
with HBV DNA levels. Finally, we confirmed similarly poor di-
agnostic sensitivity of the RDTs in a small number of Asian
samples (range: 35.3-52.9%).

To date, few studies have investigated the performance of
HBeAg RDTs. Binax NOW® (Binax Inc., Portland, ME), a rapid
test that simultaneously detects HBsAg and HBeAg, has been
validated in three studies.'®"” Using sera or whole blood,
these studies constantly reported adequate diagnostic sen-
sitivity (80-100%) and specificity (98-100%) for HBeAg
detection,'®~'7 with a lower limit of detection of 2.0 PEIU/mL."®
Advanced Quality”™ (InTec Products Inc, Xiamen, China), an-
other RDT for HBeAg, has been evaluated in one study which
reported a sensitivity of 64% and a specificity of 97%.'® Un-
fortunately, these RDTs have subsequently been taken off the
market, and are currently unavailable.
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Ficure 2. Proportion of Hepatitis B e antigen (HBeAg)-positive
samples successfully detected by each rapid diagnostic test (RDT) at
various quantitative HBeAg levels in Senegal (N = 116).

To understand the poor diagnostic sensitivity of the RDTs
that we evaluated, we determined their lower limits of de-
tection in reference to the new commercial quantitative
HBeAg calibrator. The limit of detection of OneStep was es-
timated to be above 2.5-3.0 log PEIU/mL (i.e., 320-1,000
PEIU/mL), which was much higher than that reported for Binax
NOW® (2.0 PEIU/mL) or the reference CLIA (0.5 PEIU/mL). For
SD Bioline and Insight, HBeAg detection was not consistently
observed even above the level of 3.0 log PEIU/mL. To further
investigate whether poor performance of these RDTs is re-
lated with the difference in HBeAg epitopes between African
HBV genotypes (E and A in Senegal)'® and other genotypes (B
and Cin Asia, e.g.), we evaluated these RDTs in samples from
East Asian patients positive for HBeAg. The sensitivities were
also poor (35.3-52.9%) in these Asian samples. However,
among the three RDTs, OneStep demonstrated the highest
sensitivity in Senegal and the lowest sensitivity in Asian
samples. This supports the potential role of HBV genotype in
the performance of the RDTs.

Hepatitis B virus DNA has been established to be the
single most important marker to identify pregnant women
at the highest risk of MTCT.2%2" Consequently, current
international guidelines recommend administration of
antiviral therapy during pregnancy in HBsAg-positive
women with an HBV DNA level > 200,000 IU/mL, irre-
spective of HBeAg status.??2® However, this strategy is
hardly applicable to low- and middle-income countries
where the access to HBV DNA PCR techniques is severely
limited.2* Alternatively, HBeAg-based screening without
HBV DNA would be appealing if most HBV-infected women
with high viral load also carried HBeAg. Indeed, 98% and 86%
of highly viremic pregnant women (> 200,000 IU/mL) were
positive for HBeAg in Taiwan and the United States,
respectively.2°
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Ficure 3. Prevalence of Hepatitis B e antigen (HBeAg) by different
HBeAg assays at various hepatitis B virus (HBV) DNA levels in Senegal
(N =361).
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Ficure 4. Correlation between quantitative HBeAg (log PEIU/mL)
and hepatitis B virus (HBV) DNA levels (log IU/mL) in HBeAg-positive
samples in Senegal (N = 116). HBeAg = hepatitis B e antigen, PEIU =
Paul Ehrlich Institut unit.

Although positive HBeAg is highly correlated with increased
HBV DNA levels in HBV-infected young women, emerging
basal core promoter (BCP) or precore (PC) variants abolish or
reduce HBeAg production without affecting the capacity of
the virus to replicate.?® Consequently, there are pregnant
women with negative HBeAg who still carry high HBV viral
loads by harboring these mutations.?” In our study in Senegal,
we found that only 54% of HBV-infected women of child-
bearing age with high viral load (> 108 IU/mL) were positive for
HBeAg, suggesting that half of the women with an elevated
risk of immunoprophylaxis failure will be missed through
HBeAg-based screening. Moreover, by using the HBeAg
RDTs which further misclassify because of poor sensitivity, we
will overlook > 65% of highly viremic women. A similarly low
prevalence of HBeAg in women with high HBV DNA levels has
been previously reported from other African studies.?®2° This
geographical difference in HBeAg positivity in women with
high HBV viral loads might be related to the predominant HBV
genotypes in each region, and the difference in the frequency
of emerging BCP or PC variant quasispecies by HBV
genotype.’3% To further elucidate the natural history of
chronic HBV infection in Africa, additional molecular studies
that characterize viral genotype, viral mutations, and HBV
serological markers, are warranted.

Until recently, HBeAg could only be semi-quantified
through in-house calibration using a reference panel of de-
fined HBeAg concentration supplied from the Paul Ehrlich
Institute, Germany.®"2 In our study, we quantified HBeAg
using the new commercial calibrator of Abbott. We demon-
strated, for the first time in African HBeAg-positive subjects,
that its concentration decreases with age. This is not sur-
prising because HBeAg loss is preceded by decreasing levels
of quantitative HBeAg,®® and spontaneous loss of HBeAg
occurs over time in those who established chronic HBV in-
fection during childhood,® with the probable emergence of
BCP and/or PC variants.?® This is supported by a longitudinal
cohort of Gambian children with chronic HBV infection, in
which Mendy et al.3* demonstrated a reduction in qualitative
HBeAg seropositivity with age in those who have a high viral
load (> 2,000 IU/mL): 96% at ages < 5 years, 90% at ages 6-9
years, 86% at ages 10-13 years, and 63% at ages 20-23

years. We also found a good correlation between quantitative
HBeAg and HBV DNA levels in HBeAg-positive subjects in
Senegal. In low- and middle-income countries, the limited
access to nucleic acid tests to measure HBV DNA has been a
significant impediment to the effective management of
chronic HBV infection." As quantitative HBeAg is more af-
fordable than nucleic acid tests, this may be a useful alterna-
tive tool to HBV DNA PCR to define treatment eligibility in
these settings.

This study has several limitations. First, we could not di-
rectly assess the influence of the different HBV genotypes on
the performance of the RDTs. Nevertheless, we confirmed that
the sensitivity for HBeAg detection was low in both Senegal-
ese and East Asian samples, suggesting that these RDTs may
perform poorly irrespective of HBV genotype. Second, we
assessed the performance of the RDTs in adults with chronic
HBV infection who were referred to the laboratory for HBV
DNA measurement, rather than in pregnant women, who are
the target population for use of such an RDT. Third, we had
limited access to clinical information on the study subjects; we
do not know why the physicians requested both HBV DNA and
HBeAg for some patients (Groups 1 and 2) and only HBV DNA
for the rest (Group 3). Fourth, although we had a high enough
number of HBeAg-negative samples, we could not reach the
desired number of HBeAg-positive samples originally derived
by our sample size calculation. As mentioned earlier, in SSA
the prevalence of HBeAg in chronic HBV carriers is much lower
than in Asia, and thus, it is extremely difficult to have a large
number of HBeAg-positive samples.®® Finally, we could not
test matched fresh and frozen samples to evaluate the effect
of the storage condition on the test performance. Neverthe-
less, we found similar diagnostic sensitivities between those
stored for longer (> 1 year) and shorter (< 1 year) periods,
implying that the influence of the storage condition might be
minimal for the test performance.

Without having simple, affordable, and reliable diagnostic
tools to evaluate HBV viral replication, it is unlikely that the
WHQ’s global elimination goals can be achieved, especially as
the HBV burden is unequally distributed to low- and middle-
income countries. In these settings, RDTs may have an im-
portant role in scaling up clinical management of HBV
infection through decentralized care; however, we found un-
acceptably poor sensitivity of RDTs for HBeAg. These findings
should be further confirmed through a large study. In addition,
urgent efforts need to be made to improve these RDTs and to
develop and validate other markers of viral replication that are
adapted to resource-limited settings.®®
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