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Occult hepatitis B infection and transfusion-transmission risk
Hépatite B occulte et risques transfusionnels
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Abstract

Advances in serology and viral nucleic acid testing (NAT) over the last decades significantly reduced the risk of transfusion-transmitted hepatitis
B virus (HBV). The combination of HBsAg testing and NAT efficiently prevents the majority of HBV transmission. However, a specific residual
risk remains associated with extremely low viral DNA levels in blood donors with occult HBV infection (OBI) that are intermittently or not
detectable even by highly sensitive individual donation (ID) NAT. Studies have reported HBV transfusion-transmission with blood components
from donors with OBI that contained low amount of viruses (< 200 virions). HBV transfusion-transmission seems to depend on a combination of
several factors including the volume of plasma associated with the infected blood components transfused, the anti-HBV immune status of both
recipient and donor, and possibly the viral fitness of the infecting HBV strain. Models based on clinical and experimental evidences estimate a
residual transmission risk of 3—14% associated with OBI donations testing HBsAg and ID-NAT non-reactive. Anti-HBc testing has the potential
to improve further blood safety but it may also compromise blood availability in settings with medium/high HBV prevalence. Pathogen reduction
procedures might be considered.
© 2017 Elsevier Masson SAS. All rights reserved.
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Résumé

L’amélioration des performances des tests sérologiques et le développement des techniques de détection du génome viral ont réduit significa-
tivement le risque de transmission du virus de I’hépatite B (VHB) par transfusion. L’association du dépistage de I’AgHBs et du génome viral
s’avere efficace pour prévenir la grande majorité des infections & VHB. Cependant, un risque résiduel transfusionnel li€¢ aux donneurs porteurs
d’une infection B occulte et présentant des niveaux extrémement faibles d’ADN viral indétectables ou détectés de facon intermittente par les tests
DGYV unitaires les plus sensibles persiste, particulierement dans les pays ne dépistant pas les anti-HBc. Des cas de transmission par des produits
sanguins provenant de tels sujets et contenant de faibles quantités de virus (<200 virions) ont été rapportés. La transmission de 1’infection B
semble dépendre de plusieurs facteurs non-exclusifs tels que le volume de plasma associé au produit sanguin infecté transfusé, le statut immunitaire
anti-HBV du receveur et/ou du donneur, et éventuellement les propriétés réplicatives de la souche virale infectante. Des modeles développés sur la
base de données cliniques et expérimentales estiment un risque de transmission virale lié aux dons infectés par le VHB et échappant au dépistage
de I’AgHBs et de I’ADN viral entre 3 % et 14 %. Le dépistage des anticorps anti-HBc en combinaison avec le DGV pourrait renforcer la sécurité
transfusionnelle mais en compromettant la disponibilité des produits sanguins dans des zones de moyenne et forte endémie pour le VHB. Le recours
a des méthodes de réduction des agents pathogenes dans les dons peut étre envisagé.
© 2017 Elsevier Masson SAS. Tous droits réservés.
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(HBV) infection remains a global major public health issue.
It is estimated that more than two billion people worldwide
have been in contact with the virus at some time in their lives
and 257 million of them remain chronically infected [1]. HBV
chronic infection is usually defined by detectable levels of HBV
surface antigen (HBsAg) in the blood. The development of
molecular diagnostic assays uncovered another form of active
persistent/chronic HBsAg-negative HBV carriage identified as
occult HBV infection (OBI) [2].

HBYV transmission involves direct exposure to infected blood
or organic fluids containing infected blood. Before 1970, it is
estimated that HBV transfusion-transmission occurred in ~6%
of multi-transfused patients. Over the last four decades, blood
safety has been continuously improved by the constant devel-
opment of sensitive and specific serologic assays to detect the
HBYV surface antigen (HBsAg) and anti-HBc antibodies against
the HBV Core antigen (anti-HBc) in blood donations. Global
implementation of nucleic acid testing (NAT) for HBV DNA
in 2004-2008 significantly reduced further the residual risk of
HBYV transfusion-transmission by reducing the diagnostic pre-
seroconversion window period and by detecting occult HBV
infection/carriage [3]. Yet, HBV transmission remains the most
frequent transfusion-transmitted viral infection. The residual
risk of HBV transfusion-transmission appears to be mainly
related to blood donations negative for HBsAg but contain-
ing extremely low levels of viral DNA potentially infectious
that may escape detection by the currently most sensitive NAT
assays.

2. Reducing the risk of HBV transfusion-transmission
2.1. Blood donor selection

Recruitment of voluntary non-remunerated donors and
risk behavior-based selection of donors prove essential for
blood safety. These processes reduce the risk for transfusion-
transmissible infections (TTIs) by temporarily or indefinitely
deferring high-risk and therefore potentially infectious candi-
date donors. The pre-donation evaluation usually consists of a
self-administrated written questionnaire about a range of risk
exposures for TTIs and a confidential interview with a medi-
cal counselor. Effectiveness is shown by the significant lower
prevalence of TTIs observed among eligible donors compared
to the general population, but it also strongly depends on both
donor education and accurate and truthful risk behavior disclo-
sure. However, post-donation interviews revealed that 22% to
28% of infected donors subsequently admitted risk exposures
that would have result in permanent deferral [4,5]. Reasons
behind donor questionnaire noncompliance can be complex
varying from deliberate (e.g., test seeking, social discomfort,
disagreement with deferral criteria, misunderstanding of the
pre-donation screening purpose since donations are tested fur-
ther) to genuine (e.g., misinterpretation of questions, failure
of recall, erroneous no-risk belief associated with temporally
remote exposure). A recent study reported a 10% rate of non-
compliance in HB V-infected blood donors from the Netherlands
that was mainly associated with male-to-male sex risk factor,

whereas the main infective risk exposure identified in the whole
donor population with confirmed HBV infection was to originate
or to be related to a HBV endemic country [4,5].

2.2. HBsAg testing

HBsAg testing remains the first-line of HBV screening
in blood donors. Commercial enzyme immunoassays (EIAs),
including enzyme linked immunosorbent assays (ELISAs), and
chemiluminescent immunoassays/chemiluminescent enzyme
immunoassays (CLIAs/CLEIAs) are the most commonly used
assays for blood screening. These assays are currently imple-
mented on (semi)-automated testing platforms combining high
throughput and high analytical sensitivity ranging between 5
and 50 mIU/mL. HBV genotypes and mutations associated with
structural changes and/or with reduced synthesis or secretion
of HBsAg may negatively affect the analytical and clinical per-
formance of HBsAg detection [6]. The formation of circulating
immune complexes between HBsAg and hepatitis B surface anti-
bodies (anti-HBs) may also cause detection failure when they
are not or poorly displaced by the HBsAg capture antibodies
used in the manufactured assays.

The high cost and considerable equipment requirements of
these commercial HBsAg assays may limit their use in resource-
limited settings. Over the last decade, several reliable and
sensitive rapid diagnostic tests (RDTs) have been successfully
developed that do not require laboratory infrastructure, are easy
to perform with minimal training, and provide conclusive results
within a few minutes [7].

2.3. Anti-HBc testing

Antibodies to the HBV core protein (anti-HBc) are associated
with HBV natural infection and remain detectable throughout
the entire course of chronic infection at least in immunocom-
petent individuals. They also persist for life after recovery even
when anti-HBs become undetectable and can be the only sero-
logical marker, associated or not with low levels of viral DNA, in
rare long-standing chronic infection. However, anti-HBc assays
show mediocre specificity despite continuous improvements
and the lack of proper confirmatory tests necessitates retesting
reactive samples with an alternative assay to discriminate true
from false-positive samples [8]. Despite these limitations, anti-
HBc screening has been implemented in HBV low-endemic
countries where donor definitive deferral was considered sus-
tainable in terms of donation wastage, but it adds to the already
considerable list of donor exclusion. Introducing anti-HBs test-
ing in anti-HBc only positive donations has been considered
to mitigate donor lost in countries that have a slightly elevated
HBYV prevalence like Japan where donations with high anti-HBs
titers (>2001IU/L) presumably non-infectious are considered
acceptable for plasma fractionation, and donations with low
anti-HBc and anti-HBs titers are rejected [9]. Nevertheless, anti-
HBc testing cannot be implemented in high-endemic countries
without compromising blood availability (e.g. Sub-Saharan
Africa, Southeast Asia).
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2.4. HBV nucleic acid testing

HBYV nucleic acid testing (NAT) of blood donations has
been successfully implemented in most countries of Europe,
East Asia, North America, Australia and South Africa as part
of multiplex assays for the simultaneous detection of human
immunodeficiency virus (HIV) and hepatitis C virus (HCV)
RNAs [3]. Commercial NAT assays are based on PCR or TMA
and show specificity >99% and 95% detection limits ranging
between 4 and 121U/mL [10]. Two strategies are commonly
used worldwide: testing in minipool of 6 donor plasmas (MP-
NAT) or in individual donor (ID-NAT). The implementation
of NAT uncovered two distinct types of HBsAg-negative/HBV
DNA positive donors. First, donors in the pre-seroconversion
“window period” (WP) defined as the time between infection
and detection of viral antigen or antibody markers, early win-
dow period with the most sensitive serological assays. The high
sensititvity of ID-NAT allows to significantly reduce this WP
to 13-15 days that includes the so-called eclipse phase that can
last for ten days during which HBV DNA is usually undetec-
table even with the most sensitive NAT assays [11]. Second,
donors with persistent low-level chronic infection so-called
occult HBV infection (OBI) [ 12]. The frequency of detected WP
and OBl cases is approximately 28% and 72%, respectively [ 10].
NAT can also detect immunovariant viruses escaping serological
screening [13,14].

Performance of HBV DNA detection depends not only on the
intrinsic sensitivity of the NAT assays, but also on the sample
volume tested as well as the dilution factor introduced when
plasma pooling is used [15,16]. Three separate virus-specific
so-called discriminatory assays are usually used to identify
the origin of a multiplex NAT reactivity. However, discrimi-
natory assays based on the same technology and reagents as the
screening assay do fully qualify for confirmation. This procedure
also introduces the problem of samples reactive with the initial
screening assay but non-reactive with the discriminatory assay.
Non-reproducible reactivity (NRR), defined as multiplex reac-
tive but discriminatory assay non-reactive and repeat multiplex
non-reactive, has been extensively reported [17]. Confirmation
of HBV-NAT true reactivity with both MP- and ID-NAT can
prove particularly challenging for OBI donors with very low
HBV DNA levels that may be only intermittently detectable
over time even by ID-NAT. Therefore, alternative non-exclusive
investigational NAT approaches should be considered: mul-
tiple repeat testing, improved assay sensitivity by increasing
the nucleic acid extraction volume, confirmation by alternative
assays (real-time PCR, nested PCR) targeting different regions
of the viral genome, and ultimately viral DNA sequencing [ 18].

Confirmation of inconclusive NAT by complementary sero-
logical testing of index and follow-up donations might not be
sufficient due to anti-HBc background prevalence especially
in high-endemic areas and to discrepancies between serologi-
cal and molecular markers (Fig. 1). The frequency and nature
of these discrepancies is difficult to evaluate as they largely
depend on the sensitivity of the assays used and to some extend
on HBV genotypes. Recently, data from a large-scale multi-
regional study using a comparable HBV screening algorithm

showed that 2% and 4% of OBI donors presented no detectable
serological markers or an anti-HBs only profile, respectively
(Fig. 1).In addition, 6% (range: 3—10%) of HB V-infected donors
were HBsAg reactive and HBV DNA ID-NAT non-reactive but
anti-HBc reactive when tested.

2.5. Alternatives to HBV blood screening

Pathogen inactivation or reduction methods and large-scale
HBYV vaccination have the potential to reduce TTI. Different
pathogen inactivation systems are currently applied to plasma
and platelet concentrates with an estimated relatively modest
inactivation yield of two to four log [19,20]. Further develop-
ments are still needed for red cell components. Over the past two
decades, systematic vaccination at birth or early childhood in
several countries with moderate or high HBV endemicity resul-
ted in a decrease of HBV incidence. However, vaccination may
also favor the development of escape mutants and neutraliz-
ing anti-HBs antibodies level decrease over time in vaccinated
people who may become susceptible to HBV infection, espe-
cially to infection with genotypes different from the one used in
the vaccine (HBV genotype A2) [21].

3. Occult HBYV infection in blood donors

OBI is defined by the presence of low levels of HBV DNA
in the liver (with detectable or undetectable HBV DNA in
the serum) of individuals testing HBsAg-negative by currently
available assays, with or without detectable anti-HBc and/or
anti-HBs antibodies, outside the pre-seroconversion window
period [2]. Donors with OBI tend to be > 45 years old, except
in sub-Saharan Africa, suggesting a late stage of chronic HBV
carriage. OBl is a worldwide-disseminated entity irrespective of
HBYV genotypes although its prevalence varies between different
geographic areas and populations according to the correspond-
ing general HBV epidemiology. Regional OBI detection rates
vary between 1:3400 and 1:59,000 in first time donors and
between 1:6000 and 1:64,500 in repeat donors [10].

OBI donors show no evidence of liver damage but OBI has
been associated with higher risk of chronic infection progres-
sion and hepatocellular carcinoma (HCC) when other causes of
liver damage co-exist (e.g. HIV or HCV co-infection) [22]. In
addition, mutations in the HBV X gene associated with HCC in
patients have been described in the genome of some OBI strains
[23]. Long-term follow-up studies are still needed to establish
the risk of clinical progression in blood donors associated with
the OBI status.

Sustained viral replication with very low levels of HBV
DNA in blood characterizes OBI. The viral load median level
in OBIs varies generally between 10 and 50 IU/mL [2,12,18].
Different mechanisms have been proposed to explain these per-
sistent low levels of viraemia observed in OBI including (1)
interference with other viruses (i.e. HIV, HCV), (2) epigenetic
changes (i.e. methylation of cccDNA), (3) genomic integration
resulting in disruption of the HBV genome, (4) virus-specific
mutations impairing replicative competence of HBV, and (5)
incomplete immunological control of HBV infection in associa-
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Fig. 1. HBV markers distribution in infected blood donors. HBsAg, anti-HBc antibodies, anti-HBs antibodies, and HBV DNA were investigated in confirmed
HBV-infected donors from South Africa (n=3416), the Mediterranean region (n=1608), Central and Northern Europe (n=503), South East Asia (n=3754), and
Oceania (n=174). Initial HBV screening was performed by using ID-NAT with the procleix Ultrio assay on the Tigris platform (Grifols Diagnostic Solutions Inc.
and Hologic) and HBsAg screening with the Abbott PRISM or ARCHITECT chemiluminescent assays. Data derived from Lelie et al., 2017 [11].

tion with adaptation of the virus to this immunological pressure
by selection of escape mutants [12,13]. The latter mechanism is
supported by the presence of detectable anti-HBs in 49% of OBI
donors, and by the high genetic variability observed within both
cellular and humoral epitopes located in the HBV surface pro-
teins of OBI viral strains compared to strains from patients with
overt HBV infection [24]. In addition, mutations outside the
major epitopes may also contribute to OBI by affecting HBV
infectivity, cell tropism, virion morphogenesis, and HBsAg
excretion [25]. The implication of the host immune system in
the genesis of OBI is indirectly supported further by numer-
ous reports of HBV reactivation in OBI patients undergoing
severe immunosuppression [26]. However, the characterization
of alarge number of OBI strains with little or no variation in their
surface protein epitopes suggests that immune pressure may
not be the only major factor involved in OBI genesis. Genetic
analyses identified multiple mutations affecting viral structural
(Core, Pol, S) and non-structural (X) genes, various critical cis-
regulatory elements (i.e. promoters, € and ¢ elements), and/or
critical RNA secondary structures within the HBV pre-genomic
RNA and mRNAs that might negatively affect viral replication
and/or gene expression [23,24,27,28]. However, the majority

of studies investigated the genetic variability of OBI strains
that provided only indirect evidences while functional analyses
especially those based on full-length HBV genome remain rare.

In France, since the implementation of a systematic HBV-
NAT in 2010 to the end of 2015, 0.24% of HBsAg-negative/anti-
HBc positive donations were found HBV DNA positive. From
2005 to 2015, 72% (43/60) of HBV-NAT yield cases were OBI.
When tested, 14 out of 32 (42%) of these OBIs had low levels
of anti-HBs (11-2271U/L). HBV DNA was quantified in 33
OBI donations: 22 (67%) had viral load <6IU/mL (limit of
quantification), 7 (21%) had 8 to 1074 IU/mL, and no viral DNA
was detected in 4 (12%) (data from EFS, CTSA, SPF and INTS).

4. Transfusion-transmission of OBI

While HBV transmission from HBsAg-negative donations is
supported by clinical observations for decades, it remains a not
frequently reported event. Reasons are that HBV transmission
can only be assessed by look-back or trace-back investigations.
The former consists in systematic identification and testing
of recipients transfused with donations preceding the index
donation identifying the donor as OBI and the latter is trig-
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gered by a clinical infection in a transfused patient for whom a
transfusion cause is investigated. Trace-back investigations rely
on clinical evidence and proper diagnostic of HBV infection.
However, primary HBV infection is asymptomatic in 65-80%
of patients with an incubation period that can extend over six
months in recipients with an impaired immune system or with
active/passive neutralizing antibodies. Look-back studies are
often limited because alack of donor archive samples and the dif-
ficulty in tracing recipients since a ~50% mortality rate within
6—12 months post-transfusion from underlying conditions has
been reported [29]. A major limitation remains the lack of
pre-transfusion HBV test results in most recipients to exclude
previous HBV exposure, particularly in areas of medium/high
HBYV prevalence where community acquired, nosocomial, or
previous recovered infection should be considered [30,31]. HBV
transfusion-transmission can be definitively confirmed only by
sequence homology (>99%) of viral strains infecting the donor
and the recipient. Such molecular confirmation may be difficult
to obtain due to the undetectable or intermittently detectable
HBYV DNA levels in OBI donors and/or the absence of detect-
able viral DNA in the recipients because of viral clearance
by the time investigations are launched. Nevertheless, HBV
transfusion-transmissions associated with blood products from
OBI donors were fully confirmed or deemed highly probable by
indirect serological evidences in several studies [29,32,33].

Higher transmission rates were consistently reported with
fresh-frozen plasmas (FFP) and platelet concentrates (PC) sus-
pended in 200 mL of plasma than with red blood cells (RBC)
preparations containing approximately 20-50 mL of plasma
[32]. This association between infectivity and the volume of
plasma transfused suggests that viral load, and more importantly
the amount of infectious virions transfused, are critical factors in
transmission. This is further supported by the observation that
transmission by blood products collected from donors in the
WP is over than 10-fold higher than transmission by products
from OBI donors [29]. The extremely low viral load observed
in most of OBI carriers may explain the apparent discrepancy
between relatively high OBI prevalence and few transmission
cases documented even before NAT implementation. However,
transmission has been reported associated with viral DNA levels
< 10IU/mL or unconfirmed ID-NAT [33]. The HBV infectious
dose by transfusion is still largely unknown. Look-back stud-
ies estimated the minimum 50% infectious dose by transfusion
to be somewhere between 20-200 IU (100-1000 virions) in the
absence of anti-HBs antibodies [32,34].

Nevertheless, there is no clear relationship between infectiv-
ity and viral load in blood since similar viral loads were observed
in transmitting and non-transmitting OBI donors and blood com-
ponents from the same OBI donor were infectious in some
recipients but not in others [29]. This suggests that other factors
may be involved in HBV transmission. A body of evidence sug-
gests that HBV transmission rate is significantly reduced when
neutralizing anti-HBs antibodies are concomitantly present in
either donors or the recipients. In some countries, donors test-
ing anti-HBc reactive with anti-HBs > 100 IU/L are considered
eligible. However, the protective level of anti-HBs is still a mat-
ter of debate. A study reported HBV transfusion-transmission

related to OBI donors with high anti-HBs titers whereas no evi-
dence of transmission with components containing < 100 IU/L
anti-HBs was observed in another one [32]. Few cases of HBV
transmission in the presence of anti-HBs (<50 [U/L) were also
described suggesting that in anti-HBs-positive OBI donors the
fluctuating viral load may even temporarily overcome a low level
of anti-HBs [29]. The presence of anti-HBs in ~50% of OBI
donors may appear reassuring butitis counterbalance by the con-
comitant presence of immune escape HBV variants potentially
infectious.

Lack of infectivity may be also related to possible altered viral
fitness due to the accumulation of mutations across the whole
genome of most OBI strains. Mutations in regulatory elements
and/or structural genes may affect the replication properties
of the virus. The particularly high mutation rates persistently
reported within the pre-S1 and S hepatocyte ligand domains of
OBI strains may also interfere with virus binding to the target
cells [2,23,24,27]. However, OBI strains showed no evidence
of altered replication properties in newly infected individuals
when transmitted either by transfusion or naturally [12,22].
Another possibility might be the presence of non-infectious
defective viruses generated by alternative splicing of the HBV
pre-genomic RNA [27]. The frequency of spliced genome in
OBI donors is unknown. Nevertheless, viral particles containing
a full-length and apparently functional genome were identified
in more than 50% of OBI donors [18]. So far, a number of
studies have examined the genetic variability in OBI strains but
functional analysis are still needed.

The immune status of the recipient may be also
involved in the risk of acquiring HBV infection. Natu-
rally immunocompromised elderly and patients receiving
intensive immunosuppressive treatments or undergoing solid
organ/haematopoietic stem cell transplantation may be suscep-
tible to infection with lower infectious dose even in the presence
of anti-HBs. Approximately 50% of transfused recipients in
Western Europe present some degree of immunodeficiency.

5. Residual transmission risk of OBI

Several studies have reported transmission rates for blood
products from OBI donors that can vary significantly between
1.2% and 85% for FFP, 2.2% and 24% for RBC, and 1.2%
and 51% for PC (Table 1). Differences in screening methodol-
ogy, HBV epidemiology, and intrinsic limitations of each study
may account for these discrepancies. The transmission rate may
be underestimated in studies that investigated a limited num-
ber of cases and confirmed HBV transfusion-transmission by
sequence analysis with a donor/recipient sequence homology
>99% [31,34-36]. Similarly, a lower transmission rate might be
expected when candidate donors are tested for anti-HBc and only
donors showing low anti-HBc titres or high anti-HBc titers with
high anti-HBs titers are eligible [35]. Inversely, transmission
rate might be overestimated when considering possible or prob-
able HBV transmission based on indirect serological evidence
in the absence of genetic analysis and pre-transfusion data. To
overcome this limitation, some studies analyzed the prevalence
of markers for past and current HBV infection in recipients and
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HBYV transmission rates from OBI donations.

Nb transmission cases/Nb transfused components

Transmission rate®

Studies Blood components
Wang et al., 2002 NA 2/11
Satake et al., 2007 FFP 1/15
RBC 0/17
PC 0/1
FFP+RBC+PC 1/33
Yuen et al., 2011 FFP 0/8
RBC 1/21
PC 0/16
FFP+RBC+PC 1/45
Allain et al., 2013 FFP 16/19
RBC 23/74
PC 6/12
FFP+RBC+PC 45/105
Seed et al., 2015 FFP 7155
RBC 11/163
PC 2/36
FFP+RBC+PC 21/254
Lieshout-Krikke et al., 2016 FFP 1/1
RBC 2/56
PC 1/23
FFP+RBC+PC 4/80

18.2%
6.7%

3%

2.2%
84%
31%
50%
43%
13%
6.7%
5.6%
8.3%
100%
3.6%
4.3%
5%

2 Based on confirmed transmission by donor/recipient sequence homology >99% (Wang et al., Satake et al., Yuen et al. and Lieshout-Krikke et al.) and on indirect

evidence and adjusted rate according to the background anti-HBc prevalence in the general population (Allain et al. and Seed et al.).

adjusted this prevalence to account for the background anti-HBc
prevalence in the general population [32,33].

Following the implementation of HBV-NAT, the overall
residual risk of HBV transmission by transfusion was estimated
to 1.2-17.4 per million donations according to HBV preva-
lence. However, few reports indicated that OBI donors with HBV
DNA levels undetected by ID-NAT might transmit HBV in the
absence of anti-HBc testing [33,37,38]. A mathematical model
was recently developed to estimate the HBV residual transmis-
sion risk specifically associated with OBI [20]. This model is
based on the probability distribution of the viral load in ran-
domly selected OBI donors, the probability that a given viral
load remains undetected by NAT, and the probability that this
viral load causes infection in the recipient. The model estimates
that 3.3% of OBI donations that are not detected by ID-NAT
(95% LOD: 31U/mL) may cause infection by RBC containing
20mL of plasma. The estimated risk increases up to 14% for
200-mL FFP transfusion. Another model based on look-back
data provided similar 2-3% residual estimates of OBI trans-
mission with blood products screened by ID-NAT (95% LOD:
3-121U/mL) [33]. These risk estimates may vary according to
the donation-testing algorithm used, the sensitivity of NAT, and
the epidemiological context.

6. Conclusion

The risk of HBV transfusion-transmission has been steadily
reduced over the last decades by improving donor selection and
both molecular and serological HBV screening assays. The asso-
ciation of HBsAg and ID-NAT testing intercepts the majority of
HB V-infected donations. However, a limited risk of HBV trans-
mission persists in relation with blood components from OBI

donors with extremely low viral load undetectable by ID-NAT.
More studies are needed to evaluate properly this residual risk.
Anti-HBc testing and/or pathogen reduction procedures might
be considered to improve further blood safety. In countries where
anti-HBc testing is implemented like France, OBI appears to be
no threat to blood safety. However, understanding the molecular
mechanisms associated with OBI and their putative implication
in the clinical evolution of the infection, including the risk of
HBYV reactivation, may help donor counseling.

Disclosure of interest
The authors declare that they have no competing interest.

References

[1] World Health Organization. Hepatitis B Fact sheet; 2017 [Available from
URL.: http://www.who.int/mediacentre/factsheets/fs204/en/].

[2] Raimondo G, Allain JP, Brunetto MR, Buendia MA, Chen DS, Colombo
M, et al. Statements from the Taormina expert meeting on occult hepatitis
B virus infection. J Hepatol 2008;49:625-7.

[3] Roth WK, Busch MP, Schuller A, Ismay S, Cheng A, Seed CR, et al. Interna-

tional survey on NAT testing of blood donations: expanding implementation

and yield from 1999 to 2009. Vox Sang 2012;102:82-90.

Polizzotto MN, Wood EM, Ingham H, Keller AJ, on behalf of the Austra-

lian Red Cross Blood Service Donor and Product Safety Team. Reducing

the risk of transfusion-transmissible viral infection through blood donor
selection: the Australian experience 2000 through 2006. Transfusion
2008;48:55-63.

[5] SlotE, Janssen MP, Marijt-van der Kreek T, Zaaijer HL, van de Laar TJ. Two
decades of risk factors and transfusion-transmissible infections in Dutch
blood donors. Transfusion 2016;56:203—14.

[6] Thibault V, Servant-Delmas A, Ly TD, Roque-Afonso AM, Laperche S.
Performance of HBsAg quantification assays for detection of Hepatitis B

[4

flnari

virus genotypes and diagnostic escape-variants in clinical samples. J Clin
Virol 2017;89:14-21.

Biologique (2017), http://dx.doi.org/10.1016/j.tracli.2017.06.014

Please cite this article in press as: Candotti D, et al. Occult hepatitis B infection and transfusion-transmission risk. Transfusion Clinique et



dx.doi.org/10.1016/j.tracli.2017.06.014
http://www.who.int/mediacentre/factsheets/fs204/en/
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0200
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0205
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0210
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0215
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0220

+Model
TRACLI-2935; No.of Pages7

D. Candotti et al. / Transfusion Clinique et Biologique xxx (2017) xxx—xxx 7

[7] Servant-Delmas A, Ly TD, Hamon C, Houdah AK, Laperche S. Com-
parative performance of three rapid HBsAg assays for detection of
HBs diagnostic escape mutants in clinical samples. J Clin Microbiol
2015;53:3954-5.

[8] vande Laar TJ, Marijt-van der Kreek T, Molenaar-de Backer MW, Hogema
BM, Zaaijer HL. The yield of universal antibody to hepatitis B core anti-
gen donor screening in the Netherlands, a hepatitis B virus low-endemic
country. Transfusion 2015;55:1206-13.

[9] Taira R, Satake M, Momose S, Hino S, Suzuki Y, Murokawa H, et al. Resid-
ual risk of transfusion-transmitted hepatitis B virus (HBV) infection caused
by blood components derived from donors with occult HBV infection in
Japan. Transfusion 2013;53:1393—404.

[10] Lelie N, Bruhn R, Busch M, Vermeulen M, Tsoi WC, Kleinman S, et al.
Detection of different categories of hepatitis B virus (HBV) infection in a
multi-regional study comparing the clinical sensitivity of hepatitis B surface
antigen and HBV-DNA testing. Transfusion 2017;57:24-35.

[11] Vermeulen M, Dickens C, Lelie N, Walker E, Coleman C, Keyter M,
et al. Hepatitis B virus transmission by blood transfusion during 4 years
of individual-donation nucleic acid testing in South Africa: estimated and
observed window period risk. Transfusion 2012;52:880-92.

[12] Hollinger FB. Hepatitis B virus infection and transfusion medicine: science
and the occult. Transfusion 2008;48:1001-26.

[13] El Chaar M, Candotti D, Crowther RA, Allain J-P. Impact of HBV surface
protein mutations on the diagnosis of occult HBV infection. Hepatology
2010;52:1600-10.

[14] Coppola N, Loquercio G, Tonziello G, Azzaro R, Pisaturo M, Di Costanzo
G, et al. HBV transmission from an occult carrier with five mutations in
the major hydrophilic region of HBsAg to an immunosuppressed plasma
recipient. J Clin Virol 2013;58:315-7.

[15] Enjalbert F, Krysztof DE, Candotti D, Allain JP, Stramer SL. Comparison
of seven hepatitis B virus (HBV) nucleic acid testing assays in selected
samples with discrepant HBV markers results from United States blood
donors. Transfusion 2014;54:2485-95.

[16] Spreafico M, Berzuini A, Foglieni B, Candotti D, Raffaele L, Guarnori
I, et al. Poor efficacy of nucleic acid testing in identifying occult HBV
infection and consequences for safety of blood supply in Italy. J Hepatol
2015;63:1068-76.

[17] Kiely P, Margaritis AR, Seed CR, Yang H, on behalf of the Austra-
lian Red Cross Blood Service NAT Study Group. Hepatitis B virus
nucleic acid amplification testing of Australian blood donors highlights the
complexity of confirming occult hepatitis B virus infection. Transfusion
2014;54:2084-91.

[18] Allain JP, Candotti D. Diagnostic algorithm for HBV safe transfusion.
Blood Transfus 2009;7:174-82.

[19] Prowse CV. Component pathogen inactivation: a critical review. Vox Sang
2013;104:183-99.

[20] Weusten J, van Drimmelen H, Vermeulen M, Lelie N. A mathematical
model for estimating residual transmission risk of occult hepatitis B virus
infection with different blood safety scenarios. Transfusion 2017;57:841-9.

[21] Stramer SL, Wend U, Candotti D, Foster GA, Hollinger FB, Dodd RY, et al.
Nucleic acid testing to detect HBV infection in blood donors. N Engl ] Med
2011;364:236-47.

[22] Squadrito G, Spinella R, Raimondo G. The clinical significance of occult
HBYV infection. Ann Gastroenterol 2014;27:15-9.

[23] Allain JP, Belkhiri D, Vermeulen M, Crookes R, Cable R, Amiri A, et al.
Characterization of occult hepatitis B virus strains in South African blood
donors. Hepatology 2009;49:1868-76.

[24] Candotti D, Grabarczyk P, Ghiazza P, Roig R, Casamitjana N, Tudi-
cone P, et al. Characterization of occult hepatitis B virus from blood
donors carrying genotype A2 or genotype D strains. J Hepatol 2008;49:
537-47.

[25] Biswas S, Candotti D, Allain JP. Specific amino acid substitutions in the S
protein prevent its excretion in vitro and may contribute to occult hepatitis
B virus infection. J Virol 2013;87:7882-92.

[26] Sagnelli E, Pisaturo M, Martini S, Filippini P, Sagnelli C, Coppola N.
Clinical impact of occult hepatitis B virus infection in immunosuppressed
patients. World J Hepatol 2014;27:384-93.

[27] Candotti D, Lin CK, Belkhiri D, Sakuldamrongpanich T, Biswas S, Lin S,
et al. Occult hepatitis B infection in blood donors from South East Asia:
molecular characterization and potential mechanisms of occurrence. Gut
2012;61:1744-53.

[28] Samal J, Kandpal M, Vivekanandan P. Molecular mechanisms underlying
occult hepatitis B virus infection. Clin Microbiol Rev 2012;25:142-63.

[29] Candotti D, Allain JP. Transfusion-transmitted hepatitis B virus infection.
J Hepatol 2009;51:798-809.

[30] Su TH, Chen PJ, Chen TC, Cheng HR, Li L, Lin KS, et al. The clinical
significance of occult hepatitis B transfusion in Taiwan —a look back study.
Transfus Med 2010;21:33-41.

[31] Wang JT, Lee CZ, Chen PJ, Wang TH, Chen DS. Transfusion-transmitted
HBYV infection in an endemic area: the necessity of more sensitive screening
for HBV carriers. Transfusion 2002;42:1592-7.

[32] Allain JP, Mihaljevic I, Gonzalez-Fraile MI, Gubbe K, Holm-Harritshoj
L, Garcia JM, et al. Infectivity of blood products from donors with occult
hepatitis B virus infection. Transfusion 2013;53:1405-15.

[33] Seed CR, Maloney R, Kiely P, Bell B, Keller AJ, Pink J, et al. Infectiv-
ity of blood components from donors with occult hepatitis B infection
— results from an Australian lookback programme. Vox Sang 2015;108:
113-22.

[34] Yuen MF, Wong DK, Lee CK, Tanaka Y, Allain JP, Fung J, et al. Trans-
missibility of hepatitis B virus (HBV) infection through blood transfusion
from blood donors with occult HBV infection. Clin Infect Dis 2011;52:
624-32.

[35] Satake M, Taira R, Yugi H, Hino S, Kanemitsu K, Ikeda H, et al. Infectivity
of blood components with low hepatitis B virus DNA levels identified in a
lookback program. Transfusion 2007;47:1197-205.

[36] Lieshout-Krikke RW, van Kraaij MGJ, Danavic F, Zaaijer HL. Rare
transmission of hepatitis B virus by Dutch donors with occult infection.
Transfusion 2016;56:691-8.

[37] Vermeulen M, Colemen C, Walker E, Koppleman M, Lelie N, Reddy R.
Transmission of occult HBV infection by ID-NAT screened blood. Vox
Sang 2014;107:146.

[38] Levicnic-Stezinar. Fresh-frozen plasma from an anti-HBc positive donor
with undetectable HBV DNA transmitted hepatitis B virus to two recipients.
Vox Sang 2014;107:147.

Biologique (2017), http://dx.doi.org/10.1016/j.tracli.2017.06.014

Please cite this article in press as: Candotti D, et al. Occult hepatitis B infection and transfusion-transmission risk. Transfusion Clinique et



dx.doi.org/10.1016/j.tracli.2017.06.014
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0225
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0230
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0235
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0240
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0245
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0250
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0250
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0250
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0250
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0250
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0250
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0250
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0250
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0250
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0250
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0250
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0250
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0250
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0250
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0250
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0250
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0250
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0250
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0255
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0255
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0255
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0255
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0255
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0255
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0255
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0255
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0255
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0255
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0255
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0255
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0255
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0255
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0255
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0255
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0255
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0255
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0255
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0255
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0255
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0255
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0255
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0255
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0255
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0255
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0255
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0255
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0255
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0260
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0265
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0270
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0275
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0280
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0280
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0280
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0280
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0280
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0280
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0280
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0280
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0280
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0280
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0280
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0280
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0280
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0280
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0280
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0280
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0280
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0285
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0285
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0285
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0285
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0285
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0285
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0285
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0285
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0285
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0285
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0285
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0285
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0285
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0285
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0285
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0285
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0285
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0285
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0285
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0285
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0285
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0290
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0295
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0300
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0300
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0300
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0300
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0300
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0300
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0300
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0300
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0300
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0300
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0300
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0300
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0300
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0300
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0300
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0300
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0300
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0300
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0305
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0310
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0315
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0320
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0325
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0330
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0330
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0330
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0330
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0330
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0330
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0330
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0330
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0330
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0330
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0330
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0330
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0330
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0330
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0330
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0330
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0330
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0330
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0330
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0330
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0330
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0330
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0330
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0330
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0330
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0335
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0335
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0335
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0335
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0335
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0335
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0335
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0335
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0335
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0335
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0335
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0335
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0335
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0335
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0335
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0335
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0340
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0345
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0350
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0355
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0360
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0365
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0370
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0375
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0380
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0380
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0380
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0380
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0380
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0380
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0380
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0380
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0380
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0380
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0380
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0380
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0380
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0380
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0380
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0380
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0380
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0380
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0380
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0380
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0380
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0380
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0380
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0380
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0380
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0380
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0380
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0380
http://refhub.elsevier.com/S1246-7820(17)30095-2/sbref0380

	Occult hepatitis B infection and transfusion-transmission risk
	1 Introduction
	2 Reducing the risk of HBV transfusion-transmission
	2.1 Blood donor selection
	2.2 HBsAg testing
	2.3 Anti-HBc testing
	2.4 HBV nucleic acid testing
	2.5 Alternatives to HBV blood screening

	3 Occult HBV infection in blood donors
	4 Transfusion-transmission of OBI
	5 Residual transmission risk of OBI
	6 Conclusion
	Disclosure of interest
	References


