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ABSTRACT

Prognostic factors for the long-term evolution of chronic hepatitis B e antigen (HBeAg)-negative hepatitis B virus (HBV) infection
may vary depending on local epidemiology. We aimed to identify these factors in France, where the epidemiology is influenced by
diverse immigration. Hepatitis B surface antigen (HBsAg)-positive, HBeAg-negative adults with normal transaminase levels and
viral loads <20,000IU/mL for 1year, without viral co-infection or advanced liver disease, were enrolled for a 5-year follow-up.
A total of 564 patients were recruited from 23 centres (54.4% women, mean age 42.3 + 12years, 47.7% from sub-Saharan Africa).
HBV DNA was detectable but <2000IU/mL for most (71.3%). Genotypes E (27.8%) and A (20.0%) were predominant. The mean
HBsAg titre was 3.8+ 3.4 log IU/mL, >10001U/mL in 60% of cases, and higher in genotype E (p <0.0001). During follow-up,
18 patients received antiviral treatment, 9 for viral reactivation (0.3% per year) and 9 preemptively. HBsAg loss occurred in 39
patients (1.4% per year). These patients were older (p <0.0001), more frequently treated for dyslipidemia, hypertension or diabe-
tes (p<0.05), and had lower baseline HBV DNA (p=0.0112) and HBsAg (p <0.0001), but similar levels of HBcrAg compared to
those who did not clear HBsAg. Baseline HBsAg was the only independent predictor of HBsAg loss (p=0.009). In this cohort,
HBsAg <1531U/mL predicted clearance with 87% sensitivity and specificity. In conclusion, baseline HBsAg accurately predicted
seroclearance at 5years in patients with chronic HBeAg-negative infection, regardless of genotype, sex, or geographical origin,
indicating that this marker is widely applicable for reducing the frequency of patient monitoring.

Abbreviations: ALT, alanine aminotransferase; ANGH, Association Nationale des Hépato-Gastroentérologues des Hopitaux Généraux; BMI, body mass index; cccDNA, covalently closed and
circular DNA; EASL, European Association for the Study of the Liver; HBcrAg, hepatitis B core-related antigen; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis
B virus; ROC curve, receiver operating characteristic curve.
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Hepatitis B remains a public health problem in France, de-
spite availability of effective vaccines and treatments, which
currently only allow for a functional cure [1, 2]. The natural
history of chronic hepatitis B virus (HBV) infection has been
divided into five phases, according to the presence of hepati-
tis B e antigen (HBeAg), HBV DNA levels and alanine amino-
transferase (ALT) values. In most cases, multiple assessments
of ALT levels and viral markers are required to define the
infection phase. HBeAg-negative chronic HBV infection, for-
merly ‘inactive carrier’ phase, is characterised by the presence
of serum antibodies to HBeAg (anti-HBe), undetectable or
low (<20001U/mL) HBV DNA levels and persistently normal
ALT in patients without viral coinfection and mild or absent
liver fibrosis. Some patients in this phase may have HBV DNA
levels >20001U/mL, and <20,000IU/mL [3]. Patients with
HBeAg-negative infection have a low risk of progression to
cirrhosis (<0.1 per 100 persons/year) or hepatocellular car-
cinoma (0.05 per 100 persons/year), and little change in life
expectancy (mortality 0.03 per 100 persons/year). Hepatitis
B surface antigen (HBsAg) loss and/or seroconversion may
occur spontaneously in 0.7%-2.3% per year, but progression
to chronic hepatitis B may also occur in 0%-10% of cases, de-
pending on the cohort [4-14]. Hence, long-term surveillance
is recommended for this heterogeneous population. The 2017
guidelines of the European Association for the Study of the
Liver (EASL) advised to monitor ALT every 6-12months in
patients with B viral load <20001U/mL, with HBV DNA and
liver fibrosis assessment every 2-3 years, depending on HBsAg
quantification. Those with HBV DNA >2000 UI/mL need
closer monitoring with ALT determination every 3 months for
the first year and every 6 months thereafter, with yearly HBV
DNA and fibrosis assessment. If no treatment indication arises
during the first 3years of surveillance, the follow-up is then
the same as for patients with HBV DNA <20001U/mL [3].

The correct and early identification of the stage of HBV disease
has been the subject of much research. Indeed, the early identi-
fication of HBeAg-negative infection would avoid the need for
close monitoring, particularly during the first year. In addition,
identifying among patients with HBeAg-negative infection those
who will lose their HBsAg would further simplify follow-up,
given the very low risk of disease progression [15]. Typically,
such patients have > 15years of chronic HBV infection [16], and
low HBsAg levels. Threshold values predicting HBsAg loss have
been proposed, but may differ according to HBV genotype. In
Asian populations infected with genotypes B and C, HBsAg
level <100IU/mL was associated with HBsAg loss during fol-
low-up, while in European populations infected with genotype
D, the threshold was <1000IU/mL [17]. The magnitude of
HBsAg titre reduction over time, and low or undetectable HBV
RNA and Hepatitis B core-related antigen (HBcrAg) levels were
also predictive of HBsAg loss, but accurate cut-offs have not yet
been proposed [18].

The aim of our study was to investigate the 5-year outcome of
patients with HBeAg-negative chronic HBV infection to identify
factors predictive of HBsAg loss. The analysis of a French cohort
seems valuable because French epidemiology differs from that
of Asia, Italy, or the United States, where similar studies have
been conducted.

1 | Patients and Methods

PIBAC is a multicentre cohort study involving 23 French and
1 Belgian centres, in general and university hospitals, and in
private practice. HBsAg positive and HBeAg negative adults
with normal aminotransferases levels (ALT <40IU/L) and
HBV DNA <20,000IU/mL, repeated every 3 or 4months for
at least 1year were prospectively included. Other inclusion cri-
teria were the absence of Hepatitis C, Hepatitis D or Human
Immunodeficiency Virus infection and the absence of signs of
advanced liver disease, whether clinical, biological, ultrasono-
graphic or elastographic. Transient elastography has been vali-
dated to distinguish HBV patients with significant liver fibrosis
from those with minimal or absent fibrosis [19].

Data collected included sex, age, geographical origin, body
mass index (BMI) and use of antihypertensive, antidiabetic
or lipid-lowering medications. Alcohol, tobacco and cannabis
consumption were collected at inclusion using an open-ended
questionnaire. Patients were followed for Syears, with an-
nual collection of clinical, biological, ultrasound and elasto-
graphic data.

1.1 | Virological Analyses

HBsAg titre was determined using Elecsys* HBsAg II quant
II reagent on a Cobas 6000 system (Roche Diagnostics), with a
measurement range of 0.05 to >52,000IU/mL. The threshold
for HBsAg negativity was <0.05IU/mL. HBcrAg titre was de-
termined using Lumipulse* G HBcrAg reagent (Fujirebio Inc.,
Japan, Research use only) on a Lumipulse G600II automated
immunoassay system. The result was given in log,, arbitrary
units (U)/mL: <2 =negative, between 2 and 3 =detectable, non-
quantifiable, from 3 to 7=quantification range. HBV genotype
was determined by sequencing and phylogenetic analysis of 600
nucleotides encompassing the polymerase and surface genes.
These analyses were carried out centrally at the virology labo-
ratory of the Paul Brousse Hospital in Villejuif. The viral load
required for patient management was carried out on an ongoing
basis at each centre.

1.2 | Statistical Analysis

Three evolutionary profiles were defined: (1) Unfavourable:
diagnosis of cirrhosis or liver cancer, HBV-related death, or
HBV reactivation; (2) Favourable: HBsAg clearance; (3) Stable:
absence of any of the events listed above. To investigate fac-
tors associated with HBsAg loss, a univariate analysis was
performed using chi-2 or Fisher tests for categorical variables,
and Student's t-test for continuous variables. After interaction
analysis of the model variables and imputation of missing
data by the MICE package, a multivariate logistic regression
analysis was conducted to identify independent predictors of
HBsAg loss. Receiver operating characteristic (ROC) curves
were constructed to compare the respective diagnostic perfor-
mance of baseline HBV DNA and HBsAg titres in predicting
HBsAg loss. The area under the curve (AUC) and 95% con-
fidence intervals were calculated. Statistical analysis was
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performed using RStudio 2023.09 and Analyse-it for Microsoft
Excel 6.15.4.

2 | Results

From September 2014 to June 2016, 566 patients were pre-
selected as ‘inactive carriers’. Of them, 2 were excluded due to
elastography value > 10kPa, indicating significant fibrosis, and
564, 1-100 per centre, were included.

2.1 | Baseline Characteristics

Fifty-four percent were women, with a mean age of
42.3+12years (Table 1). Sub-Saharan Africa was the most fre-
quent area of origin (47.7%). The mean BMI was 25.7 +4.5kg/
m?, 1.2% of men reported alcohol consumption of over 40g/
day, 1% of women reported alcohol consumption of over 20g/
day, 8.7% were current smokers and 1.2% reported canna-
bis use.

Most patients had detected but <2000IU/mL viral load
(71.3%), HBsAg titre >10001U/mL (59.8%) and low (<3 log
U/mL) or undetected HBcrAg (85.5%). Viral genotyping was
successful in 74.8% of subjects with a sufficient viral load.
Genotype E was predominant (27.8%), followed by A (20.0%),
D (18.3%), B (4.4%), C (3.9%) and F (0.4%). Higher HBsAg titres
were observed for patients infected by genotype E, compared
with all other genotypes except F, which was detected in only
2 patients (Figure 1a). Patients infected by genotypes B and C
presented higher HBcrAg titres, which were quantifiable in
42 and 30% of cases respectively, compared with 7%-13% for
other genotypes (Figure 1b). HBV genotype had no impact on
viral load.

2.2 | Five-Year Follow-Up

The attrition rate at Syears was 39% (Table S1). During fol-
low-up, two deaths occurred, unrelated to HBV (accidental fall,
breast cancer). No cases of acute liver failure, cirrhosis or hepa-
tocarcinoma were reported.

Antiviral treatment was given to 18 patients, with a pre-emptive
objective in nine cases: progressive cancer (n=3), initiation of
immunosuppressive therapy (n=5) and occupational precau-
tion in a healthcare worker (n = 1). In the nine other patients, the
reason for antiviral treatment was HBV reactivation, defined as
viral load >20,0001U/mL and/or ALT > N. The reactivation rate
was 0.3% per year and 1.6% at Syears. Reactivation occurred in
7 women and 2 men, mean age 39 +9years, mean HBsAg titre
at inclusion 4.06+4.15 log IU/mL, >1000I1U/mL in all cases,
and mean viral load 3.6+ 3.4 log IU/mL, >2000IU/mL in 6/9
patients. Genotype E was identified in 6/9 patients. HBcrAg was
tested in eight patients and undetected in 4/8 cases.

Spontaneous HBsAg clearance was observed in 39 patients,
that is 1.4%/year, 6.9% at Syears. Among these 39 patients, 21
had available anti-HBs results: 15/21 (71.5%) seroconverted to
anti-HBs.

Among patients followed up to 5years, 300 had no need for anti-
viral treatment, nor HBsAg clearance. Year-5 HBsAg titre, avail-
able for 218 of these patients, was significantly lower than at
baseline, 3.8 £3.9 log IU/mLvs. 3.6 + 3.8 log IU/mL (p <0.0001),
which is a mean decrease of 0.2 log at 5years.

2.3 | Factors Associated With HBsAg Clearance

Table 1 compares the baseline characteristics of the 39 patients
with HBsAg clearance with those of the 300 patients who re-
mained HBsAg-positive without initiation of antiviral ther-
apy. Patients with HBsAg loss were 10years older (p <0.0001),
their HBsAg level was >10 times lower (p <0.0001), and their
viral load was >2 times lower (p=0.0112). They were also
more often treated for dyslipidaemia (p =0.0004), hypertension
(p=0.0056), or diabetes (p=0. 0372). Viral genotype, HBcrAg
level, geographic origin, sex, BMI or recruiting centre were not
associated with HBsAg loss.

In multivariate logistic regression, only baseline HBsAg titre
(p=0.009)was associated with HBsAg clearance. Approximately
25% of patients with HBsAg <1000 and half of patients with
HBsAg <100 have lost their HBsAg at Syears, while only 13.8%
of those with HBV DNA <2000 and 41.2% of those with unde-
tectable HBV DNA had this outcome.

The performance of baseline HBsAg and HBV DNA quanti-
fication to identify patients who will clear HBsAg during fol-
low-up is shown in Figure 2, with areas under the ROC curve
of 0.927 (CI 95% [0.889-0.965]), p<0.0001, and 0.771 (CI 95%
[0.689-0.853]), p <0.0001, respectively. An HBsAg <153 UI/mL
predicted HBsAg loss at 5years, with the highest sensitivity and
specificity, which is 87%. However, performance at this thresh-
old varied according to genotype, with sensitivity and specificity
of 100% and 97.6% for the E genotype, compared with 84% and
83% for the non-E genotype.

3 | Discussion

Prospective follow-up of a large cohort of patients with chronic
HBeAg-negative HBV infection in France confirms the favour-
able prognosis of this population, with rare viral reactivations,
occurring in 0.3% of cases per year. The other patients saw their
HBsAg levels decrease over time, with a very slow decline of 0.2
log on average over the 5years of follow-up; functional cure, that
is loss of HBsAg, was a rare event, occurring in 1.4% of cases
per year, similar to previously reported rates [3, 20-22], and was
accurately predicted over 5years by a low baseline HBsAGg titre.
This simple tool can be used to tailor the care of patients with
chronic HBeAg-negative HBV infection.

During the natural history of chronic HBV infection, the for-
merly ‘inactive carrier’ stage is reached after many years of evo-
lution and has a favourable long-term outcome [3]. At this stage,
the decrease in HBsAg levels over time is expected [16, 23], with
infrequent loss of HBsAg, but when it does occur, seroclearance
has been shown to be sustained in most cases [20, 21]. Among
the factors predictive of HBsAg loss in these patients, a low
baseline HBsAg titre and/or the dynamics of the decline in the
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TABLE1 | Patient's characteristics at baseline, by outcome.

All patients, HBsAg clearance during HBsAg persistence at 5years
N=564 follow-up, N=39 w/o treatment, N=300 P

Sex, n (%)

Female 307 (54.4) 19 (48.7) 166 (55.3) 0.4351

Male 257 (45.6) 20 (51.3) 134 (44.7)
Age mean (SD) 42.3(11.9) 52(11.6) 41.9 (11.2) <0.0001
Origin, n (%)

Sub-Saharian Africa 269 (47.7) 11 (28.2) 144 (48.0) 0.3330

France 87 (15.4) 8(20.5) 45 (15.0)

North Africa 74 (13.1) 7(17.9) 45 (15.0)

Asia/Oceania 68 (12.1) 7(17.9) 34 (11.3)

Western Europe/North 39 (6.9) 4(10.3) 18 (6.0)

America

Eastern Europe 19 (3.4) 2(5.1) 10 (3.3)

Other 8(1.4) 0 4(1.3)
BMI mean (SD) 25.7 (4.5) 25.3(3.8) 25.8 (4.5) 0.5424
Hypertension therapy, n (10.1) 9(23.1%) 27 (9.0%) 0.0056
(%)
Diabetes therapy, n (%) (4.4) 4 (10.3%) 11 (3.7%) 0.0372
Hypolipidemic therapy, (5.0) 6 (15.4%) 9 (3.0%) 0.0004
n (%)
HBV genotype, n (%)

A 115 (20.0) 5(12.8) 64 (21.3) 0.2187

B 26 (4.4) 3(7.7) 15 (5.0)

C 22(3.9) 2(5.1) 9 (3.0)

D 105 (18.3) 5(12.8) 57 (19.0)

E 158 (27.8) 8(20.5) 85(28.3)

F 2(0.4) 0 1(0.3)

ND 145 (25.2) 16 (41.1) 69 (23.0)
HBV DNA mean log TU/ 3.16 (3.44) 2.59 (3.02) 3.15(3.4) 0.0112
mL (SD)
HBVDNA class

Not detected, n (%) (10.1) 14 (35.9) 20(0.7) <0.0001

Detected <2000, 1 (%) (71.3) 23 (59) 220 (66.7)

2000-20,000, 1 (%) (18.6) 2(5.1) 60 (32.6)
HBsAg mean log IU/mL 3.77 (3.91) 2.12(2.69) 3.78 (3.90) <0.0001
(SD)
HBsAg class

<100, n (%) (16.5) 32(82) 33(11) <0.0001

100-999, 1 (%) (23.8) 6 (15.4) 78 (26)

>1000, 1 (%) (59.8) 1(2.6) 189 (63)

(Continues)
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TABLE1 | (Continued)

All patients, HBsAg clearance during HBsAg persistence at 5years
N=564 follow-up, N=39 w/o treatment, N=300 4]

HBcrAg class
Not detected, 1 (%) 234 (41.5) 21(53.8) 125 (41.7) 0.0720
Detected, n (%) 237 (42.0) 16 (41.1) 120 (40.0)
Quantifiable, n (%) 68 (12.1) 1(2.6) 41 (13.7)
NA, n (%) 25(4.4) 1(2.6) 14 (4.7)

a) HBsAg
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FIGURE1 | Baseline HBsAg and HBcrAg levels, by genotype. (a) HBsAg titres (mean + SD log IU/mL). Genotype A: 3.33+0.8; B: 2.36+£0.9; C:
3.0+£0.2; D: 2.62+1.1; E: 3.57+0.9. HBsAg titres in genotype E were higher than titres in all other genotypes (p <0.0001). (b) HBcrAg levels. The
frequency of quantifiable HBcrAg levels was higher in genotypes B and C compared to genotypes A, D and E (p <0.05).
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FIGURE 2 | Performance of baseline HBsAg and HBV DNA quantification to identify patients who will lose HBsAg during 5-years follow-up.
Receiver operating characteristic curve (ROC) for prediction of HBsAg loss based on baseline serum levels of HBsAg and HBV DNA. Areas under

the curve were 0.927 for HBsAg levels, and 0.771 for HBV DNA levels.

titre are highly predictive of seroclearance in many studies, re-
flecting the decline in cccDNA levels. In Asian cohorts, an an-
nual decrease > 0.5 log IU/mL had a positive predictive value of
HBsAg clearance of 89% when the initial HBsAg was <2001U/
mL [23, 24]. In a large and diverse North American and Asian
Pacific population, the annual seroclearance rate reached 7%
in patients aged over 55years with HBsAg <100 UI/mL [25].
HBsAg <100UI/mL was also the best predictor of spontaneous
seroclearance in an Italian cohort [22]. Combinations of factors
have been proposed to improve the prediction of HBsAg loss
in patients with chronic HBeAg-negative HBV infection: a low
HBsAg (<1001U/mL) with low anti-HBc levels [26] or change
in HBsAg levels and fibronectin level [27] for seroclearance at
lyear; alow HBsAg with a low level of the IP-10 cytokine [28] or
a score combining sex, change in HBsAg, age and for the predic-
tion of HBsAg loss at 3years [21].

In our study, where patients were enrolled with a strict defini-
tion of inactive HBeAg-negative infection, baseline HBsAg titre
was the only independent predictor of functional cure: a value
of 1531U/mL was identified, with the best possible sensitivity
and specificity (87%), patients who were HBsAg-negative within
Syears, performance was even better for genotype E-infected
patients.

One of the original features of our cohort is the great genotypic
diversity of our patients, with a majority of E and A, endemic in

sub-Saharan Africa. We show higher HBsAg titres in patients
infected with genotypes F, E and A than in those infected with
genotypes B, C or D (Figure 1, Table S2). A Spanish study also
reported that HBsAg levels varied across genotypes in HBeAg-
negative patients with higher titres for genotypes F, H, E and
A than for genotype D [29]. To date, EASL guidelines for the
identification of HBeAg-negative chronic infections have been
based on results from Asian or Caucasian cohorts where B and
C, or D genotypes predominate [3, 17, 30, 31]. Previously defined
thresholds may not be transposable to France due to the differ-
ence in genotype distribution. Indeed, most of our patients (60%)
had baseline HBsAg over 1000 UI/mL, the threshold proposed
by Brunetto et al. [30] to define inactive infection among geno-
type D-infected patients, but the absence of liver events in most
of our patients suggests that they were true ‘inactive carriers’.

In univariate analysis, older age and lower baseline viral load
were associated with HBsAg seroclearance, a result consistent
with previous studies [18]. The association of HBsAg loss with
age and pathologies whose frequency increases with age (dys-
lipidaemia, hypertension and diabetes) are consistent with a de-
crease in titre with the duration of infection [16]. However, most
of the migrants included in this study were diagnosed with B
virus infection when they were screened on arrival in France,
so the age of the infection, although probably neonatal in most
cases, is not known precisely. We therefore did not examine
the reported age of infection in our analysis. Similarly, we did
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not record which lipid-lowering treatment was used (statin or
fibrate), which made it impossible to study whether there was a
specific effect of statins.

In a large retrospective Taiwanese study, while HBsAg level
was the best predictor of HBsAg clearance in treatment naive
patients at 5years of follow-up, it was the HBcrAg level that was
the best long-term predictor, at 10, 15 or 20years [32]. However,
inactive carriers have typically low or undetected HBcrAg lev-
els reflecting the low transcriptional activity of cccDNA at this
stage [18], and this was the case for most of our patients (83.5%).
Accordingly, HBcrAg level was not a relevant predictor of spon-
taneous HBsAg seroclearance at this late stage of the natural
history. In addition, we observed a genotype-dependent bias of
HBcrAg quantification that deserves further investigation.

Viral reactivation was infrequent and well controlled by the
available nucleos(t)ide analogues (tenofovir and entecavir),
which were initiated as soon as reactivation was diagnosed,
probably contributing to the absence of hepatic complications in
this cohort. The small number of reactivations makes it impos-
sible to define reliable risk thresholds. However, these patients
all had baseline HBsAg >1000IU/mL, and most were infected
with genotype E, with viral load >20001U/mL. It would be in-
teresting to explore the factors associated with reactivation in
a cohort with a larger number of patients who have HBV DNA
levels between 2000 and 20,0001U/mL. For these patients, it is
important to emphasise the need for long-term follow-up, espe-
cially since treatment does not lead to HBV eradication.

One might question the representativeness of our cohort, par-
ticularly given the high attrition rate. This high rate can be
explained by the absence of therapeutic indications. This is es-
pecially true since many participants, being migrants, had other
immediate concerns (housing with a change of address during
the study, access to employment, administrative situation, etc.).
In addition, the last monitoring period (2020-2021) was severely
disrupted by the COVID-19 epidemic, which prevented or de-
layed many consultations. Nevertheless, despite high attrition
rate, our cohort is one of the largest prospective cohorts reported
to date [4-14]. This cohort is also representative of the popula-
tion treated in mainland France in several respects: (i) the ma-
jority of patients were of African origin [1]; (ii) baseline BMI
was comparable to that of the general population in the OBEPI-
ROCHE 2020 study (Figure S1) [33]; (iii) Liver elastography data
are consistent with previous reports [7, 12, 13, 34]. Alcohol, to-
bacco, and cannabis consumption were however lower than in
the general population. Although self-reporting may lead to an
underestimate, this reduced consumption could be linked to the
different lifestyles of the patients included, many of whom are
not of French origin. In our study, the main recruiting centres
were associated with large maternity wards. As screening for
hepatitis B is systematic during pregnancy, this probably con-
tributed to the predominance of women in our cohort.

In Europe, the prevalence and the diversity of HBV are strongly
affected by immigration. France, and Europe in general, have
seen high rates of immigration from countries with intermediate
or high HBV seroprevalence, including Asian and African coun-
tries [35]. HBV genotypes, which show distinct geographical dis-
tributions, or patient's genetics may impact disease progression.

The results of our cohort, which is characterised by great geno-
typic diversity and, by extension, great ethnic diversity, could
therefore be extrapolated to most European countries, and
probably also to countries of emigration: Once inactive carrier
status has been carefully characterised, a low HBsAg level reli-
ably identifies patients who will lose the HBsAg and who could
therefore safely benefit from reduced monitoring.

4 | Conclusion

This study of a large and diverse French cohort of patients with
strict diagnostic criteria for HBeAg-negative chronic HBV in-
fection confirms the rarity of clinical events and the low fre-
quency of functional cure after 5years of follow-up. In this
population, with predominantly E and A genotypes, HBsAg
levels slowly declined over time and a low initial titre <153 UI/
mL was the best predictor of functional cure at 5years. Patient
compliance with the monitoring protocol was limited, as con-
firmed by the high attrition rate observed. This surveillance
could be reduced, at low risk, for people whose HBsAg level
is below this threshold, once it has been confirmed in a vali-
dation cohort. On the other hand, surveillance should not be
relaxed for those with a viral load >20001U/mL and HBsAg
>1000IU/mL. Only the availability of more potent antivirals,
capable of eradicating the virus, seems likely to change this
strategy.
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