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edro  Acuñae, Felipe  Peiranod, Felipe  Fuster f, Juan  Pablo  Arabb,
elipe  Martínezg,h,  Core-HIV  Study  Group2

Unidad de Hepatología, Hospital Gustavo Fricke, Chile
Departamento de Gastroenterología, Facultad de Medicina, Pontificia Universidad Católica de Chile, Chile
Servicio de Medicina Interna, Hospital Naval Almirante Nef, Chile
Escuela de Medicina, Universidad de Valparaíso, Chile
Escuela de Medicina, Universidad Andrés Bello, Chile
Escuela de Medicina, Universidad Del Desarrollo, Chile
Departamento de Salud Pública, Escuela de Medicina, Universidad de Valparaíso, Chile
Área de Investigación y Estudios Clínicos, Clínica Ciudad del Mar, Chile

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 3 December 2015
eceived in revised form 17 February 2016
ccepted 19 February 2016
vailable online 2 March 2016

eywords:
epatitis B virus
uman immunodeficiency virus
BV vaccination
D4/CD8 ratio

a  b  s  t  r  a  c  t

Background:  Hepatitis  B virus  (HBV)  and  human  immunodeficiency  virus  (HIV)  share  transmission  mech-
anisms  and  thus  coinfection  is frequent.  Active  immunization  against  HBV  is essential  in  HIV  patients.
Reports  using  standard  and  reinforced  HBV  vaccination  schedules  vary  widely  in  seroconversion  rates
depending  on the  characteristics  of  the included  patients.  Regional  data  concerning  HBV  vaccination  in
HIV  patients  are  scarce.  We  aim  to  determine  the  serological  response  to HBV  vaccination  using standard
schedule  in  HIV-positive  patients  and  to evaluate  characteristics  that  predict  seroconversion.
Materials  and methods:  We  performed  a  single  centre  prospective  study  of  HBV  vaccination  with  standard
schedule  in  HIV-positive  patients.  Adults  with  negative  markers  of  HBV  infection  were  included  between
November  2012  and  December  2014.  Anti-HBs  titres were  measured  4–8  weeks  after  completion  of
vaccination  schedule.  Clinical,  laboratory  values  and HIV  characteristics  were  analyzed  to  determine
their  association  with  seroconversion  and  adherence  to  the HBV  vaccination  schedule.
Results:  The  study included  245  HIV-positive  patients,  68.9%  were  male  and  the mean  age was  42.1  years.
A  total  of  80.7%  of the  patients  had  undetectable  HIV  viral  loads,  86.1%  had  CD4  counts  >200,  and  94.7%
were  on  HAART.  The  response  to vaccination  was positive  in  62%  (95%  CI, 56–68%)  and  mean  anti-HBs
titres  of  646  IU/ml.  85.5%  of  the  responders  had anti-HBs  titres  >100  IU/ml.  An  age  less  than  45  years,  no
tobacco  use  and  a CD4/CD8  ratio  >0.4  were  associated  with  seroconversion  in multivariate  analysis.  The

seroconversion  rates  were  86%  in the  subgroup  of  patients  who  met  these  criteria.  A total  of 97.9%  of  the
study  population  completed  the  vaccination  schedule.
Conclusion:  The  CD4/CD8  ratio  was  the  primary  factor  associated  with  positive  serological  conversion  in

 The  s
the multivariate  analysis.

particularly  suitable  for the  us
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eroconversion  rates  were  higher  in a selected  group  of patients  who  were
e  of  the  standard  HBV  vaccination  schedule.
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1. Introduction

Hepatitis B virus infection is one of the most prevalent infec-
tious diseases worldwide [1]. Hepatitis B virus (HBV) and human
immunodeficiency virus (HIV) share transmission mechanisms and

therefore co-infection is frequent [2]. The natural history of HBV in
HIV patients is characterized by a more aggressive course with a
higher incidence of chronic infection and a higher HBV viral load,
more HBV reactivation episodes, a higher incidence of cirrhosis
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nd hepatocellular carcinoma [3] and more liver-related mortal-
ty [4]; thus, HBV co-infection is currently considered a reason to
nitiate HAART among patients living with HIV [5]. Similarly, HBV
ffects the evolution of HIV disease, resulting in earlier initiation
nd more adverse events associated with HAART [6,7]. Therefore,
ctive immunization against HBV in HIV patients is essential and
ecommended in clinical practice guidelines [8–10]. The serological
esponse rates to HBV vaccination in HIV patients vary from 17 to
5% in different reports [11–25]. The wide reported seroconversion
ange could be attributable to differences in the methodological
esign, such as the administration schedule, vaccine type, admin-

stration route, characteristics of the population studied, and the
elatively small sample size in prospective studies. Additionally,
ata from Latin American regions are scarce. CD4/CD8 ratio, an old
iomarker for HIV, has been recently associated to morbidity and
ortality that is unrelated to AIDS [38,39].
Completion of the vaccination schedule is essential to achieve

eroconversion and is an important issue in HIV-positive individ-
als in whom completion of the indicated schedule is frequently
are (range from 49.6 to 75.5%) [11,26–28]; moreover, completion
f the schedule is especially low in drug users [29]. Consequently,
easurement of the response after vaccination completion is even

ower [26,27].
Therefore, we aim to determine the serological response to HBV

accination with a standard schedule in HIV patients and evaluate
he variables that predict positive seroconversion. We  also examine
dherence and the factors associated with completion and atten-
ance at vaccination visits.

. Materials and methods

.1. Study design

A prospective cohort study was conducted among patients
ith HIV to provide immunization against HBV in Gustavo Fricke
ospital in Viña del Mar, Chile, between November 2012 and
ecember 2014. This report was conducted in compliance with rec-
mmendations established in the Strengthening the Reporting of
bservational studies in Epidemiology (STROBE) guidelines [30].

The inclusion criteria were as follows: adult patients, negative
est for HBsAg prior to initiating the vaccination, and no previous
istory of HBV immunization. Attendance at 2 of the last 3 HIV
ontrol programmes was required. Informed consent was  provided,
nd the local ethics committee approved the study.

A blood sample was taken to determine the anti-HBc status
ELECSYS Anti-HBc 2010 Reagent Kit, Electrochemiluminescence
mmunoassay “ECLIA”, Cobas e602, Roche Diagnostics, IN, USA), and
ositive individuals were excluded from the study. Patients nega-
ive for markers of HBV infection were vaccinated with a standard
chedule for HBV using 20 �g of Engerix-B® (GlaxoSmithKline,
rentford, United Kingdom) administered intramuscularly at 0, 1
nd 6 months. Then, a new blood samples was collected 4–8 weeks
fter completion of the vaccination schedule to measure the Hepati-
is B surface antibody (anti-HBs) levels in the serum (ELECSYS Anti-
Bs Reagent Kit, Electrochemiluminescence immunoassay “ECLIA”,
obas e602, Roche Diagnostics, IN, USA). Positive seroconversion
as defined as anti-HBs titres >10 IU/ml according to current

ecommendations [31]. Demographic and clinical variables were
ssessed (age, gender, education level, men  who have sex with men,
rug use, alcohol consumption, tobacco use, weight, BMI, waist
ircumference, presence of hypertension, diabetes mellitus and
yslipidaemia). Laboratory values were collected (total cholesterol,

riglycerides, HDL, LDL, liver function tests, haematocrit, white cell
ount, platelet count, serum creatinine, fasting glucose and serum
SH), and HIV history and characteristics were evaluated, includ-
ng CDC staging, time since HIV diagnosis, HIV viral load, present
 (2016) 1889–1895

and nadir CD4 counts, CD8 count, CD4/CD8 ratio, use of HAART and
time receiving it, and HAART active against HBV. Additionally, a
history of abandonment of HIV programme appointments defined
as spontaneous sustained absences from an HIV programme longer
than 6 months was considered. Immediate adverse reactions were
monitored by health personnel at the time of vaccination, and a
survey of more delayed adverse reactions was administered after
completion of the vaccination schedule together with surveillance
at hospital admission to determine potential serious adverse effects
attributable to the intervention. Adherence to vaccination was eval-
uated at the end of the planned schedule, including measurement
of the vaccination response. Patients who met  the inclusion criteria
and were willing to initiate vaccination were repeatedly scheduled,
whereas the patients who failed to attend at least three scheduled
appointments were categorized as absentee.

2.2. Statistical analysis

Descriptive statistics (i.e., means, standard deviations, and pro-
portions) were calculated to assess the characteristics of the study
sample. Analyses to determine factors associated with the serolog-
ical response was  performed using a two-step strategy. Bivariate
analyses were conducted first using Fisher’s exact test for cat-
egorical variables and Mann–Whitney’s or Student’s T test for
quantitative data. Furthermore, 95% confidence intervals were cal-
culated whenever appropriate.

Variables that had potential associations with the outcome
(p < 0.15) were selected for inclusion in the multivariate logistic
regression model (age, gender, tobacco use, weight, waist circum-
ference, arterial hypertension, CDC HIV category, detectable HIV
viral load, actual CD4 count, nadir CD4 count, actual CD8 count,
CD4/CD8 ratio, time using HAART, triglyceride level, HDL level, total
bilirubin, serum albumin level and haematocrit percentage). Candi-
date models were constructed using maximum likelihood methods
and considered based on their potential for interactions between
independent predictors in their development. Model accuracy was
assessed using receiver operating characteristics (ROC) curves,
and the overall goodness of fit was established using Hosmer
and Lemeshow’s statistic. A two-tailed p-value less than 0.05 was
considered statistically significant. All patients who started the vac-
cination schedule were included in the analysis.

3. Results

At the beginning of study, 780 individuals from an HIV ambu-
latory clinic were eligible according to the selection criteria and
received an open invitation to enter the protocol. A total of 458
patients showed interest in enrolling, provided informed consent
and were scheduled for an initial visit; however, only 405 arrived
to initiate the vaccination schedule. A total of 160 patients tested
positive for anti-HBc and were excluded. A total of 245 patients ini-
tiated the vaccination schedule, but 5 were lost to follow up prior
to the determination of the serological response. Ultimately, 240
patients completed the study protocol (Fig. 1).

Out of the 245 patients who  initiated vaccination, the mean
age was  42.1 years and 68.1% were male gender. Drug use was
infrequent (11.4%), and only 3 patients were IV drugs users; in
contrast, alcohol consumption (33.2%) and tobacco use (37.5%)
were more prevalent. An important proportion of patients had
altered BMIs and waist circumferences (means 26.5 and 89.7 cm,
respectively); additionally, near half of the sampled individuals

(46.8%) had dyslipidaemia. Regarding the characteristics of HIV
infection, 80.7% of the patients had an undetectable HIV viral load,
86.1% had a CD4 count higher than 200 cells/mm3 and 94.7% used
HAART at the beginning of the vaccination scheme. There were no
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elevant alterations in laboratory values, including liver function
ests, haematological counts, and serum creatinine. The general
haracteristics of the study sample are provided in detail in Table 1.

In response to the HBV vaccination, 62% (152/245) of the individ-
als who started the vaccination schedule were positive responders
95% CI, 56–68) with a mean anti-HBs titre of 626 IU/ml (SD 391.5)
Table 1). In patients who responded to the vaccination, 85.5% had
nti-HBs titres higher that 100 IU/ml.

The bivariate analysis to evaluate variables associated with
eroconversion found that a younger age (40.7 vs. 44.4 years,

 = 0.009), feminine gender (36.2% vs. 22.6%, p = 0.025), no tobacco
se (31.1% vs. 47.8%, p = 0.010) and metabolic variables such as
ower weight (69.8 vs. 72.3 kg, p = 0.050) and waist circumfer-
nce (88.3 vs. 91.9 cm,  p = 0.031) were predictors of the serological
esponse to vaccination. We  found differences in serum albu-
in  levels (4.6 vs. 4.2 mg/dl, p = 0.005) and HDL levels (52.1 vs.

able 1
haracteristics of the study sample and bivariate analysis of serological response to HBV 

Serological response to vaccination Total sample
245

Variable Total sample 

Age (years) 42.1 (SD 11.8)
Gender (%)

Feminine 31.1 

Masculine 68.9 

Educational level (%)
Primary 29.3% 

Secondary 38.1% 

Superior 32.6%
Men-sex-men (%) 41.9 

Drugs use (%) 11.4% 

Alcohol consumption (%) 33.2% 

Tobacco use (%) 37.5% 

Weight (mean, kg) 70.7 (SD 11.5) 

BMI  26.5 

Waist  circumference (cm) 89.7 (SD 9.7) 

Arterial hypertension (%) 8.62 

Diabetes (%) 11.2 

Dyslipidaemia (%) 46.8 

CDC  HIV category
A 40.4% 

B  29.8% 

C  29.8% 

Time  since HIV diagnosis (months) 85.8 (SD 60.7) 

Detectable HIV viral load (%) 80.7 

Actual CD4 count 406.3 (SD 190.8) 

CD4  >200 (cell/mm3) 86.1% 

Nadir  CD4 count (cell/mm3) 159.9 (SD 135.6) 

Actual CD8 count (cell/mm3) 908.1 (SD 446.8) 

CD4/CD8 ratio 0.54 (SD 0.36) 

Present use of HAART (%) 94.7 

HAART active against HBV (%) 97.4 

Time  using HAART (months) 61.4 

History of abandonment to HIV programme controls (%) 16.7 

Reactive VDRL 7.7 

Total  cholesterol (mg/dl) 200.5 (SD 41.9) 

Triglycerides (mg/dl) 172.8 (SD 80.2) 

HDL  (mg/dl) 49.5 (SD 15.5) 

LDL  (mg/dl) 114.3 (SD 43.2) 

Bilirubin total (mg/dl) 0.86 (SD 0.47) 

SGOT  (mg/dl) 32.5 (SD 15.8) 

SGPT  (mg/dl) 41.9 (SD 35.7) 

Alkaline phosphatases (mg/dl) 114.4 (SD 65.7) 

GGTP  (mg/dl) 49.7 (SD 38.2) 

Prothrombin time (%) 93.3 (SD 14.1) 

Albumin (g/dl) 4.45 (SD 0.52) 

Haematocrit (%) 41.3 (SD 4.2) 

WBC  count (cells/�l) 5791 (SD 2040) 

Platelet count (×103/mm3) 243.9 (SD 60.2) 

Serum creatinine (mg/dl) 1.03 (SD 2.99) 

Fasting glucose (mg/dl) 91.5 (SD 18.3) 

TSH  (�U/ml) 3.2 (SD 2.45) 
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45.7 mg/dl, p = 0.013), which were higher in the group with pos-
itive seroconversion. No other differences were observed in the
haematological count, hepatic function, thyroid or renal function
test. Details of the bivariate analysis are provided in Table 1.

The multivariate analysis showed that the variables age and
weight were co-linear in the correlation test (r = 0.66, p < 0.01) as
were a CD4 count higher than 200 cell/mm3 with the CD4 count
(r = 0.63, p = 0.04) and CD4/CD8 ratio (r = 0.6, p < 0.01). We  per-
formed separate analyses using the CD4 count as a quantitative
variable with several thresholds. However, none of these analy-
ses were superior to the CD4/CD8 ratio. Therefore, the variable
CD4/CD8 ratio was  chosen for use in the model instead of the other

aforementioned variables. Separate analyses using different cut-
off ratios (0.4, 0.5 and 1) were conducted. A CD4/CD8 ratio cut-off
>0.4 provided a higher discrimination capacity for the multivari-
ate model. Based on this analysis, iterative multivariate models

vaccination schedule (n = 245).

Seroconversion (−)
93/245
38%

Seroconversion (+)
152/245
62% (95% CI, 56–68)

Seroconversion (−) Seroconversion (+) p value

44.4 (SD 11.7) 40.7 (SD 11.6) 0.009

22.6 36.2
77.4 63.8 0.025

29.3% 29.3%
36.6% 39.1%
34.2% 31.6% 0.907
42.2% 41.7% 0.942
11.9% 11.2% 0.870
35.6% 31.7% 0.544
47.8% 31.1% 0.010
72.3 (SD 11.9) 69.8 (SD 11.1) 0.051
27.1 (SD 4.3) 26.1 (SD 4.1) 0.185
91.9 (SD 8.7) 88.3 (SD 10.2) 0.031

2.17 12.9 0.086
8.24 12.8 0.293

45.6 47.6 0.757

32.9% 44.9%
29.6% 29.9%
37.5% 25.2% 0.097
81.1 (SD 59.8) 88.6 (SD 61) 0.177
25.8 15.4 0.049

338.2 (SD 165) 447.6 (SD 194) <0.001
76.1% 92.1% <0.001

136.1 (SD 113) 174.1 (SD 146) 0.019
955.9 (SD 453) 881.3 (SD 442) 0.108

0.42 (SD 0.26) 0.62 (SD 0.37) <0.001
94.6 94.7 0.954
98.8 96.5 0.414
56.1 (SD 50.5) 64.6 (SD 51.2) 0.125
17.9 16.1 0.719
10.7 5.8 0.181

201.1 (SD 43.6) 200.1 (SD 41.1) 0.432
181.3 (SD 78.3) 167.8 (SD 81.1) 0.113

45.7 (SD 14.8) 52.1 (SD 15.5) 0.013
114.9 (SD 40.4) 113.9 (SD 43.2) 0.453

0.78 (SD 0.66) 0.91 (SD 0.75) 0.094
32.9 (SD 14.7) 32.2 (16.4) 0.352
44.4 (SD 47.3) 40.6 (26.4) 0.213

114.1 (SD 43.6) 114.6 (SD 75.9) 0.478
54.3 (SD 41.8) 47.1 (SD 36.1) 0.195
95.4 (SD 9.1) 91.7 (SD 16.9) 0.184

4.2 (SD 0.56) 4.6 (SD 0.44) 0.005
41.7 (SD 4.0) 40.9 (SD 4.3) 0.099

5698 (SD 2264) 5845 (SD 1907) 0.327
239.6 (SD 63.6) 246.5 (SD 58.1) 0.199

0.78 (SD 0.15) 1.17 (SD 3.78) 0.169
90.8 (SD 17.8) 91.9 (18.6) 0.332

3.6 (SD 3.1) 3.1 (SD 2.2) 0.292
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Fig. 1. Flow chart. A total of 780 individuals from an HIV ambulatory clinic were
eligible according to the selection criteria and received an open invitation to enter
the  study. A total of 458 patients showed interest in entering the study, provided
informed consent and were scheduled for the initial visit. However, only 405 patients
arrived to initiate the study protocol. A total of 160 patients tested positive for anti-
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Fig. 2. Receiver operating characteristic curve (ROC curve) of the multivariate model
for seroconversion. This model was constructed with data from 228 patients and

schedule despite fulfilling the inclusion criteria, providing informed
consent and scheduling the visit to enrol in the study. These patients
were newly scheduled at least three times without attendance. In
this group of absentees, clinical and demographical characteristics
Bc and were excluded. A total of 245 patients initiated the vaccination schedule,
ut 5 were lost to follow up prior to the determination of the serological response.
ltimately, 240 patients completed the study protocol.

ere constructed; the final results are shown in Table 2. This model
as constructed with data from 228 patients and had a determi-
acy coefficient of 10%. The model’s area under the ROC curve was
.70 (95% CI, 0.63–0.77), and the Hosmer and Lemeshow statistic
howed appropriate goodness of fit with a p-value = 0.99 (Fig. 2).

Based on the bivariate and multivariate analysis results, a sub-
roup analysis was performed to evaluate the serological response
o HBV vaccination. In the subgroup of HIV patients with CD4
ounts less than 200 cells/mm3 (n = 34) the serological response

as 35% (95% CI, 19.7–53.5). Seroconversion was achieved in 68%

f the patients who did not use tobacco (n = 100, 95% CI, 64–72).
hen analysing the group of patients who fulfilled favourable fac-

ors for seroconversion (younger than 45 years, non-smokers and

able 2
ultivariate model: serologic response to HBV vaccination.

Variable  ̌ Coefficient (95% CI) aOR (95% CI) p value

Age >45 years −1.0 (−1.61, −0.40) 0.36 (0.20, 0.67) 0.001
Detectable HIV viral load −0.49 (−1.23, 0.25) 0.62 (0.29, 1.29) 0.198
CD4:CD8 ratio >0.4 1.02 (0.43, 1.60) 2.76 (1.54, 4.95) <0.001
Tobacco use −0.83 (−1.4, −0.22) 0.44 (0.24, 0.80) 0.007
Constant (˛) 0.80 (0.23, 1.37) 1.11 (0.52, 2.37) 0.006
had  a determinacy coefficient (pseudo R2) of 10%. However, its area under the ROC
curve was 0.70 (95% CI, 0.63–0.77). The Hosmer and Lemeshow statistic showed an
appropriate goodness of fit with a p-value = 0.99.

possessing a CD4/CD8 ratio higher than 0.4; n = 44), the serological
response to HBV vaccination was  86% (95% CI, 81–90) (Fig. 3).

Data concerning adverse reactions were available for 203
patients, and an absence of adverse reactions was  reported in 76.8%
of these patients (156/203). Local adverse reactions at the vacci-
nation site were infrequent (10.3%). The main systemic reactions
included flu-like symptoms (4.9%), headache (6.4%), asthenia (6.4%)
and myalgia (5.4%). No serious adverse events were attributable to
HBV vaccine during the study period.

We  also addressed adherence and completion of the vaccination
schedule, which reached 97.9% once the first dose of the vaccine
was administered. Very few patients were lost to follow upon com-
pletion of the study. Nonetheless, there was  a group of patients
(n = 53) who  did not attend the first visit to start the vaccination
Fig. 3. Serological response to HBV vaccination subgroup analysis. In the subgroup
of  HIV patients with CD4 counts less than 200 cell/mm3 (n = 34), the serologic
response was 35% (95% CI, 20–54). In the subgroup with the absence of tobacco
use  (n = 100), seroconversion was achieved in 68% (95% CI, 62–74). Patients who
were younger than 45 years, were non-smokers and had a CD4:CD8 ratio higher
than 0.4 (n = 44) achieved a serological response to HBV vaccination of 86% (95% CI,
81–90).
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Table  3
Multivariate analysis for attendance and completion of vaccination schedule.

Variable aOR (95% CI) p value

Drugs use 0.40 (0.17–0.94) 0.037

w
m
l
d
t
s
l

4

o
A
c
d
[
[
(

o
p
n

c
t
s
e
r
f
t
e
s
H
s

t
d
a
t
f
7
n
[

p
p
g
u
h
t
[
t
(
a
r
m
n

which constituted 18% (44/245) of the study sample. This finding
History of HIV programme abandon 0.41 (0.20–0.84) 0.016
Superior education 0.64 (0.42–0.99) 0.045

ere identified and associated with the lack of attendance. The
ultivariate analysis model was constructed through multiple

ogistic regressions with the maximum-likelihood principle; the
etails are provided in Table 3. Drug use (aOR 0.40, p = 0.037), his-
ory of abandonment of HIV programmes (aOR 0.41, p = 0.020) and
uperior education level (aOR 0.64, p = 0.045) were predictors of the
ack of attendance to the vaccination schedule.

. Discussion

To the best of our knowledge, this study is the first evaluation
f the serological responses to HBV vaccination in a south Latin
merican HIV carrier population. The closest previous studies were
onducted in Mexico and Brazil. The administration of standard
oses of the Engerix-B® (GlaxoSmithKline) vaccine by Fonseca et al.
13] in Brazil obtained a response of 34%, and Cornejo-Juarez et al.
15] reported a 62% response in Mexico using Recombivax HB®

Merck).
In our study, a serological response of 62% (95% CI, 56–68) was

btained with the standard schedule using Engerix-B® in HIV-
ositive individuals controlled in an outpatient HIV clinic. Notably,
o significant adverse reactions were observed.

Concerning the heterogeneity of studies investigating HBV vac-
ination in adult subjects with HIV, we found that most reports on
he use of the Engerix-B® vaccine with a standard schedule in HIV
ubjects were retrospective. For instance, Overton et al. [12], Kim
t al. [18], Bailey et al. [26] and Petit et al. [21] in the USA described
esponses of 17.5%, 44%, 47.5% and 46.5%, respectively. Evidence
rom prospective studies is limited and includes the aforemen-
ioned report by Fonseca et al. [13] and the study by Paitoonpong
t al. [17] in Thailand, which reports a 71.4% response. Prospective
tudies on the use of the standard schedule with other recombinant
BV vaccines (GenHevac B®, Recombivax HB, and HBvaxPro®) have

hown serological responses between 50 and 65% [15,23,24].
The average response titres from individuals who responded to

he vaccine in our study were 646 IU/ml. The majority of the respon-
ers (85.5%) had anti-HBs levels greater than 100 IU/ml, which was
ssociated with long-term protection [32]. Anti-HBs levels greater
han 100 IU/ml after vaccination has been described as a pivotal
actor associated with sustained long-term seroprotection because
0% of subjects with levels below 100 IU/ml after vaccination have
on-protective anti-HBs titres (<10 IU/ml) at two  years of follow-up
33].

The findings of the bivariate analysis of the association with a
ositive serological response were similar to those described in
revious reports, where a younger age (p = 0.009) [21,24], female
ender (p = 0.025) [20,23], non-smoker condition (p = 0.01) [24,34],
ndetectable HIV viral load (p = 0.049) [11,12,18,22,23,25], higher
istorical nadir CD4 count (p = 0.019) [11,18] and CD4 count greater
han 200 cells/mm3 when starting the vaccination series (p < 0.001)
11,15–17,19,21–24] were determinants of a positive response
o vaccination. We  also observed a lower waist circumference
p = 0.031) in the group that achieved seroconversion, which was

 condition that was not reported in previous studies and might

eveal a need to adjust vaccine doses in relation to anthropometric
easurements; this subject should be explored in a targeted man-

er. Higher HDL (p = 0.013) and serum albumin values (p = 0.005)
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were also associated with a favourable response, which could imply
the involvement of metabolic factors in seroconversion.

The CD4 count when starting vaccination has been largely
described in studies evaluating the response to HBV vaccination
in HIV patients [11,15–17,19,21–24]. However, to the best of our
knowledge the significance of the CD4/CD8 ratio as a predictor
of the response has not been described. A low CD4/CD8 ratio is
considered a marker of immune senescence and an independent
predictor of mortality in elderly non-HIV patients [35]. Individuals
carrying HIV are hypothesized to be in a state of accelerated ageing
secondary to persistent inflammation despite adequate viral sup-
pression [36]. Hence, a low CD4/CD8 ratio in HIV-positive patients
with good immunovirological responses has been independently
associated with the clinical phenomena of ageing [37] and with
an increased risk of morbidity and mortality that is unrelated to
AIDS in this group [38]. Recently, CD4/CD8 ratio normalization after
HAART initiation was  associated with a lower risk of non-AIDS
related events [39].

In our study, the CD4/CD8 ratio was  of paramount importance
as a predictor of the response in the bivariate analysis (p < 0.001),
was the main predictor of the response in the multivariate analysis
(p < 0.001) and was more relevant than the CD4 count at the time of
vaccination. This finding is particularly important because most of
the individuals included in this study were HIV patients with good
control of their HIV infection; indeed, 80.7% had an undetectable
viral load, 94.7% were receiving antiretroviral therapy (HAART) and
86.1% had CD4 counts greater than 200 cells/mm3. These character-
istics of the sample were similar to previous reports, where great
variability existed in the immunovirological characteristics of the
included patients, with average CD4 counts ranging from 225 to
516 cells/mm3, HAART use reported in the range of 0–91% of the
population, and a variable proportion of patients with a detectable
HIV viral load [40].

In this scenario, a largely under-represented group consists of
HIV-infected patients with CD4 counts less than 200 cells/mm3.
Indeed, most studies are conducted with relatively small sam-
ple sizes and included a meagre number of individuals with low
CD4 counts despite this variable representing a major factor in the
response to vaccination. Our study had a sample size of 245 patients
and included 34 subjects with CD4 counts less than 200 cells/mm3

in whom the serological response was  only 35% (95% CI, 20–54).
Based on the lower seroconversion response to HBV vacci-

nation in HIV-positive individuals, various strategies have been
explored to increase the serological response, including the use of
vaccine adjuvants [34,41], different routes of administration [24],
development of new vaccine formulations [42], and increasing the
doses of the vaccine administered [22,24,25]. In this way, current
guidelines have been changing to recommend the use of intensi-
fied vaccination schedules in the HIV carrier population [8,9,43]
because this strategy has shown a higher percentage of serocon-
version (close to 80–91%). However, a recent report by Chaikland
et al. [44] in Thailand demonstrated that the use of schedules with
more doses of the vaccine did not significantly increase the sero-
conversion rate in individuals with more than 200 CD4 cells/mm3;
instead, this approach induced higher levels of anti-HBs titres after
vaccination.

In our study, we found that individuals carrying HIV who  were
under 45 years of age, who  were non-smokers and who had a
CD4/CD8 ratio greater than 0.4 had a positive serological response
of 86% (95% CI, 81–90). In this manner, we believe that the use of
the standard vaccination schedule (HBV vaccine single dose IM at 0,
1 and 6 months) could still play a role in this subgroup of patients,
could help reduce the economic impact of using schedules with
more doses in the HIV carrier population at risk for HBV  infection
and could augment adherence to vaccination and completion rates.
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Only a small percentage of patients was lost to follow up (2.1%)
nce the vaccine series was initiated, demonstrating excellent
dherence to and completion of the vaccination schedule that was
uperior to previous data [26–28]. This result could be due to
he impact of the inclusion criteria in selecting patients for the
tudy prior to vaccination, which required the individuals to have

 history of at least 2/3 assistance visits to an HIV programme.
n interesting group to analyze are patients who did not attend

he start of the vaccination programme despite being scheduled
t least three times. It was not surprising to discover that drug
buse (p = 0.037) and a history of poor adherence to HIV con-
rol programmes (p = 0.016) were determinants of non-attendance
o vaccination. However, the association with a higher education
evel (p = 0.045) seemed to be novel. Therefore, these characteris-
ics appear to be of importance if we want to improve the level of
ompliance for the proposed schedule, which is essential to achieve
eroconversion [9].

In conclusion, this study of HBV vaccination with the standard
chedule in HIV patients conducted in a public hospital in Chile
eports that the serological response is 62% (95% CI, 56–68). This
esponse is coincident with some of the highest response rates
escribed in the literature and confirms the association between
eroconversion and the immunovirological status of the patient at
he beginning of the vaccination programme as the main deter-

inants of the response. We  observed the importance of the
D4 count based on the very low serological response in subjects
ho had less than 200 CD4 cells/mm3. Moreover, we describe the
D4/CD8 ratio as a more accurate indicator of the response. We
elieve that patients with a previous history of drug abuse or HIV
reatment dropouts should receive special reinforcement of adher-
nce once the vaccination process is initiated. Similarly, individuals
ith a higher education level should be subjects of intensified infor-
ation regarding the benefits of vaccination against HBV towards

chieving their vaccination programme assistance.
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atitis B virus, and risk of liver-related mortality in the Multicenter Cohort Study
(MACS). Lancet 2002;360:1921–6.

[5] Soriano V, Poveda E, Vispo E, Barreiro P. Hepatitis B in HIV-infected patients.
Clin Liver Dis 2013;17:489–501.

[6] Sulkowski MS,  Thomas DL, Mehta SH, Chaisson RE, Moore RD. Hepatotoxicity
associated with nevirapine or efavirenz-containing antiretroviral therapy: role
of  hepatitis C and B infections. Hepatology 2002;35:182–9.

[7] Chun HM,  Roediger MP, Hullsiek KH, Thio CL, Agan BK, Bradley WP,  et al. Hepati-
tis B virus coinfection negatively impacts HIV outcomes in HIV seroconverters.
J  Infect Dis 2012;205:185–93.

[8] CDC. Advisory Committee on Immunization Practices (ACIP) recommended
immunization schedules for persons aged 0 through 18 years and adults aged
19  years and older – United States, 2013. MMWR  Suppl 2013.

[9] Wilkins E, Nelson M,  Agarwal K, Awoyemi D, Barnes E, Bhagani S, et al. British
HIV association guidelines for the management of hepatitis viruses in adults
infected with HIV 2013. HIV Med  2013;14(Suppl. 4):1–71.

10] Lundgren JD, Gatell JM,  Furrer H, Rockstroh Jr. EACS Guidelines version 7.1;
November, 2014.

11] Tedaldi E, Baker R, Moorman A, Wood K, Fuhrer J, McCabe R, et al. Hepatitis
A  and B vaccination practices for ambulatory patients infected with HIV. Clin
Infect Dis 2004;38:1478–84.

12] Overton E, Sungkanuparph S, Powderly W,  Seyfried W,  Groger R, Aberg J. Unde-
tectable plasma HIV RNA load predicts success after hepatitis B vaccination in
HIV-infected persons. Clin Infect Dis 2005;41:1045–8.

13] Fonseca MO, Pang LW,  de Paula Cavalheiro N, Barone AA, Heloisa Lopes M.  Ran-
domized trial of recombinant hepatitis B vaccine in HIV-infected adult patients
comparing a standard dose to a double dose. Vaccine 2005;23:2902–8.

14] Veiga AP, Casseb J, Duarte AJ. Humoral response to hepatitis B vaccination and
its  relationship with T CD45RA+ (naive) and CD45RO+ (memory) subsets in
HIV-1-infected subjects. Vaccine 2006;24:7124–8.

15] Cornejo-Juarez P, Volkow-Fernandez P, Escobedo-Lopez K, Vilar-Compte D,
Ruiz-Palacios G, Soto-Ramirez LE. Randomized controlled trial of hepatitis B
virus vaccine in HIV-1-infected patients comparing two different doses. AIDS
Res Ther 2006;3:9.

16] Pasricha N, Datta U, Chawla Y, Singh S, Arora SK, Sud A, et al. Immune responses
in  patients with HIV infection after vaccination with recombinant Hepatitis B
virus vaccine. BMC  Infect Dis 2006;6:65.

17] Paitoonpong L, Suankratay C. Immunological response to hepatitis B vac-
cination in patients with AIDS and virological response to highly active
antiretroviral therapy. Scand J Infect Dis 2008;40:54–8.

18] Kim HN, Harrington RD, Van Rompaey SE, Kitahata MM.  Independent clini-
cal  predictors of impaired response to hepatitis B vaccination in HIV-infected
persons. Int J STD AIDS 2008;19:600–4.

19] Cruciani M,  Mengoli C, Serpelloni G, Lanza A, Gomma M,  Nardi S, et al. Sero-
logic response to hepatitis B vaccine with high dose and increasing number of
injections in HIV infected adult patients. Vaccine 2009;27:17–22.

20] Landrum ML, Huppler Hullsiek K, Ganesan A, Weintrob AC, Crum-Cianflone NF,
Barthel RV, et al. Hepatitis B vaccine responses in a large U.S. military cohort
of  HIV-infected individuals: another benefit of HAART in those with preserved
CD4 count. Vaccine 2009;27:4731–8.

21] Pettit N. Factors associated with seroconversion after standard dose hepatitis
B  vaccination and high-dose revaccination among HIV-infected patients. HIV
Clin  Trials 2010;11:332–9.

22] Potsch DV, Oliveira ML,  Ginuino C, Miguel JC, Oliveira SA, Silva EF, et al. High
rates of serological response to a modified hepatitis B vaccination schedule in

HIV-infected adults subjects. Vaccine 2010;28:1447–50.

23] de Vries-Sluijs TE, Hansen BE, van Doornum GJ, Kauffmann RH, Leyten
EM,  Mudrikova T, et al. A randomized controlled study of accelerated
versus standard hepatitis B vaccination in HIV-positive patients. J Infect Dis
2011;203:984–91.

http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0225
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0225
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0225
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0225
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0225
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0225
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0225
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0225
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0225
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0225
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0225
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0225
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0225
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0225
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0225
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0225
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0225
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0225
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0225
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0225
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0225
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0230
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0230
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0230
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0230
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0230
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0230
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0230
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0230
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0230
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0230
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0230
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0230
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0230
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0230
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0235
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0240
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0245
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0245
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0245
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0245
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0245
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0245
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0245
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0245
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0245
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0245
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0245
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0245
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0245
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0245
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0245
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0245
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0245
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0245
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0245
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0250
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0250
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0250
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0250
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0250
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0250
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0250
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0250
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0250
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0250
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0250
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0250
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0250
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0250
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0250
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0250
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0250
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0250
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0250
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0250
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0250
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0250
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0250
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0250
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0250
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0250
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0250
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0250
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0250
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0255
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0260
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0265
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0270
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0270
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0270
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0270
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0270
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0270
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0270
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0270
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0270
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0270
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0270
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0270
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0270
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0270
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0275
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0280
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0285
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0290
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0295
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0300
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0305
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0310
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0315
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0320
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0325
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0325
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0325
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0325
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0325
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0325
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0325
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0325
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0325
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0325
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0325
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0325
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0325
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0325
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0325
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0325
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0325
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0325
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0325
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0325
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0325
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0325
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0325
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0325
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0330
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0335


ine 34

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

F. Fuster et al. / Vacc

24] Launay O. Safety and immunogenicity of 4 intramuscular double doses and 4
intradermal low doses vs. standard hepatitis B vaccine regimen in adults with
HIV-1: a randomized controlled trial. JAMA 2011;305:1432–40.

25] Potsch DV, Camacho LA, Tuboi S, Villar LM,  Miguel JC, Ginuino C, et al. Vacci-
nation against hepatitis B with 4-double doses increases response rates and
antibodies titers in HIV-infected adults. Vaccine 2012;30:5973–7.

26] Bailey CL, Smith V, Sands M.  Hepatitis B vaccine: a seven-year study of adher-
ence to the immunization guidelines and efficacy in HIV-1-positive adults. Int
J  Infect Dis 2008;12:e77–83.

27] Rock C, de Barra E, Sadlier C, Kelly S, Dowling C, McNally C, et al. Impact of a new
vaccine clinic on hepatitis B vaccine completion and immunological response
rates in an HIV-positive cohort. J Infect Public Health 2013;6:173–8.

28] Bowman S, Grau LE, Singer M,  Scott G, Heimer R. Factors associated with hep-
atitis B vaccine series completion in a randomized trial for injection drug users
reached through syringe exchange programs in three US cities. BMC  Public
Health 2014;14:820.

29] Quaglio G, Talamini G, Lugoboni F, Lechi A, Venturini L, Jarlais DC, et al. Com-
pliance with hepatitis B vaccination in 1175 heroin users and risk factors
associated with lack of vaccine response. Addiction 2002;97:985–92.

30] Editors PM.  Observational studies: getting clear about transparency. PLoS Med
2014;11:e1001711.

31] CDC. A comprehensive immunization strategy to eliminate transmission of
hepatitis B virus infection in the United States. MMWR  2006;55:26–8.

32] Gerlich WH.  Prophylactic vaccination against hepatitis B: achievements, chal-
lenges and perspectives. Med  Microbiol Immunol 2015;204:39–55.

33] Lopes VB, Hassing RJ, de Vries-Sluijs TE, El Barzouhi A, Hansen BE, Schutten
M,  et al. Long-term response rates of successful hepatitis B vaccination in HIV-
infected patients. Vaccine 2013;31:1040–4.
34] Leroux-Roels G. Old and new adjuvants for hepatitis B vaccines. Med  Microbiol
Immunol 2015;204:69–78.

35] Hadrup SR, Strindhall J, Kollgaard T, Seremet T, Johansson B, Pawelec
G,  et al. Longitudinal studies of clonally expanded CD8T cells reveal a
repertoire shrinkage predicting mortality and an increased number of

[

 (2016) 1889–1895 1895

dysfunctional cytomegalovirus-specific T cells in the very elderly. J Immunol
2006;176:2645–53.

36] Deeks SG. HIV infection, inflammation, immunosenescence, and aging. Annu
Rev Med 2011;62:141–55.

37] Serrano-Villar S, Moreno S, Fuentes-Ferrer M,  Sanchez-Marcos C, Avila M,  Sainz
T,  et al. The CD4:CD8 ratio is associated with markers of age-associated disease
in  virally suppressed HIV-infected patients with immunological recovery. HIV
Med  2014;15:40–9.

38] Serrano-Villar S, Perez-Elias MJ, Dronda F, Casado JL, Moreno A, Royuela A,
et  al. Increased risk of serious non-AIDS-related events in HIV-infected sub-
jects on antiretroviral therapy associated with a low CD4/CD8 ratio. PLOS ONE
2014;9:e85798.

39] Mussini C, Lorenzini P, Cozzi-Lepri A, Lapadula G,  Marchetti G, Nicastri E, et al.
CD4/CD8 ratio normalisation and non-AIDS-related events in individuals with
HIV  who  achieve viral load suppression with antiretroviral therapy: an obser-
vational cohort study. Lancet HIV 2015;2:e98–106.

40] Whitaker JA, Rouphael NG, Edupuganti S, Lai L, Mulligan MJ. Strategies to
increase responsiveness to hepatitis B vaccination in adults with HIV-1. Lancet
Infect Dis 2012;12:966–76.

41] Overton ET, Kang M,  Peters MG,  Umbleja T, Alston-Smith BL, Bastow B,
et  al. Immune response to hepatitis B vaccine in HIV-infected subjects using
granulocyte-macrophage colony-stimulating factor (GM-CSF) as a vaccine
adjuvant: ACTG study 5220. Vaccine 2010;28:5597–604.

42] Shouval D, Roggendorf H, Roggendorf M.  Enhanced immune response to hep-
atitis B vaccination through immunization with a Pre-S1/Pre-S2/S vaccine. Med
Microbiol Immunol 2015;204:57–68.

43] Rubin LG, Levin MJ, Ljungman P, Davies EG, Avery R, Tomblyn M,  et al. 2013
IDSA clinical practice guideline for vaccination of the immunocompromised

host. Clin Infect Dis 2014;58:e44–100.

44] Chaiklang K, Wipasa J, Chaiwarith R, Praparattanapan J, Supparatpinyo K. Com-
parison of immunogenicity and safety of four doses and four double doses vs.
standard doses of hepatitis B vaccination in HIV-infected adults: a randomized,
controlled trial. PLoS ONE 2013;8:e80409.

http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0340
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0345
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0350
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0355
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0360
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0365
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0370
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0370
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0370
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0370
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0370
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0370
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0370
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0370
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0370
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0370
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0370
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0375
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0375
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0375
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0375
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0375
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0375
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0375
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0375
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0375
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0375
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0375
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0375
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0375
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0375
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0375
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0375
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0375
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0375
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0375
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0375
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0375
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0380
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0380
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0380
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0380
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0380
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0380
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0380
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0380
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0380
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0380
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0380
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0380
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0380
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0380
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0380
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0380
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0380
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0380
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0385
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0390
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0390
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0390
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0390
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0390
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0390
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0390
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0390
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0390
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0390
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0390
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0390
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0390
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0390
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0390
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0390
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0395
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0400
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0400
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0400
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0400
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0400
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0400
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0400
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0400
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0400
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0400
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0400
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0400
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0400
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0400
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0405
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0410
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0415
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0420
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0420
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0420
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0420
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0420
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0420
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0420
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0420
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0420
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0420
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0420
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0420
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0420
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0420
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0420
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0420
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0420
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0420
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0420
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0420
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0420
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0420
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0420
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0420
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0420
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0420
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0420
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0420
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0425
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0430
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0430
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0430
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0430
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0430
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0430
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0430
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0430
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0430
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0430
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0430
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0430
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0430
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0430
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0430
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0430
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0430
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0430
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0430
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0430
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0430
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0430
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0430
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0430
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0430
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0430
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0435
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440
http://refhub.elsevier.com/S0264-410X(16)00236-X/sbref0440

	CD4/CD8 ratio as a predictor of the response to HBV vaccination in HIV-positive patients: A prospective cohort study
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Statistical analysis

	3 Results
	4 Discussion
	Acknowledgements
	References

	Appendix A Supplementary data

