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Introduction: Hemorrhagic cystitis (HC) is a common complication of haploidentical hemato-

poietic stem cell transplantation (haplo-HSCT), characterized by irritative symptoms of the

urinary tract and a higher morbidity and mortality rate. The worldwide incidence is repor-

ted  between 10% and 70%. The use of alkylating agents and BK viral infection are the most

frequent etiologies. The aim of this study was to report the HC incidence in an outpatient

haplo-HCST program with a reduced intensity-conditioning (RIC) regimen, cataloguing risk

factors, complications and final outcomes.

Methods: The medical database of patients who received a haplo-HSCT between January

2012  and November 2017 was retrospectively analyzed. Demographic variables, general

characteristics and HC incidence were included.

Results: One hundred and eleven patients were included, 30 (27%) of whom developed HC,

most  of them (70%) being grade II, with a 30-day (7–149) median time of post-transplant

HC  onset. The BK virus was detected in 71% of the urine samples analyzed. All HC patients

responded to treatment, except two (6.6%), who died due to HC complications.

Conclusions: There was no difference in the HC incidence or severity, compared to that repor-

ted  when performing haplo-HSCT in hospitalized patients, although the donor-recipient sex

mismatch did relate to a higher HC incidence.
© 2020 Published by Elsevier Editora Ltda. on behalf of Associação Brasileira de
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Introduction

Increasingly, haploidentical hematopoietic stem cell trans-
plantation (haplo-HSCT) has been used to treat malignant
hematologic diseases. This has been primarily due to recent
improvements in conditioning regimens and clinical outco-
mes, thus overcoming the lack of compatible human leukocyte
antigen (HLA) donors.1,2 Nevertheless, haplo-HSCT is not free
of complications; hemorrhagic cystitis (HC) is one of the
most relevant, with a reported incidence of 10%–70%.3–6 This
complication is a common cause of hospitalization, raising
post-transplant morbidity and also mortality in these pati-
ents.

HC is an inflammatory process of the bladder, with clini-
cal manifestations that vary from mild to severe. Clinically,
the condition is characterized by hematuria, dysuria, irrita-
tive symptoms of the urinary tract and even renal failure due
to hydronephrosis. HC is classified into four grades (I–IV) accor-
ding to severity.7,8

In patients having received a haplo-HSCT, different
risk factors and etiological agents are associated with
HC, including alkylating agents, such as cyclophospha-
mide or busulfan, radiotherapy and infectious agents, such
as the Polyomavirus BK.9–13 Cyclophosphamide is asso-
ciated with early onset HC, usually 24–72 h post-drug
administration.14,15

The BK is a DNA virus of the polyomaviridae family, which
remains latent in urothelial cells. Primary infections occur
during childhood, at a median age of 4–5 years. The world-
wide BK seroprevalence in asymptomatic adults is 46%–94%.16

Nevertheless, in immunosuppressed patients, higher virus
replication rates are recorded leading to cystitis, which is
frequently of late onset, unlike the early-onset caused by
alkylating agents.7 Additionally, other infection risk factors
have been reported, including myeloablative conditioning
regimens, second stem cell transplants and graft vs. host
disease (GVHD).3,17

The post-haplo-HSCT HC treatment has not yet been stan-
dardized. However, common therapeutic strategies include
general measures, such as oral or intravenous hydration, pain
relief, cidofovir and quinolones, such as ciprofloxacin. This lat-
ter agent has been known to halt BK virus replication. Some
patients, without complete response to antimicrobial therapy,
benefit from steroids.18–23 In patients with severe or refractory
HC, other therapeutic options include the endoscopic appli-
cation of fibrin glue to damaged bladder mucosa, hyperbaric
oxygen therapy, electrocoagulation of bladder mucosa, selec-
tive arterial embolization and cystectomy. However, the latter
approach is associated with high complication rates and mor-
tality and therefore, should remain as a last resource.24–29 In
the literature, information on HC after haplo-HSCT is scarce,
in terms of treatment options and clinical outcomes, and this
is especially true for the outpatient, reduced-intensity condi-
tioning setting.

We  described HC incidences in a group of pati-
ents who  received a haplo-HSCT on an outpatient

basis. We  assessed HC risk factors, such as donor and
recipient gender, CD34+ doses, GVHD, treatment and
outcomes.
. 2 0 2 2;4 4(2):163–168

Materials  and  methods

Patient  information

A retrospective analysis was made of the medical database of
patients who had received a haplo-HSCT in the Hematology
Department of the Dr. José E. González University Hospital and
School of Medicine of the Universidad Autónoma de Nuevo
León in Monterrey, Mexico between January 2012 and Novem-
ber 2017. Due to the retrospective nature of the study, it was
not necessary to request informed consent from the patients,
but patient confidentiality was strictly maintained. All pati-
ents and stem cell donors signed an informed consent before
beginning the transplant process, according to the institu-
tional and FACT guidelines. Patients were divided into two
groups, according to the presence or absence of HC. Demo-
graphic variables and general characteristics of both groups
were obtained and analyzed. HC severity was classified accor-
ding to the following criteria: grade I, microscopic hematuria;
grade II, macroscopic hematuria; grade III, hematuria with
clots, and; grade IV, hematuria with blood clots, urinary tract
obstruction, clot removal or renal failure due to obstructive
nephropathy.3,4 Additionally, the HC onset was classified as
early or late if the condition started before or after 72 h into
the post-conditioning regimen.30 The quantitative polyme-
rase chain reaction (qPCR) method was used to detect the BK
virus in urine or blood samples.

Outpatient  transplant  procedure

Hematopoietic  stem  cell  mobilization  and  collection
Peripheral blood was the source of hematopoietic stem cells,
with apheresis performed on an outpatient basis in all cases.
The mobilization of hematopoietic stem cells in all HLA-
haploidentical donors was performed using subcutaneous
filgrastim at 10 �g/kg/day for four consecutive days. Stem cell
collection was performed by one apheresis procedure on the
fifth day of mobilization, with a continuous flow system, by
means of an Amicus® separator system (Fresenius-Kabi, Ger-
many). The objective of apheresis was to process five donor
blood volumes to generate ≥2 × 106/kg CD34+ hematopoietic
stem cells. Hematopoietic stem cells obtained were measured
by flow cytometry in a Beckton Dickinson Accuri C6 flow cyto-
meter (BD Biosciences, USA), using a BD stem cell enumeration
kit, according to the International Society of Hemotherapy and
Graft Engineering (ISHAGE) guidelines. In all cases, the cells
were collected and transplanted the same day (day 0̈)̈, without
cryopreservation.

Conditioning  regimen  and  GVHD  prophylaxis
A conditioning regimen was chosen according to patient
disease status. Patients with malignant hematologic disease
received a conditioning regimen based on cyclophosphamide
(350 mg/m2/day) and fludarabine (25 mg/m2/day) on days −5 to
−3 and melphalan (100 mg/m2/day) on days −2 and −1. Pati-

ents with non-malignant disease received cyclophosphamide
(350 mg/m2/day) and fludarabine (40 mg/m2/day) on days −5
to −3, with a low dose of melphalan (70 mg/m2/day) on days
−2 and −1. The prophylactic scheme for GVHD consisted of
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Table 1 – General characteristics of patients receiving a haploidentical-related hematopoietic stem cell transplant and
comparative analysis between patients with and without hemorrhagic cystitis (HC).

No HC n = 81 HC n = 30 p

Age in years, median (range) 18 (1−63) 17.5 (3−61) 0.867

Gender
Male 53 (65.45%) 19 (63.3%) 0.837
Female 28 (34.6%) 11 (36.6%)

Pediatric patients, n= 39 (48%) 15 (50%) 0.862

Diagnosis, n=
Acute leukemia 59 (72.8%) 20 (66.7%)
Lymphoma 10 (12.3%) 6 (20%) 0.600
Aplastic anemia 9 (11.1%) 2 (6.7%)
Other 3 (3.7%) 2 (6.7%)

Disease status at the time of transplant, n (%)
Complete remission 41 (50.6%) 13 (43.3%) 0.573
Active disease 40 (49.4%) 17 (56.6%)

CD34+ cell/kg infused, median (range) 9. 4 × 106 (1−20 × 106) 7.75 × 106 (3−20 × 106) 0.512
Myeloid recovery, median time in days (range) 17 (8−35) 16 (11−25)  0.463
Platelet recovery, median time in days (range) 16 (11−40)  18 (11−30)  0.637
Acute Grades II-IV GVHD, n= 27 (33%) 13 (43.3%) 0.401
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Chronic GVHD, n= 19 (23%
Mortality, n= 40 (49%

yclophosphamide at 50 mg/kg/day on days +3 and +4 post-
ransplantation, in addition to oral cyclosporine (6 mg/kg/day)
nd mycophenolate (1 g daily).

The prevention of uroepithelial damage by cyclophospha-
ide was mediated by Mesna (80% of the cyclophosphamide

ose) and hydration (1.5 L/m2), from commencement to six
ours after the end of the cyclophosphamide infusion. Hydra-
ion (50%) was administered intravenously and the other
0% orally at home, as all patients were followed on an
utpatient basis. For infection prophylaxis, oral levofloxa-
in at 500 mg/day, acyclovir at 400 mg/day and itraconazole
t 100 mg/day were administered to all patients from day
ero, until >500 granulocytes/�l  of peripheral blood were
resent. Then levofloxacin was changed to trimethoprim-
ulfamethoxazole to prevent the Pneumocystis carinii infection.
ll patients remained in the outpatient treatment area during

he medication infusion and were subsequently released to
heir homes, with daily follow-up until full hematological
ecovery was achieved. In sequence, they underwent a weekly
ollow-up.

tatistical  analysis

atient characteristics were summarized using tendency mea-
ures. The Kolmogorov–Smirnov test was used to determine
ata distribution. The Mann–Whitney U test was perfor-
ed  to correlate numeric nonparametric variables and the

hi–squared test was used for categorical variables. All analy-
es were performed using the SPSS IBM Statistics version 22.0
oftware.

esults
ne hundred and eleven patients were included, 72 males and
9 females, with a median age of 18 (1–63 years). A total of
5% of the patients had a malignant hematologic disease, the
8 (26.6%) 0.804
16 (53.3%) 0.712

most frequent diagnosis being acute leukemia (71%). All pati-
ents received a haplo-HSCT because they did not have fully
compatible HLA donors. General patient and clinical charac-
teristics are shown in Table 1. Grades II–IV acute graft vs. host
disease (aGVHD) was observed in 40 (36%) of the 111 patients
and mild-to-moderate chronic graft vs. host disease (cGVHD)
was observed in 27 (24%) patients.

Characteristics  of  patients  with  HC

Thirty (27%) of the 111 patients had HC, 19 (63.3%) males and 11
(36.6%) females, with a median age at transplantation of 17.5
(3–61 years). Fifteen (50%) patients were <18 years at the time
of transplant. Indications for transplant included malignant
disease in 26 (87%) patients and non-malignant disease in four
patients. Grades II–IV aGVHD was observed in 13 (43.3%) pati-
ents, while eight (26.6%) patients developed cGVHD (Table 1).
The skin was the most frequently affected site in both acute
and chronic GVHD.

According to the HC classification, one patient (4%) was
stratified at Grade I, 21 (70%) at Grade II, four (13%) at
Grade III and four (13%) at Grade IV. The median time of
HC onset was 30 days (7–149 days) post-transplant, with
a median duration of 23.5 days (4–80 days). Late HC was
observed in all 30 patients in this group. Using qPCR, BK
virus levels were quantified in blood and urine samples
from 14 patients; the BK virus was detected in 10 (71%)
samples, nine in urine and one in blood, while in four samp-
les, the BK virus was not detected. The median urinary
viral load was 50,000,000 copies/�L (50,000,000–833,682,957
copies).

Due to financial constraints, BK virus detection was not

performed in the remaining 16 patients of this group, thus
the etiological HC agent in this subgroup was not identi-
fied. Urine cultures were performed for all 30 HC patients,
but in all cases, cultures were negative for bacterial and fun-
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Figure 1 – Overall survival of patients with and without
hemorrhagic cystitis (HC).

population and that immune reconstitution leads to more
severe BK virus infections, including HC incidences, due to the
recognition of bladder viral antigens by emerging, functioning
gal infection. The HC treatment was non-invasive in mild
HC cases (Grades I–II) and invasive for severe HC or refrac-
tory cases. Non-invasive treatments were performed in an
outpatient setting, with oral hydration, quinolone and pain
relief in 16 (53%) patients. Fourteen (47%) patients required
hospitalization for invasive treatment, which included Foley
catheterization, intravenous hydration and pain relief. Addi-
tionally, one patient received intravenous cidofovir (5 mg/kg);
four patients received intravesical cidofovir (5 mg/kg in saline
solution, once a week for two weeks); three patients recei-
ved continuous bladder irrigation (cystoclysis) with saline
solution, using a two-way Foley urethral catheter; one pati-
ent needed cystostomy (suprapubic catheter insertion), with
clot removal due to repetitive urinary obstruction; one pati-
ent required cystoscopy, with clot evacuation due to urinary
obstruction, and; six patients required a blood transfusion.
Quinolones comprised ciprofloxacin (500 mg,  twice daily) or
levofloxacin (500 mg,  daily). Cidofovir was used for patients
with detected BK virus and for those who did not response
to quinolones. All patients responded to treatment, except
two (6.6%), who  died due to HC complications. One patient
with cystostomy died due to sepsis, secondary to urinary
tract infection and another patient with cystoclysis died due
to renal failure and multiple organ failure, secondary to in-
hospital pneumonia. In total, 16 (53.3%) patients in this group
died, the main causes being relapse of underlying disease
and infection. For patients without HC, the median follow-
up was 6.6 months (1–41 months) and the overall survival
was 46.7%, with no significant differences (p = 0.52) (Fig. 1).
A significant correlation was observed between HC inci-
dence and donor-receptor sex mismatch (r = 0.222, p = 0.02).
However, no relationship was observed between the HC and
patient age (r = −0.016, p = 0.86), total hematopoietic CD34+
cells infused (r = −0.063, p = 0.51), median post-transplant
days to myeloid (r = −0.081, p = 0.46) and platelet recovery
(r = −0.054, p = 0.63), presence of aGVHD (r = −0.081, p = 0.40)
or cGVHD (r = −0.024, p = 0.80) and donor gender (r = −0.091,

p = 0.34).
. 2 0 2 2;4 4(2):163–168

Characteristics  of  patients  without  HC

Eighty-one patients (73%) did not present with HC, 53 (65%)
males and 28 (35%) females, with a median age at transplan-
tation of 18 years (1–63 years). A total of 39 (48%) patients
were <18 years. Indications for transplant included hemato-
logic malignant disease in 69 (85%) cases and non-malignant
disease in 12 (15%). At the time of transplantation, 41 (50.6%)
patients were in complete remission and 40 (49.4%) had active
disease. Grades II–IV aGVHD was observed in 27 (33%) patients.
The median follow-up time was 4.8 months (0–55 months) and
overall survival was 50%.

Discussion

In this study, the HC incidence (27%) was similar to other stu-
dies, although reported ranges are wide3,6,22,31 In our outpati-
ent HSCT program, hydration could be not efficiently delivered
during the conditioning regimen and post-transplantation
cyclophosphamide administration, favoring HC in our pati-
ents. To minimize the risk, we used Mesna and hydration, from
commencement until six hours after the end of the cyclophos-
phamide infusion.

Many HC risk factors have been described, including the
conditioning regimen, unrelated donor and patient characte-
ristics, such as male gender, older age and clinical conditions,
including GVHD.3,32,33 In our study, despite all patients having
received an RIC and the hematopoietic cell source having been
a related donor in all cases, the HC incidence was similar to
previous reports on myeloablative regimens. However, we did
not find any relationship between demographic characteri-
stics and the HC incidence.

We observed that donor-recipient sex mismatch was more
frequent in the HC group than in the group of patients without
HC (60% vs. 41%). This sex mismatch correlated with higher HC
incidences (r = 0.222, p = 0.02). The discrepancy between sexes
was more  frequent from male donors to female recipients (37%
vs. 23%). Similar information was found in a previous study.34

Cyclophosphamide is used in haploidentical transplan-
tation to induce T lymphocyte apoptosis, thereby reducing
the risk of GVHD, without damaging key hematopoietic
cells, which produces high levels of protective aldehyde
dehydrogenase.35,36 At recommended post-transplantation
cyclophosphamide doses of 50 mg/kg on days +3 and +4, pre-
vious studies showed a 6% incidence of Grade 3 aGVHD.13,37

In our study, the aGVHD incidence (36%) was higher than pre-
viously reported rates, but no correlations with HC incidence
or severity (r = −0.081, p = 0.40) were observed.

Although the BK virus can be detected in the urine of
50%–100% of asymptomatic patients, not presenting HC, it
is probable that the coexistence of BK virus with other fac-
tors could favor HC (6). It has been suggested that delayed
immune reconstitution following haploidentical transplant
could contribute to higher rates of BK virus infection in this
lymphocytes.38
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Nevertheless, for associations between the BK virus and
onditioning regimens, the BK viruria is more  frequent in pati-
nts who  receive a myeloablative conditioning regimen (57%),
han those who  receive a non-myeloablative scheme (30%),
egardless of the presence of HC. In this study, we observed a
igh HC incidence associated with the BK virus (71%), bearing

n mind all patients had received RIC schemes.6 Characteristi-
ally, late onset HC is associated with viral infection, mainly by
he BK virus.31,39 All HC cases included here were late onset,
ith a median time after transplant of 30 days (7–149 days)

nd a median duration of 23.5 days (4–80 days). The BK virus
as the most frequent etiological agent detected. Although

irus detection was not performed in all patients due to onset
haracteristics (late onset) and financial constraints, it is unli-
ely that the HC was caused by the chemotherapy regimen

n these cases. Regarding overall survival, we  found no diffe-
ences between patients with and without HC (46.7% vs. 50%,

 = 0.712).
Study limitations included its retrospective nature, the

mall number of patients with HC and a possible underesti-
ation of virus-associated HC, due to the low numbers of

amples analyzed. However, our study provides key informa-
ion on the HC incidence and evolution in patients who receive
heir haplo-HSCT on an outpatient basis, including all the care
or the administration of the conditioning scheme and the
ost-transplant cyclophosphamide.

In conclusion, the HC incidence and severity after haplo-
SCT on an outpatient basis was comparable to incidences

eported in hospitalized patients after myeloablative conditio-
ing. The only characteristic related to a higher HC incidence
as the donor-recipient sex mismatch.
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ll transplant procedures were performed in accordance with
nstitutional ethical standards after obtaining approval by
he transplant committee and signing an informed consent,
ccording to the FACT guidelines. Due to the retrospective
ature of the study, it was not necessary to request informed
onsent from patients; however, patient confidentiality was
trictly maintained.

onflict  of  interest

he authors declare no conflicts of interest.

 e  f  e  r  e  n  c  e  s

1. Aversa F, Martelli MF. Transplantation of haploidentically
mismatched stem cells for the treatment of malignant
diseases. Springer Semin Immunopathol. 2004;26:155–68.

2. Lu DP, Dong L, Wu  T, Huang XJ, Zhang MJ, Han W,  et al.
Conditioning including antithymocyte globulin followed by
unmanipulated HLA-mismatched/haploidentical blood and
marrow transplantation can achieve comparable outcomes

with HLA-identical sibling transplantation. Blood.
2006;107:3065–73.

3. Ruggeri A, Roth-Guepin G, Battipaglia G, Mamez AC, Malard F,
Gomez A, et al. Incidence and risk factors for hemorrhagic
 0 2 2;4 4(2):163–168 167

cystitis in unmanipulated haploidentical transplant
recipients. Transpl Infect Dis. 2015;17:822–30.

4. Silva L de P, Patah PA, Saliba RM, Szewczyk NA, Gilman L,
Neumann J, et al. Hemorrhagic cystitis after allogeneic
hematopoietic stem cell transplants is the complex result of
BK virus infection, preparative regimen intensity and donor
type. Hematologica. 2010;95:1183–90.

5. El-Zimaity M, Saliba R, Chan K, Shahjahan M,  Carrasco A,
Khorshid O, et al. Hemorrhagic cystitis after allogeneic
hematopoietic stem cell transplantation: donor type matters.
Blood. 2004;103:4674–80.

6. Giraud G, Bogdanovic G, Priftakis P, Remberger M,  Svahn BM,
Barkholt L, et al. The incidence of hemorrhagic cystitis and
BK-viruria in allogeneic hematopoietic stem cell recipients
according to intensity of the conditioning regimen.
Hematologica. 2006;91:401–4.

7. van Aalderen MC, Heutinck KM, Huisman C, ten Berge IJM. BK
virus infection in transplant recipients: clinical
manifestations, treatment options and the immune response.
Neth J Med. 2012;70:172–83.

8. Droller MJ, Saral R, Santos G. Prevention of
cyclophosphamide-induced hemorrhagic cystitis. Urology.
1982;20:256–8.

9. Fu H, Xu L, Liu D, Zhang X, Liu K, Chen H, et al. Late-onset
hemorrhagic cystitis after haploidentical hematopoietic stem
cell transplantation in patients with advanced leukemia:
differences in ATG dosage are key. Int J Hematol.
2013;98:89–95.

0. Rimondo A, Crocchiolo R, El-Cheikh J, Bramanti S, Granata A,
Furst S, et al. The calcineurin inhibitor and the intensity of
the  conditioning regimen may affect the occurrence of
polyomavirus-associated hemorrhagic cystitis after
haploidentical hematopoietic stem cell transplantation with
post-transplant cyclophosphamide. Bone Marrow Transplant.
2017;52:135–7.

1. Sereno M, Castelo B, Martínez N, Casado E, González M.
Cistitis hemorrágica. Rev Oncol. 2003;5:315–9.

2. Solomon SR, Solh M, Morris LE, Holland HK, Bashey A.
Myeloablative conditioning with PBSC grafts for T cell-replete
haploidentical donor transplantation using posttransplant
cyclophosphamide. Adv Hematol. 2016;2016, 9736564.

3. Farhadfar N, Hogan WJ.  Overview of the progress on
haploidentical hematopoietic transplantation. World J
Transplant. 2016;6:665–74.

4. Riachy E, Krauel L, Rich BS, McEvoy MP, Honeyman JN, Boulad
F,  et al. Risk factors and predictors of severity score and
complications of pediatric hemorrhagic cystitis. J Urol.
2014;191:186–92.

5. Tang W,  Wang L, Zhao WL,  Chen YB, Shen ZX, Hu J.
Intravenous busulfan-cyclophosphamide as a preparative
regimen before allogeneic hematopoietic stem cell
transplantation for adult patients with acute lymphoblastic
leukemia. Biol Blood Marrow Transplant. 2011;17:1555–61.

6. Hirsch HH, Steiger J. Polyomavirus BK. Lancet Infect Dis.
2003;3:611–23.

7. Satyanarayana G, Marty FM, Tan CS. The polyomavirus
puzzle: is host immune response beneficial in controlling BK
virus after adult hematopoietic cell transplantion? Transpl
Infect Dis. 2014;16:521–31.

8. Coomes EA, Wolfe Jacques A, Michelis FV, Kim DDH, Thyagu
S, Viswabandya A, et al. Efficacy of cidofovir in treatment of
BK virus-induced hemorrhagic cystitis in allogeneic
hematopoietic cell transplant recipients. Biol Blood Marrow
Transplant. 2018;24:1901–5.

9. Philippe M, Ranchon F, Gilis L, Schwiertz V, Vantard N, Ader F,

et  al. Cidofovir in the treatment of BK virus-associated
hemorrhagic cystitis after allogeneic hematopoietic stem cell

http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0005
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0010
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0015
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0020
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0025
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0030
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0035
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0040
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0040
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0040
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0040
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0040
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0040
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0040
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0040
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0040
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0040
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0040
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0040
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0040
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0040
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0040
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0040
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0040
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0040
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0040
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0040
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0040
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0040
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0040
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0040
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0040
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0040
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0040
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0040
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0040
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0045
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0050
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0055
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0055
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0055
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0055
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0055
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0055
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0055
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0055
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0055
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0055
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0055
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0055
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0055
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0055
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0055
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0055
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0055
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0055
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0055
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0055
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0055
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0055
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0060
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0065
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0070
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0075
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0080
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0080
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0080
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0080
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0080
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0080
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0080
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0080
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0080
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0080
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0080
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0080
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0080
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0080
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0080
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0080
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0080
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0080
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0080
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0085
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0090
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095
http://refhub.elsevier.com/S2531-1379(20)31290-6/sbref0095


 ther

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

3

3

3

39. Han TT, Xu LP, Liu DH, Liu KY, Fu HX, Zhao XY, et al.
168  hematol transfus cell

transplantation. Biol Blood Marrow Transplant.
2016;22:723–30.

0. Cesaro S, Hirsch HH, Faraci M, Owoc-Lempach J, Beltrame A,
Tendas A, et al. Cidofovir for BK virus-associated hemorrhagic
cystitis: a retrospective study. Clin Infect Dis. 2009;49:233–40.

1. Miller AN, Glode A, Hogan KR, Schaub C, Kramer C, Stuart RK,
et al. Efficacy and safety of ciprofloxacin for prophylaxis of
polyomavirus BK virus-associated hemorrhagic cystitis in
allogeneic hematopoietic stem cell transplantation
recipients. Biol Blood Marrow Transplant. 2011;17:1176–81.

2. Leung AY, Chan M, Cheng VC, Lie AK, Yuen KY, Kwong YL.
Polyoma  BK viruria in patients undergoing autologous
hematopoietic stem cell transplantation. Bone Marrow
Transplant. 2005;35:1029–30.

3. Mo XD, Zhang XH, Xu LP, Wang Y, Yan CH, Chen H, et al.
Treatment of late-onset hemorrhagic cystitis after allogeneic
hematopoietic stem cell transplantation: the role of
corticosteroids. Ann Hematol. 2018;97:1209–17.

4. Tirindelli MC, Flammia GP, Bove P, Cerretti R, Cudillo L, De
Angelis G, et al. Fibrin glue therapy for severe hemorrhagic
cystitis after allogeneic hematopoietic stem cell
transplantation. Biol Blood Marrow Transplant.
2014;20:1612–7.

5. Urbaniak-Kujda D, Kapelko-Słowik K, Biernat M, Dybko J,
Laszkowska M, Kuliczkowski K. The use of hyperbaric oxygen
therapy in the treatment of hemorrhagic cystitis after
allogeneic stem cell transplantation from an unrelated donor.
Int  J Hematol. 2015;102:364–7.
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