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Sickle cell anemia (SCA) is a common genetic blood disorder, affecting millions worldwide.
According to current evidence, individuals with SCA have more than 300 times greater risk
to develop bacterial meningitis (BM) than the general population. Herein we have described
the characteristics of a series of BM cases in SCA patients in Salvador, Brazil, during 13
years of hospital-based surveillance. Data on clinical presentation, laboratory parameters
and outcomes were collected retrospectively by reviewing medical records. From 1999 to
2011, ten SCA patients were identified among the 2511 cases of BM (10/2511; 0.40%). These
patients were more likely to be male (90%) and to be younger (median age 8.5 years). The
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causative agents were Streptococcus pneumoniae (n=>5) and Haemophilus influenzae (n=1). The

most frequent pneumococcal serotypes were 23F (2 cases), 14, 18F, 23B (one case each).
Common medical complications were stroke (n = 3); heart failure (n = 2), respiratory problems

S. Pneumoniae
H. influenzae

(n=2), renal dysfunctions (n=2) and leg ulcers (n=1). This study highlights the importance

of S. pneumoniae as a causative agent of meningitis in individuals with SCA and shows the
diversity of comorbidities associated with this condition.
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Estimates suggest that 250,000 children with SCA are born
annually throughout the world. SCA is particularly common
among those whose ancestors came from sub-Saharan Africa
and Spanish-speaking regions in the Western Hemisphere
(South America, the Caribbean, and Central America). In
Brazil, SCA is one of the most prevalent hereditary diseases,
with approximately 3500 new cases annually.”3

Introduction

Sickle cell anemia (SCA) is the most frequent hemoglobinopa-
thy worldwide, affecting approximately 20-25 million people.!
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SCA causes a debilitating systemic syndrome characterized
by chronic anemia, acute chest syndrome, stroke, splenic and
renal dysfunction, acute painful episodes, and susceptibility

2531-1379/© 2019 Associagao Brasileira de Hematologia, Hemoterapia e Terapia Celular. Published by Elsevier Editora Ltda. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Please cite this article in press as: Chenou F, et al. Bacterial meningitis in patients with sickle cell anemia in Salvador, Bahia, Brazil: a report on
ten cases. Hematol Transfus Cell Ther. 2019. https://doi.org/10.1016/j.htct.2019.06.006



https://doi.org/10.1016/j.htct.2019.06.006
https://doi.org/10.1016/j.htct.2019.06.006
http://www.htct.com.br
https://orcid.org/0000-0001-5273-2658
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:joice@ufba.br
https://doi.org/10.1016/j.htct.2019.06.006
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

HTCT-3077; No.of Pages6

2 HEMATOL TRANSFUS CELL THER. 2019;X X X(X X):XXX~XXX

to bacterial infections.*>%’ Bacterial diseases usually com-
plicate the course of SCA, meningitis being one of the most
life-threatening.

Bacterial meningitis (BM) is a serious public health prob-
lem. This infection is severe and poses an increased risk of
mortality and sequelae. In Brazil, 6352 BM cases were recorded
in 2013, and the three primary causative pathogens were Neis-
seria meningitides, Streptococcus pneumoniae and Haemophilus
influenzae. These agents were responsible for 63% of deaths
among 1175 cases of BM.2

The routine vaccination against H. influenzae (Hib) and the
introduction of the 10-valent pneumococcal conjugate vaccine
(PCV10), associated with the prophylactic oral penicillin, have
contributed to the decrease of bacteremia and BM in patients
with SCA.° However, these patients remain at an increased
risk of developing BM.

Epidemiological data regarding the patterns of infec-
tion, lethality and clinical course of illness are scarce
in the scientific literature for this risk group. Therefore,
the purpose of the present investigation is to describe
a series of BM cases in patients with SCA at a referral
infectious diseases hospital over 13 years of active surveil-
lance.

Methods
Study setting and diagnosis of bacterial meningitis

An active surveillance system for BM was established at Hos-
pital Couto Maia (HCM), a referral institution for infectious
diseases. This medical facility provides public healthcare for
residents from the Metropolitan Region of Salvador, Brazil
(2,921,087 inhabitants in 2015).°

According to recommendations from the Secretary of State
for Health, all suspected cases of meningitis in the region are
submitted to diagnostic procedures, including lumbar punc-
ture and cerebrospinal fluid examination, as well as isolation
precaution protocols.

A case of BM was defined as follows: 1) clinical presen-
tation of meningitis, characterized by fever, meningismus,
and altered mental status; 2) an abnormal cerebrospinal fluid
examination, and/or; 3) positive cerebrospinal fluid or blood
culture for any bacteria.

For cases in which Gram stain and culture techniques
were negative, the criteria to define BM was the following:
glucose concentration less than 40 mg/L, and/or protein con-
centration more than 50mg/dL, and/or a white cell count
over 100 cells per mm?, and neutrophil percentage over
50%.

Case definition, study design and data collection

A case was defined as a patient with confirmed SCA, who had
BM and was hospitalized at HCM from 1999 to 2011. We set
up a retrospective cohort study. The research team reviewed
medical records using a standardized questionnaire to collect
demographic information, clinical presentation, and outcome
characteristics.

Laboratory methods

Following laboratory guidelines, routine tests for CSF analysis
were performed, including leukocyte count, glucose, protein
and Gram stain and culture. The latex agglutination test
for bacterial antigen detection was conducted according to
kit availability and/or medical request. Pneumococcal iso-
lates were serotyped by the Centers for Disease Control and
Prevention (CDC), using the capsular swelling method with
type-specific antiserum.

Hematological analyses were carried out using an elec-
tronic cell counter (Sismex XE-2100D). Sickle cell was
identified through sickling and solubility tests.

Statistical analysis

A database was built using the Epi-Info version 3.5.1 (CDC,
Atlanta, GA, USA), and later used to screen patients with
meningitis who had reported SCA. The statistical anal-
yses were performed with R software (version 3.2.3 -
http://www.r-project.org). The categorical and continuous
variables are presented as number and proportion, median
and range, respectively.

Ethics

Patients were enrolled in the study according to informed con-
sent procedures approved by the Institutional Review Boards
of the Oswaldo Cruz Foundation, Brazilian Ministry of Health
and the Hospital Couto Maia.

Results
The frequency of patients with SCA among BM cases

From 1999 to 2011, the surveillance system consecutively iden-
tified 2511 cases of BM, ten of which were patients diagnosed
with SCA. The frequency of patients with SCA among BM cases
during these 13 years was 0.40% (Table 1).

Epidemiological and clinical characteristics of patients

Overall, most of the patients were likely to be male (9/10) and
to be younger (median age 8.5 years). On average, the duration
of symptoms was two days and the length of the hospital stay
was 13.5 days. Two patients (20%) were admitted to an inten-
sive care unit (ICU), and five (50%) received a blood transfusion.

Regarding hematological analysis at admission, the red
blood cell (RBC) count ranged from 2.1 to 3.8 x 10° cells/mm?,
with reticulocytes accounting for 16.7% to 39.5%. The
hemoglobin level ranged from 5.5 to 12.9 g/dl and the platelet
count, from 88 to 609 x 103 cells/mm?3. In addition, the white
blood cell (WBC) count ranged from 10,900 to 65,700 cells/mm?3
with 9592 to 64,386 neutrophils/mm? (Table 2).

Concerning CSF parameters, the WBC count ranged from
72 to 10,000 cells/mm?3, the glucose level, from 20 to 70 mg/dl
and protein, from 30 to 500 mg/dl. CSF cultures and Gram stain
were positive in six cases (60%), and one had a positive blood
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Table 1 - Frequency of patients with diagnosis of SCA among bacterial meningitis cases identified in Salvador in the

period of.1999-2011.

Year No. of bacterial meningitis cases No. of patients with SCA Frequency of patients with SCA
1999-2000 538 2 0.37%

2001-2002 439 2 0.46%

2003-2004 326 1 0.31%

2005-2006 252 1 0.40%

2007-2008 378 2 0.53%

2009-2011 578 2 0.35%

Total 2511 10 0.4%

Table 2 - Demographic and hematological characteristics of each patient with a diagnosis of SCA and bacterial

meningitis.
Case Year of Age Sex RBC Hematocrit  Hemoglobin Platelets WBC Neutrophils Lymphocytes
diagnosis (years) (10°cells (%) (g/dL) (103cells/ (cells/ (cells/ (cells/
/mm?) mm?) mm?) mm?) mm?)
1 1999 5 M NA 18 5.5 NA 58,000 52,204 3,480
2 2000 6 M 2.1 17.8 5.6 171 25,500 20,910 3,825
3 2001 11 M 3.2 20.8 6.5 226 23,400 18,954 3,978
4 2002 3 M 2.1 16.7 5.2 385 23,300 20,970 2,097
5 2003 18 M 3.2 34.6 10.9 299 65,700 64,386 657
6 2006 20 M NA 39.5 12.9 88 40,100 33,283 3,208
7 2007 35 F 3.4 30.7 9.4 609 10,900 9592 1,090
8 2007 22 M 3.1 25.6 8.9 365 21,300 17,679 2,556
9 2011 2 M 3.8 30.3 9.1 246 19,600 14,308 4,900
10 2011 6 M 2.1 25 7.7 340 32,000 23,360 7,680

Table 3 - Laboratory characteristics of CSF of each patient with diagnosis of SCA and bacterial meningitis.

Case CSF WBC CSF glucose CSF protein CSF culture Blood culture Serotypes of pneumococci
1 10,000 20 500 H. influenzae Negative

2 72 20 500 S. pneumoniae Negative 23F
3 410 40 500 S. pneumoniae Negative 23F
4 201 20 300 S. pneumoniae Negative 18F
5 10,000 20 500 S. pneumoniae Negative 23B
6 350 20 500 S. pneumoniae S. pneumoniae 14
7 1,500 50 30 Negative Negative

8 860 20 500 Negative Negative

9 7,600 57 88 Negative Negative

10 110 70 56 Negative Negative

culture. The bacteria H. influenzae was the causative agent in
one case (10%), and S. pneumoniae in five cases (50%). The pneu-
mococcal serotypes identified were 23F (two cases) and 14,
18F, 23B (one case each) (Table 3). Four patients did not have
the etiologic agent of meningitis defined, three of whom had
previously used antibiotics, such as cephalothin, ceftriaxone,
and clindamyecin.

Case characteristics and outcome

In regard to clinical symptoms, 50% of the patients presented
altered mental status at admission, and 40% had pneumonia.

One 3-year-old patient was transferred to another hospi-
tal owing to heart failure, and another 6-year-old patient had
hypertension and was medicated with dihydralazine. Further-
more, these two patients have also undergone prophylactic
penicillin therapy.

Two patients died (20%), and both of them had meningitis
caused by S. pneumoniae. One of them was 20 years old and

had other underlying diseases, namely hepatitis B, acute renal
failure, and respiratory failure. The other one was 22 years old
and had heart failure and leg ulcers.

In this cohort, we have identified only one female
patient. She had complications, a few of which were
chronic renal failure and hypertension, but she sur-
vived.

Three patients had a medical history of stroke; two of them
were children of 6 and 11 years old, respectively and one was
a 22-year-old adult. The youngest child had a hemorrhagic
stroke episode (Table 4).

A 20-year-old boy (case 6), who had presented BM symp-
toms for two days, was admitted to the ICU. At the moment
of admission, the patient developed respiratory failure, acute
renal failure, and altered mental status. His initial hemogram
(CBC) showed thrombocytopenia, leukocytosis, and hemo-
concentration. Blood and CSF culture were positive for S.
pneumoniae serotype 14. The patient died after four days of
hospitalization.
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Table 4 - Clinical characteristics and outcome of each patient with diagnosis of SCA and bacterial meningitis.

Case  SCA complications Altered mental status  Blood transfusion  Presumptive infection source Outcome

1 Yes Yes NA Discharged
2 No Yes NA Discharged
3 Respiratory failure, stroke Yes Yes NA Discharged
4 Heart failure Yes No Transferred
5 No No Discharged
62 Respiratory failure, acute renal failure ~ Yes No Sepsis Died

7° Chronic renal failure No No Discharged
8 Heart failure, stroke, leg ulcers Yes Yes Infection of the upper airways  Died

9 No No Pneumonia Discharged
10° Hemorrhagic stroke No Yes Pneumonia Transferred

NA: not available.
@ hepatitis B;.
b hypertension.

Discussion

BM, as well as other infectious diseases, frequently compli-
cates the course of patients with SCA and contributes to high
case fatality ratios. Understanding the factors involved in the
development of meningitis in this risk group is of great impor-
tance to prevent infections and improve prognosis.

This series of ten SCA cases corresponds to 0.4% of all BM
cases recorded from 1999 to 2011 at Hospital Couto Maia. The
frequency observed here was remarkably lower than in previ-
ous reports. As an illustration, Williams and colleagues have
estimated 8.6% SCA cases among BM episodes (20 patients
with SCA/232 BM cases) in Kenyan children in a retrospective
cohort and case-control study.**

There can be a number of reasons why this low frequency
was observed in our setting. Firstly, it may result from the
type of study, since in retrospective cohort losses might occur.
Another possible reason is the introduction of the Hib vaccine
and PCV7 vaccine in Brazil in 1999 and 2003, respectively.

Most of our patients were likely to be male (90%) and to
be younger (median age 8.5 years, range 2-35 years). The pop-
ulation described herein was considerably older than those
reported in other investigations.'>1?

We observed lower values of RBC, hemoglobin concentra-
tions and hematocrit in almost all patients with SCA. This
phenomenon mightbe explained by the rate of chronic hemol-
ysis associated with SCA. Similar results were obtained by
Akinbami et al. in Lagos, Nigeria, among patients with SCA
in steady state.'®

In the present study, the WBC and neutrophil count was
generally higher in SCA patients. This finding is consistent
with other studies, and it is normally triggered by the pro-
cess of increased demargination of intravascular neutrophils,
accelerated release from the bone marrow and reduction in
the rate at which neutrophils leave the blood. Regarding the
platelet count, almost all patients had typical values except
two, one of whom had thrombocytopenia and the other,
thrombocytosis.

Among the ten cases described herein, only one case
of H. influenzae meningitis was registered. Interestingly, this
episode happened in 1999, during the pre-vaccine period in
Brazil for the Hib-vaccine. The introduction of the Hib-vaccine

led to a dramatic reduction in the incidence rate of H. influen-
zae meningitis of 40-95% in the post-vaccine period, compared
to the pre-vaccine period.'* Reports from HCM surveillance
also have shown a sharp decrease from 2.39 to 0.06 cases per
100,000 inhabitants (98%) of H. influenzae meningitis in this
setting.’ We suppose that for this reason, no case of H. influen-
zae meningitis was recorded in the post-vaccine period.

In the present evaluation, the frequency of pneumococ-
cal meningitis among patients with SCA was 50% (5/10). This
rate is lower than the ones previously reported in other set-
tings. For instance, Gill and colleagues estimated the incidence
of pneumococcal meningitis at 90.9% (10 /11) in a cohort of
infants with SCA.??

This finding might have happened on account of the gen-
eral reduction in pneumococcal meningitis over the past
decade in Salvador.’®" The small proportion of cases of
pneumococcal meningitis could also stem from the previous
antibiotic use. In the present evaluation, three patients have
undergone empirical antibiotic therapy. In all these cases,
the causative agents were not identified using conventional
culture techniques. This finding is not surprising since it is
widely accepted that the presence of antimicrobial residues
may affect the recovery of bacteria in biological samples.

Among the five cases of pneumococcal meningitis, only
one was lethal. The patient who died was 22 years old and had
meningitis caused by S. pneumoniae serotype 14. This findingis
consistent with previous reports, since serotype 14 is consid-
ered to be one of the leading causes of death in this setting.®
The fatality rate of pneumococcal meningitis was 20% (1/5).
This result is similar to those of Gill et al., who reported two
deaths (20%) due to S. pneumoniae in ten children with SCA.*

Current evidence suggests that the survival of young chil-
dren with SCA has improved and the pattern of mortality has
changed over the past decades. A case in point is the investi-
gation conducted by Quinn and colleagues. The authors have
examined the Dallas Newborn Cohort in order to provide con-
temporary survival data for children with SCA. The research
demonstrates that all deaths occurred in patients who were 18
years or older.”® In our study, there were two deaths overall,
and both patients were over 18 years old. This result might be
a consequence of newborn screening, prophylactic penicillin
therapy and effective vaccination programs against Hib and S.
pneumoniae during early childhood.
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Despite the changing pattern of mortality, published
sources indicate that individuals with SCA still have a high
risk of pneumococcal infections. This might happen due
to genetic changes among bacteria, the emergence of non-
vaccine serotypes and other mutations affecting antibiotic
resistance.

The pneumococcal serotypes identified in the five cases
reported here were 23F (n=2), 14 (n=1), 18F (n=1), 23B (n=1).
The 23F and 18F are vaccine serotypes, but the serotypes 18 F
and 23B are not included in the PCV10 or PPV23 vaccines.
These results are similar to those of McCavit et al. The authors
have identified seven cases of invasive pneumococcal disease
caused by non-vaccine serotypes in patients with SCA since
the development of the PVC7 in the USA.?°

Likewise, Santoro et al. described one case of pneumococ-
cal meningitis caused by the non-vaccine serotype 23B in an
African American boy with SCD.?! In addition, pneumococ-
cal meningitis by non-vaccine serotype 18 F was detected in a
14-year-old patient with SCA, who later died.??

BM in SCA patients can be due to several variables, a few of
which are inadequate vaccination, limited immune response
to vaccines and decreased use of penicillin prophylaxis.?® In
the present investigation, data regarding immunization status
was not available to verify the effectiveness of pneumococcal
vaccines.

BM is a significant cause of morbidity in patients with
SCA. Nonetheless, few studies focus on describing medical
complications associated with this risk group. In the present
evaluation, three patients had a medical history of stroke, one
of whom was a 6-year-old child who had a hemorrhagic stroke
and motor sequelae. This result contradicts those presented
by Ohene-Frempong and colleagues, who found that hemor-
rhagic stroke occurred more frequently in adults.?* Moreover,
other complications were identified, namely renal, respiratory
and cardiac failure, leg ulcers, hepatitis B and hypertension.

This study has some limitations that should be acknowl-
edged. First, in a retrospective cohort study, loss of information
often occurs. To avoid missing or incomplete data, we double-
checked the medical records. In addition, data referring to
immunization status were not available in the medical records
and was therefore not included in this investigation. Unfortu-
nately, it was not possible to contact patients or their legal
guardians to obtain this data. Finally, the study describes
patients with sickle cell anemia, a risk group for bacterial
infections in general. Those patients usually undergo prophy-
lactic antibiotic therapy, which may affect the performance
of classical microbiological tests, such as Gram stain and cul-
ture techniques. This can limit the etiological identification of
BM, as indeed occurred in four of the ten cases reported here.
Molecular methods, such as real-time PCR, are not affected by
the antibiotic presence and might be advisable in this scenario.

This investigation provides valuable information on risk
factors for BM in patients with SCA. In summary, we found
that the frequency of patients with SCA among cases of BM
was low in Salvador, Bahia. Patients with this condition were
more likely to be male, to be younger and to have developed
meningitis by S. pneumoniae. This study also cautions for the
importance of pneumococcal vaccination in daily practice.
The fatality rate for pneumococcal meningitis was worrisome
in our setting, reaching 20%. The possibility of improving the

outcomes of these patients by prevention is extremely impor-
tant.

Funding

Research Support Foundation for the State of Bahia (FAPESB-
PP-SUS0001/2009), National Council for Scientific and Techno-
logical Development (CNPq - 400005/2013-1).

Conflict of interest

None.

Acknowledgments

We would like to thank the patients and their families. We
are also grateful to the team at the Clinical Laboratory and
administrative staff at Hospital Couto Maia. We are espe-
cially grateful to Marcelo Teles Bastos Ribeiro and Ronaldo
José Ribeiro Santos for their immense support in running this
surveillance network.

REFERENCES

1. Vekilov PG. Sickle-cell haemoglobin polymerization: is it the
primary pathogenic event of sickle-cell anaemia? Br ]
Haematol. 2007;139(2):173-84.

2. Lervolino LG, Baldin PE, Picado SM, Calil KB, Viel AA, Campos
LA. Prevalence of sickle cell disease and sickle cell trait in
national neonatal screening studies. Rev Bras Hematol
Hemoter. 2011;33(1):49-54.

3. Lima AR, Ribeiro VS, Nicolau DI. Trends in mortality and
hospital admissions of sickle cell disease patients before and
after the newborn screening program in Maranhao, Brazil.
Rev Bras Hematol Hemoter. 2014;37(1):12-6.

4. Steinberg MH. Management of sickle cell disease. N Engl ]
Med. 1999;340(April (13)):1021-30.

5. Ashley-Koch A, Yang Q, Olney RS. Sickle hemoglobin (HbS)
allele and sickle cell disease: a HuGE review. Am ] Epidemiol.
2000;151(9):839-45.

6. Steinberg MH. Sickle cell anemia, the first molecular disease:
overview of molecular etiology, pathophysiology, and
therapeutic approaches. ScientificWorldjournal.
2008;25(December (8)):1295-324.

7. van den Tweel X, Heijboer H, Fijnvandraat K, Peters M.
Identifying children with sickle cell anaemia in a
non-endemic country: age at diagnosis and presenting
symptoms. Eur ] Pediatr. 2006;165(August (8)):581-2.

8. SINAN - Meningite casos confirmados, 6bitos, incidéncia (por
100.000 habitantes) e letalidade (%) por tipo de meningite.
Brasil, 2010 a 2013. Available from:
http://portalsaude.saude.gov.br/.

9. Bansil NH, Kim TY, Tieu L, Barcega B. Incidence of serious
bacterial infections in febrile children with sickle cell disease.
Clin Pediatr. 2013;52(7):661-6.

10. IBGE - Estimativas populacionais para os munici-
pios e para as Unidades da Federagdo Brasileira. Available from:

http://www.ibge.gov.br/home/estatistica/populacao/estimativa2015/.

11. Williams TN, Uyoga S, Macharia A, Ndila C, McAuley CF, Opi
DH, et al. Bacteraemia in Kenyan children with sickle-cell
anaemia: a retrospective cohort and case-control study.
Lancet. 2009;374(October (9698)):1364-70.

Please cite this article in press as: Chenou F, et al. Bacterial meningitis in patients with sickle cell anemia in Salvador, Bahia, Brazil: a report on
ten cases. Hematol Transfus Cell Ther. 2019. https://doi.org/10.1016/j.htct.2019.06.006



https://doi.org/10.1016/j.htct.2019.06.006
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0035
http://portalsaude.saude.gov.br/
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0045
http://www.ibge.gov.br/home/estatistica/populacao/estimativa2015/
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0055

HTCT-3077; No.of Pages6

6 HEMATOL TRANSFUS CELL THER. 2019;X X X(X X):XXX~XXX

12. Gill FM, Sleeper LA, Weiner SJ, Brown AK, Bellevue R, Grover 18. Ko AlI, Reis JN, Coppola SJ, Gouveia EL, Cordeiro SM, Lobo TS,
R, et al. Clinical events in the first decade in a cohort of et al. Clonally related penicillin-nonsusceptible Streptococcus
infants with sickle cell disease. Cooperative Study of Sickle pneumoniae serotype 14 from cases of meningitis in Salvador,
Cell Disease. Blood. 1995;86(July (2)):776-83. Brazil. Clin Infect Dis. 2000;30(1):78-86.

13. Akinbami A, Dosunmu A, Adediran A, Oshinaike O, Adebola P, 19. Quinn CT, Rogers ZR, McCavit TL, Buchanan GR. Improved
Arogundade O. Haematological values in homozygous sickle survival of children and adolescents with sickle cell disease.
cell disease in steady state and haemoglobin phenotypes AA Blood. 2015;115(April (17)):3447-52.
controls in Lagos, Nigeria. BMC Res Notes. 2012;(August 20. McCavit TL, Quinn CT, Techasaensiri C, Rogers ZR. Increase in
(5)):396. invasive Streptococcus pneumoniae infections in children with

14. Nascimento-Carvalho CM, de Andrade AL. Haemophilus sickle cell disease since pneumococcal conjugate vaccine
influenzae type B vaccination: long-term protection. ] Pediatr. licensure. ] Pediatr. 2012;158(3):505-7.

2006;82 July (3 Suppl.):S109-14. 21. Santoro JD, Case AE, El-Dahr J, Kanter J. A case of invasive

15. Ribeiro GS, Lima JB, Reis JN, Gouveia EL, Cordeiro SM, Lobo TS, Streptococcus pneumoniae in an afebrile adolescent with sickle
et al. Haemophilus influenzae meningitis 5 years after cell disease. Clin Pediatr. 2013;52(12):1173-5.
introduction of the Haemophilus influenzae type B conjugate 22. Hord J, Byrd R, Stowe L, Windsor B, Smith-Whitley K.
vaccine in Brazil. Vaccine. 2007;25(May (22)):4420-8. Streptococcus pneumoniae sepsis and meningitis during the

16. Menezes AP, Campos LC, dos Santos MS, Azevedo J, Dos penicillin prophylaxis era in children with sickle cell disease. ]
Santos RC, Carvalho Mda G, et al. Serotype distribution and Pediatr Hematol Oncol. 2002;24(6):470-2.
antimicrobial resistance of Streptococcus pneumoniae prior to 23. Ellison AM, Ota KV, McGowan KL, Smith-Whitley K.
introduction of the 10-valent pneumococcal conjugate Pneumococcal bacteremia in a vaccinated pediatric sickle cell
vaccine in Brazil, 2000-2007. Vaccine. 2011;29(6):1139-44. disease population. Pediatr Infect Dis J. 2012;31(5):534-6.

17. dos Santos MS, Azevedo J, Menezes AP, Cordeiro SM, Escobar 24. Ohene-Frempong K, Weiner SJ, Sleeper LA, Miller ST, Embury

EC, Lima JB, et al. Temporal trends and clonal diversity of
penicillin non-susceptible pneumococci from meningitis
cases from 1996 to 2012, in Salvador, Brazil. BMC Infec Dis.
2015;15:302.

S, Moohr JW, et al. Cerebrovascular accidents in sickle cell
disease: rates and risk factors. Blood. 1998;91(1):288-94.

Please cite this article in press as: Chenou F, et al. Bacterial meningitis in patients with sickle cell anemia in Salvador, Bahia, Brazil: a report on
ten cases. Hematol Transfus Cell Ther. 2019. https://doi.org/10.1016/j.htct.2019.06.006



https://doi.org/10.1016/j.htct.2019.06.006
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0060
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0065
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0070
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0070
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0070
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0070
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0070
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0070
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0070
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0070
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0070
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0070
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0070
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0070
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0070
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0070
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0070
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0070
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0070
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0070
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0070
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0070
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0070
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0070
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0070
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0070
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0070
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0070
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0070
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0070
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0075
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0080
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0085
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0090
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0095
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0100
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0105
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0110
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0115
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120
http://refhub.elsevier.com/S2531-1379(19)30133-6/sbref0120

	Bacterial meningitis in patients with sickle cell anemia in Salvador, Bahia, Brazil: a report on ten cases
	Introduction
	Methods
	Study setting and diagnosis of bacterial meningitis
	Case definition, study design and data collection
	Laboratory methods
	Statistical analysis
	Ethics

	Results
	The frequency of patients with SCA among BM cases
	Epidemiological and clinical characteristics of patients
	Case characteristics and outcome

	Discussion
	Funding
	Conflict of interest
	Acknowledgments
	References


