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What do we know about the subject matter of this study?

It has been established in the literature the relevance of the specific
haplotypes related to the development of Sickle cell disease. These
haplotypes are more frequent in different ethnic groups. Additiona-
lly, a second group of relevant mutations has been defined for the
prognosis, diagnosis, and pharmacological treatment of Sickle Cell
Disease, although it is yet to be defined whether it will be differen-
tially expressed in different ethnic groups.

Abstract

Sickle cell anemia (SCA) is the most common genetic disease worldwide. There are countries with
massive public health programs for early detection of this condition. In the literature, several spe-
cific haplotypes or single-base polymorphic variants (SNPs) have been associated with the SCA
prognosis. Objective: To demonstrate the significant correlation of SNPs relevant to the diagnosis
and prognosis of SCA among different ethnic groups. Methodology: we analyzed population fre-

What does this study contribute to what is already known?

Using public databases, we analyzed and compared the population
distribution of mutation relevant to the diagnosis, treatment, and
prognosis of Sickle cell disease. Using an automated logistic co-
rrelation model, we found that many of the mutations are present
more frequently in some ethnic groups. This information is rele-
vant because it enlightens and supports the importance of genomic
characterization in the treatment of a genetic pathology like sickle
cell Disease.
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quencies and correlations of several SNPs related to the prognosis of SCA (i.e., baseline fetal he-
moglobin levels), response to hydroxyurea treatment, and response to other drugs used in the SCA
treatment, collected from validated genomic databases among different ethnic groups. Results:
The calculation of the Hardy-Weinberg equilibrium and the logistic regression was successful in
classifying the ethnic groups as African (0 = 0.78, 1 = 0.89), and with a lower efficiency as Ameri-
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can (AMR) (0 = 0.88, 1 = 0.00), East Asian (EAS) (0 = 0.80, 1 = 0.00), European (EUR) (0 = 0.79,
1 =0.00), and South Asian (SAS) (0 = 0.80, 1 = 0.00). Conclusions: The results extend those from
previous reports and show that the profile of most of the SNPs studied presented statistically sig-
nificant distributions among general ethnic groups, pointing to the need to carry out massive early
screening of relevant SNPs for SCA in patients diagnosed with this disease. It is concluded that the
application of a broad mutation detection program will lead to a more personalized and efficient
response in the treatment of SCA.

Introducciéon

Currently, sickle cell disease (SCD), most usually
referred to as sickle cell anemia (SCA), is a common
genetic disease distributed worldwide'. SCA is ten ti-
mes more prevalent in Africa (1125 per 100000 live
births) than globally (112 per 100000 live births) and
less common in Europe (43.12 per 100000 live bir-
ths)? Usually, in adult patients, the most common
form of hemoglobin (HB) is HBA, composed of two
alpha chains and two beta chains'. Sickle cell anemia
occurs due to the substitution of a Valine residue for
a Glutamic Acid in the seventh position of the beta-
globin chain of HB, and it is due to a mutation by
nucleotide substitution of an Adenine to Thymine
in the hemoglobin gene. This mutation generates a
form of HB-denominated HBS and polymerizes in
the deoxygenated state. The HBS polymerization ge-
nerates a morphological change in the appearance of
the erythrocytes, acquiring a sickle shape. It is no-
teworthy that besides the mutation etiologically res-
ponsible for the SCA, there is the co-occurrence of
other allelic combinations, generating five described
haplotypes®. The haplotypes have been associated to
different prognosis of SCA*”.

Additionally, within the hemodynamic alterations of
SCA, vaso-occlusive phenomena occur, including organ
damage and pain’. Reoxygenation of HB recovers the
standard shape of the erythrocyte. However, this pro-
cess harms erythrocytes and leads to their degradation,
causing anemia. The SCA pathology presents a pattern
of autosomal recessive inheritance model, and this con-
figuration implies that every cell must have both copies
mutated®. The parents of a patient affected with SCA,
each one, must carry one copy of the mutated allele, but
they do not show or present symptoms?’.

The highest SCA incidences are observed in re-
gions characterized by endemic malaria infections.
For this reason, parts of sub-Saharan Africa and
Southeast Asia have shown higher incidences of
SCA**. However, migration processes have modified
the ethnic matrix and have generated a new challenge
for health systems and providers.
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Usually, SCD is not considered lethal during child-
hood; however, in adulthood, it can cause heart attack
and kidney damage, among other serious diseases’.
SCD presents a very heterogeneous phenotypic range
and can have complications ranging from very mild
up to even the death of pediatric patients™®. Particu-
larly regarding the treatment of SCD, the main objec-
tive is to increase Fetal Hemoglobin (FH) levels in the
patient. Currently, Hydroxyurea is used as a first-line
antineoplasic drug to increase FH levels’; however, the
response to treatment with Hydroxyurea presents high
variability among patients. Interestingly, the literature
has highlighted the importance of early diagnosis and
identification of mutations associated with the prog-
nosis of SCD to prevent or reduce its harmful effects®.
Then, the importance of personalizing the SCA
treatment has been highlighted, including the possibi-
lity of neonatal screening’. Different point mutations
(SNPs) have been identified and related to diagnosis,
prognosis, and treatment response. Mainly, FH levels
are critical to determine the severity of SCA>!. Iden-
tification of SNPs is an effort to develop personalized
medicine, specifically in SCA, where the importance
of genetic modifiers of variability has been recently
highlighted'"'2.

The current work analyzed databases for a collec-
tion of mutations identified as relevant for the perso-
nalized treatment of SCA. Then, using bioinformatic
tools for data analysis, we can recognize the relevant
SNPs as predictors of various populations or ethnic
groups. The dynamic databases generated will be avai-
lable on the website https://github.com/barralabusach
and will allow us to characterize and guide the develo-
pment of personalized treatments for SCA in different
populations.

Objective

Demonstrate the significant correlation of SNPs
relevant for the diagnosis and prognosis of SCA with
different ethnic groups.
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Methodology

General workflow

We have reviewed the literature and selected sig-
nificant SNPs for both diagnostic and prognosis of
SCA. For every selected SNP, we have downloaded the
individual genomic information for every studied po-
pulation from the 1000 genome database. Using this
information, a new database was generated where the
alleles and genotype information were highlighted.
Once the database was created, Hardy-Weinberg equi-
libria (HWE) were calculated, and a logistic regression
model characterizing the SNPs profile was performed.

Selection and search of SNPs

For the search of the SNPs, these were selected ac-
cording to descriptions in the literature, closely related
to FH levels and the response to treatment with Hy-
droxyurea. The selected SNPs were consistently valida-
ted in a clinical trial, identifying the highest correlated
SNP with the clinical condition'*. The inclusion crite-
ria used for this clinical trial were similar to those pre-
viously published in the literature: the presence of HBs
or HBs-B0 (thalassemia), the age in the range of 5-21
years. The exclusion criteria were: pregnancy, current
or recent painful crisis, fever or acute illness within
three weeks before evaluation, transfusion within the
prior 100 days or active transfusion therapy, abnorma-
lly elevated serum creatinine or liver transaminases.
The siblings were excluded to ensure genetic indepen-
dence'. Also, population frequencies of significant
SNPs for the pharmacological treatment and charac-
terization of the haplotypes in SCD (Supplementary
tables 1, 2, and 3 will be available to download) were
analyzed. The discrete categories (diagnosis, progno-
sis, and FH levels) were assigned as shown in tables 1
and 2. These SNPs were identified in the free database
“1000 genomes”. With this information, a new dyna-
mic database was generated. After selecting the SNPs of
interest, the database of 1000 genomes (1000 Genomes
Project Phase 3) was accessed, available in the Ensembl
database (https://www.ensembl.org/). The search for
each SNP was performed, and the information corres-
ponding to their observed allele frequencies was collec-
ted in 5 categories, already described by the1000 geno-
mes project, which corresponds to human populations:
(i) African population, (ii) American population, (iii)
East Asian population, (iv) European population, and
(v) the population of South Asia. We obtained two da-
tabases; both sets were pre-processed with the Python
3.8.5 programming language. The first database was
based on the frequency of allele and genotype to get a
data set containing 80 rows and 28 columns, summari-
zed in Table 4 of supplementary materials (available
to download on request). The second database, which
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incorporates individual observations, was constructed
using the “get_dummies pandas library” to convert a
categorical variable into “dummy/indicator” variables
to apply a logistic regression model. The dataset gene-
rated contains 87597 rows X 43 columns (See supple-
mentary table 5, available to download).

Hardy Weinberg equilibrium calculation

Using Python 3.8.5 pandas library and the
methodology described in McKinney et al.'®, the HWE
was calculated for each SNP and broken down by each
population using the first dataset generated (table 1).

Analysis of SNPs between populations

To analyze the distribution of SNPs in different po-
pulations, frequency histograms were made between
the categorical populations described. Logistic regres-
sion was applied to the second dataset generated using
the linear model module from the sklearn library. The
model was submitted to an iterative automatic clas-
sification cycle for every specific subset population.
Randomly, the 70% of the database was used for the
training of the model, and the remaining 30% for au-
tomated diagnosis between the binary categories for
every population.

Results

I. Database generation and HWE calculations.

After calculating the HWE equilibria in the SNPs of
the generated database, it was noticeable that 23 of the
37 analyzed SNPs were not in HWE. Notably, 4 SNPs
are consistently not in HWE in 4 of 5 studied popu-
lations (rs11886868, rs2182008, rs380620, rs7599488),
and 6 SNP are not in HWE in one or two populations
(East Asian population), rs2387634 (East Asian popu-
lation), rs334 (American Population, African Popula-
tion), rs61743453 (American Population, African Po-
pulation), rs7557939 (East Asian Population American
Population), rs9319428 (African population). The chi-
value and p-significance are presented in Table 1 for
every SNP and population analyzed.

Regarding the basal levels of FH, it is observed that
the SNPs rs10128556, rs10189857, rs4671393, and
rs4895441 are not in HWE in all populations. The SNP
rs11886868 is only in equilibrium in the European po-
pulation and rs7599488 in the South Asia population;
the SNP rs7557939 is not in HWE in the American and
East Asian populations.

II. Analysis of population variation of SNPs
Regarding the SNPs described for Basal FH Levels,

after carrying out the characterization of the popula-

tions between the SNPs, several differences are obser-
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Table 1. Chi-square values and p significance in every SNPs and population analyzed

SNP Population Description chi_value p_value
rs10128556 SAS Basal Levels of FH 354,4552 1,07E-77
rs10128556 AMR Basal Levels of FH 246,7468 2,63E-54
rs10128556 AFR Basal Levels of FH 566,0709 1,2E-123
rs10128556 EAS Basal Levels of FH 462,1858 4,3E-101
rs10128556 EUR Basal Levels of FH 316,4231 1,95E-69
rs10189857 EAS Basal Levels of FH 20,06321 4,4E-05
rs10189857 AMR Basal Levels of FH 92,1718 9,66E-21
rs10189857 EUR Basal Levels of FH 179,5613 1,02E-39
rs10189857 AFR Basal Levels of FH 447,1257 8,09E-98
rs10189857 SAS Basal Levels of FH 7,021048 0,029881
rs10494225 EUR FH and FH response to Hydroxyurea 517,4806 4,3E-113
rs10494225 AMR FH and FH response to Hydroxyurea 327,2085 8,86E-72
rs10494225 SAS FH and FH response to Hydroxyurea 432,2749 1,36E-94
rs10494225 AFR FH and FH response to Hydroxyurea 448,2387 4,64E-98
rs10494225 EAS FH and FH response to Hydroxyurea 528,2404 2E-115
rs11886868 AMR Basal Levels of FH 80,34456 3,58E-18
rs11886868 AFR Basal Levels of FH 28,48313 6,53E-07
rs11886868 EAS Basal Levels of FH 511,0362 1,1E-111
rs11886868 SAS Basal Levels of FH 210,5475 1,91E-46

rs172652 AFR FH and FH response to Hydroxyurea 49,54167 1,75E-11
rs172652 SAS FH and FH response to Hydroxyurea 312,4771 1,4E-68
rs172652 EUR FH and FH response to Hydroxyurea 207,1368 1,05E-45
rs172652 EAS FH and FH response to Hydroxyurea inf 0
rs172652 AMR FH and FH response to Hydroxyurea 171,1094 6,98E-38
rs17599586 EAS FH change, % inf 0
rs17599586 SAS FH change, % 477,6657 1,9E-104
rs17599586 EUR FH change, % 481,9601 2,2E-105
rs17599586 AFR FH change, % 615,3077 2,4E-134
rs17599586 AMR FH change, % 356,733 3,44E-78
rs2182008 EUR FH and FH response to Hydroxyurea inf 0
rs2182008 SAS FH and FH response to Hydroxyurea inf 0
rs2182008 AFR FH and FH response to Hydroxyurea 201,9845 1,38E-44
rs2182008 AMR FH and FH response to Hydroxyurea 283,9491 2,19E-62
rs2295644 SAS FH change, % 205,8865 1,96E-45
rs2295644 EUR FH change, % 224,6866 1,62E-49
rs2295644 EAS FH change, % 252,7167 1,33E-55
152295644 AMR FH change, % 201,1632 2,08E-44
rs2295644 AFR FH change, % 384,9919 2,51E-84
rs2310991 EAS FH levels in response to Hydroxyurea treatment 9,728914 0,007716
rs2387634 EAS FH and FH response to Hydroxyurea inf 0
rs2693430 EUR FH and FH response to Hydroxyurea 369,1575 6,89E-81
rs2693430 AFR FH and FH response to Hydroxyurea 52,07308 4,93E-12
rs2693430 AMR FH and FH response to Hydroxyurea 227,9695 3,14E-50
rs2693430 EAS FH and FH response to Hydroxyurea 235,4426 7,49E-52
rs2693430 SAS FH and FH response to Hydroxyurea 188,1194 1,41E-41
rs334 AMR sickle cell anemia inf 0
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rs334 AFR
rs380620 SAS
rs380620 EUR
rs380620 AFR
rs380620 AMR
rs4671393 EAS
rs4671393 AFR
rs4671393 SAS
rs4671393 AMR
rs4671393 EUR
rs4895441 EAS
rs4895441 EUR
rs4895441 SAS
rs4895441 AMR
rs4895441 AFR
rs5006884 SAS
rs5006884 AFR
rs5006884 EUR
rs5006884 AMR
rs5006884 EAS
rs61743453 AFR
rs61743453 AMR
rs7309163 AMR
rs7309163 AFR
rs7309163 EUR
rs7309163 SAS
rs7309163 EAS
rs7557939 EAS
rs7557939 AMR
rs7599488 AMR
rs7599488 AFR
rs7599488 EUR
rs7599488 EAS
rs816361 AFR
rs816361 AMR
rs816361 EAS
rs816361 SAS
rs816361 EUR
rs9319428 AFR
rs9693712 EAS
rs9693712 AFR
rs9693712 AMR
rs9693712 SAS
rs9693712 EUR

sickle cell anemia
FH and FH response to Hydroxyurea
FH and FH response to Hydroxyurea
FH and FH response to Hydroxyurea
FH and FH response to Hydroxyurea
Basal Levels of FH
Basal Levels of FH
Basal Levels of FH
Basal Levels of FH
Basal Levels of FH
Basal Levels of FH
Basal Levels of FH
Basal Levels of FH
Basal Levels of FH
Basal Levels of FH
Regulation of HbA2 level
Regulation of HbA2 level
Regulation of HbA2 level
Regulation of HbA2 level
Regulation of HbA2 level

FH levels in response to Hydroxyurea treatment
FH levels in response to Hydroxyurea treatment

FH and FH response to Hydroxyurea
FH and FH response to Hydroxyurea
FH and FH response to Hydroxyurea
FH and FH response to Hydroxyurea
FH and FH response to Hydroxyurea
Basal Levels of FH
Basal Levels of FH

Basal Levels of FH

Basal Levels of FH

Basal Levels of FH

Basal Levels of FH
FH and FH response to Hydroxyurea
FH and FH response to Hydroxyurea
FH and FH response to Hydroxyurea
FH and FH response to Hydroxyurea
FH and FH response to Hydroxyurea

FH and FH response to Hydroxyurea

FH and FH response to Hydroxyurea
FH and FH response to Hydroxyurea
FH and FH response to Hydroxyurea
FH and FH response to Hydroxyurea

FH and FH response to Hydroxyurea

669,7165
29,99445
53,55173
248,4805
106,0345
27,43307
24,83807
179,2484
32,2236
136,5117
351,4358
367,4829
463,6068
305,5343
661,9941
354,6249
407,6082
372,5312
268,4789
461,0498
728,4883
inf
225,011
44,29208
268,9595
234,6203
272,7217
511,0362
14,76837
87,10243
451,5556
184,4137
18,26966
508,6557
251,5265
316,4722
378,6624
339,2567
6,132478
323,1362
470,8223
104,695
48,71858
13,89978

3,7E-146
3,07E-07
2,35E-12
1,1E-54
9,44E-24
1,1E-06
4,04E-06
1,19E-39
1,01E-07
2,27E-30
4,86E-77
1,59E-80
2,1E-101
4,51E-67
1,8E-144
9,87E-78
3,08E-89
1,28E-81
5,02E-59
7,7E-101
6,5E-159
0
1,38E-49
2,41E-10
3,95E-59
1,13E-51
6,01E-60
1,1E-111
0,000621
1,22E-19
8,8E-99
9,02E-41
0,000108
3,5E-111
2,41E-55
1,9E-69
5,95E-83
2,14E-74
0,046596
6,79E-71
5,8E-103
1,84E-23
2,64E-11
0,000959

The values of the Chi-square and p for HWE calculation of SNP in the studied populations. All presented SNP present statistical significance.
The SNP rs11886868, rs2182008, rs380620, and rs7599488 present disequilibrium in 4 populations, and the rs2310991 (EAS), rs2387634
(EAS), rs334 (AMR, AFR), rs61743453 (AMR, AFR), rs7557939 (EAS, AMR), rs9319428 (AFR), present disequilibrium in one or two popula-
tions. Mentioned SNPs are presented in Bold. (FH: Fetal hemoglobin; AFR: African Population; SAS: Population of South Asia; AMR: American
Population; EUR: European Population; EAS: East Asian Population)

ebitoriaL_qiku



ORIGINAL ARTICLE

Figure 1. Frequency of
the mutation rs 334 in the
analyzed population.

ved between the different characterized populations
(See figures 1, 2 and 3). As expected, the mutation rs
334, the main etiological component of SCA, is highly
prevalent in the African population and has a much
lower prevalence in the American population (figu-
re 1).

Regarding the SNPs described for FH Levels in res-
ponse to treatment with Hydroxyurea, it can be seen
(figure 3) that the mutant allele of the SNP rs61743453
is present in the African population, unlike the rest of

Sickle Cell Anemia - B. Cayupe et al

the populations. In purple, we can see that the SNP
rs2310991 is found in the five categorical groups stu-
died. However, it presents a higher frequency of appea-
rance in the African population.

III. Logistic correlation and automatic classification

A logistic regression model was applied to classify
the studied populations automatically. In this context,
it is essential that the logistic regression successfully
organized genomic information between African and
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Figure 2. Frequency of the mutant alleles of the SNPs associated with basal levels of Fetal hemoglobin (FH).
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1.0

Fetal Hemoglobin and Fetal Hemoglobin response to hydroxyurea
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0.4
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0.2

0.0 .
AFR AMR

== 1510483801
== 152182008
rs9319428
rs3751395
== 2387634
== 1510494225
rs7977109
rs816361
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== 1s8002446
rs826729
rs765587
= 159693712
w 15172652
rs380620
rs2693430
= 5121556519

EAS "EUR  SAS
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Figure 3. Frequency of the mutant allele of the SNPs associated with the response to treatment with Hydroxyurea.

non-African categories. In the other populations, the
logistic regression could identify the correct absence of
the definite population (0). Still, it could not correctly
assign the category population in other different from
the African group. The logistic regression was applied
using SNPs related to the diagnosis, prognosis, and
treatment associated with SCA.

In table 2 is possible to observe that the logistic re-
gression model applied to data belonging to African
population could be helpful to predict if a person with
SNPs involved in response treatment with Hydroxyu-
rea, basal levels of FH, regulation of the hemoglobin
subunit alpha 2(HbA2) level and percentage of change
of FH levels could be classified as an African (or with
some genetic origin related to African population)
with a precision of 89% to predict value 1. In the other
cases, the model could not classify them as American
Population, European Population, East Asian Popu-
lation, or the Population of South Asia. However, the
model was correct when the groups did not belong to
one of these population groups. Seemingly, the pre-
sence of selected SNP; involved in a better prognosis
of SCD according to previous descriptions, appears
frequently related to a possible African ethnic origin,
unlike other populations where malaria is also found.
These SNPs could be a potential fitness improvement
in ancestral populations with SCD or other hemoglo-
binopathies. It could be interesting to evaluate subpo-
pulations already described in the 1000 genomes pro-
ject (currently under work).

Discussion

Marked differences in the population frequency of
the polymorphisms analyzed between different popu-
lations were observed. This differential frequency in
clinically relevant SNPs is important for personalizing
medical treatments. This information could be used
to construct personalized public policies based on the
population genomic information accessed in different
databases'. Currently, there are abundant methods
that will enable the reduction of costs associated with
sequencing and characterizing the profile of polymor-
phisms in a patient. They have mainly been applied
to the detection of mutations related to the diagnosis
and prognosis of SCA'S, presenting higher indices of
sensitivity and accuracy compared to classical techni-
ques such as high performance liquid chromatography
(HPLC). However, these technologies are not yet mas-
sive. Several advances in technology and techniques
have made sequencing more affordable and accessible.
These methods include next-generation sequencing
(NGS) technologies and high-throughput genotyping
platforms, which allow for more efficient and cost-
effective analysis of genetic variations and polymor-
phisms in patients.

Additionally, there are databases with population
information on SNP profiles. In this context, the lite-
rature has demonstrated in retrospective studies the
benefit of polymorphism typing in patients diagno-
sed with SCA"". One study identified the possibility
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Table 2. Classification of genomic information between populations: African (AFR), American (AMR), East Asian (EAS),
European (EUR), and South Asian (SAS) using a logistic regression model.

Population Precision Recall f1-score Support
AFR 0 0.78 0.99 0.87 21014
1 0.89 0.25 0.39 7894
Accuracy 0.79 28908
Macro avg 0.83 0.62 0.63 28908
Weighted avg 0.81 0.79 0.74 28908
AMR 0 0.88 1.00 0.94 25538
1 0.00 0.00 0.00 3370
Accuracy 0.88 28908
Macro avg 0.44 0.50 0.47 28908
Weighted avg 0.78 0.88 0.83 28908
EAS 0 0.80 1.00 0.89 22983
1 0.00 0.00 0.00 5925
Accuracy 0.80 28908
Macro avg 0.40 0.50 0.44 28908
Weighted avg 0.63 0.80 0.70 28908
EUR 0 0.79 1.00 0.88 22775
1 0.00 0.00 0.00 6133
Accuracy 0.79 28908
Macro avg 0.39 0.50 0.44 28908
Weighted avg 0.62 0.79 0.69 28908
SAS 0 0.80 1.00 0.89 23162
1 0.00 0.00 0.00 5746
Accuracy 0.80 28908
Macro avg 0.40 0.50 0.44 28908
Weighted avg 0.64 0.80 0.71 28908

AFR: African Population; SAS: Population of South Asia; AMR: American Population; EUR: European Population; EAS: East Asian Population

Table 3. Number of Male and Female distributed in every of better targeting SCA’s pharmacological treatment
ethnic group analyzed by characterizing the SCA-associated mutations’ pro-

file. Regarding the treatment of SCA, personalization

Populations gender Sl sample of drug treatment has been made difficult by the low
HIFR F Iz 342 number of drugs available. This means that all patients
b LEEs e receive Hydroxyurea as the primary drug. In recent

AMR F 6549 177 years, new drugs have appeared to treat SCA; for exam-
M 6290 170 ple, crizanlizumab and voxelotor have been approved

EAS F 9620 260 by the FDA and EMA organizations. Voxelotor corres-
M 9028 244 ponds to an HB modulator that inhibits the polymeri-

zation of Hemoglobin S, favoring the oxygenated sta-

EUR F 9731 263 tus of HB. After the finishing of the Clinical trial phase
M 8880 240 111, Voxelotor demonstrated the reduction of vaso-

SAS F 8473 229 oclusive events and hemolotyc indices®. Voxelotor has
M 9620 260 been described as particularly useful for patients over

ALL F 47027 1271 12 years old and with SCD resistant to hydroxyurea
M 45621 1233 treatment*"?2. Crizalizumab is a monoclonal antibody

92648 2504 against P-selectin, a protein involved in the adhesion

expressed in the endothelium. The partial blockade of
P-selectin makes difficult the formation of aggregates
between platelets and leukocytes, diminishing the for-

AFR: African Population; SAS: Population of South Asia; AMR: Ameri-
can Population; EUR: European Population; EAS: East Asian Population.
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mation of vaso-oclusive events”. With the appearan-
ce of these new drugs, the importance of having tools
that identify polymorphisms in population groups and
improve the personalization of medical treatments for
SCA and other pathologies is highlighted. However,
efforts to personalize SCA treatment with Hydroxyu-
rea have been described in the literature by calculating
and adjusting individual specific doses***.

Databases have been established that will allow
information on SCA and other hemoglobinopathies
to be stored. The mentioned databases are beneficial
for establishing the personalization of treatments aga-
inst SCA*. Some examples of personalization of SCA
treatment have been carried out by characterizing po-
lymorphisms associated with the response to treatment
with Hydroxyurea in pediatric patients’ . Several stu-
dies have tried to identify which population of patients
will improve much in terms of FH levels. Interestingly,
many patients already had higher Basal FH and presen-
ted many SNP in the BCL 11A, HMIP (HBS1L-MYB
intergenic polymorphism), and HBG2 genes’’. The
BCL 11A gen codifies for a zinc finger protein, trans-
cription factor. The BCL11A gen is associated with the
development of several lymphoid malignancies®. The
HMIP names an array of SNPs in the intergenic region
of the genes HBSIL (a G-protein/elongation factor)
and the MYC oncogene®. In this context, one exciting
approach corresponds to applying pharmacokinetic
measurement to define a particular individual dose®.
In this context, The SNPs related to the metabolization
of Hydroxyurea and included in this study are signifi-
cant to identify, and through this approach improved
the pharmacogenetics profile of the individual doses’
definition of Hydroxyurea®*.

Currently, processes such as migratory changes and
further modifications in the ethnic matrix have gene-
rated the need to establish public policies for neonatal
analysis for SCA in communities where they were not
performed before”. For example, it has been described
in the literature that some haplotypes of SCA could co-
segregate and potentially be associated with different
FH levels® %,

Based on the evidence presented in our work, it
would be desirable and oriented toward personalizing
medicine to extend neonatal detection to a complete
set of polymorphisms, mostly SNPs and potential ha-
plotypes of interest, with diagnosis and treatment pur-
poses. The early genetic profiling could be oriented to
each population or ethnic group of interest, families
with at least one member affected member, or children
at risk. It is considered that there is a need to improve
the detection technology of SNPs, allowing the simul-
taneous detection of multiple mutations relevant to
SCA. Most public health efforts to establish neonatal
studies only detect the etiological mutation of SCA*.
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One of the many complications of SCA is infec-
tions. Particularly in countries of high income, the
mortality of children with SCA diagnosis is similar to
patients without the diagnosis’’. However, in African
countries, only 50% of children with SCA survive*.
Infections are mainly an environmental factor; interes-
tingly, important differences are found in several SNP
related to the metabolization of antibiotics and seve-
ral drugs used to treat SCD (currently under work).
Pharmacogenomics for other conditions concomitant
with SCA has not been described. Some observational
studies suggest that patients with SCA diagnosis suffer
a particularly severe infection of COVID-19 and den-
gue fever*=!. Also, it is essential to personalize the SCA
treatment and the complete characterization of the ha-
plotype of the Hemoglobin subunit beta (HBB) gene?.
Five different haplotypes of mutant HBB subunit
beta (B S HBB) have been described, including Benin
(BEN), Senegal (SEN), Arab/India (AI), Bantu (BAN),
and Cameroon (CAM)* Is of FH and a mild phenoty-
pe’. While patients with the BEN and CAM haplotypes
had severe and mild phenotypes, respectively™. Inter-
estingly, regarding SCA, many modifiers and cofactors
have been described. One of the most important is the
co-presence of a-thalassemia. Currently, it is estima-
ted that 30-35% of the patients with an SCD diagnosis
are heterozygous (aa/a-), with 3-5% homozygous for
the deletion (a-/a-)%*>* for a-thalassemia. The simul-
taneous presence of c-thalassemia is a fundamental
issue because patients with SCA diagnosis and the
o-thalassemia deletion had a better prognosis’. Regar-
ding the logistic regression analysis, it is highlighted
that the model could correctly assign really positive
and negative characterize values when the African po-
pulation was analyzed. In other words, it could be said
that the SNPs profile analyzed shows a particular asso-
ciation with the African ethnic group.

In summary, the phenotype and severity of SCA
have many multi-genic factors. Applying the earliest
possible genomic screening is important for the ade-
quate future application of precision medicine in diag-
nosing and treating SCA. The emergence of genomics
as a central discipline for developing personalized me-
dicine raises hope for better treatment of SCA and SCD
in general. This viewpoint could be potentiated by in-
corporating “omic” information, including proteo-
mics, lipidomics, metabolomics, transcriptomics, and
microbiomics, in unraveling SCA’s physiopathology.
Currently, there are no studies in our country on the
presence of relevant mutations for SCA; however, the-
re are epidemiological reports in populations of Cen-
tral America and South America. In the population of
pediatric patients from Haiti, various studies have es-
tablished the presence of SCA. Studies on immigrants
from Haiti to the United States identified the presence
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of hemoglobin S and hemoglobin C in pediatric pa-
tients in 8.0% and 4.7%, respectively®’. Another study
has established the prevalence of these mutations at
0.58% for the homozygous mutant and approximately
13% for heterozygous carriers. Interestingly, the evi-
dence would point to establishing that the prevalence
of SCA in the Haitian population would be twice that
of ethnic groups in sub-Saharan Africa®. Currently,
according to census information and the Jesuit mi-
grant service, there are approximately 200,000 people
of Haitian origin in Chile®. Very few studies have
analyzed the prevalence of SCA in South American
countries, particularly in Venezuela; it was estimated
that the prevalence in new births with SCA would be
approximately 0.10% and heterozygous carriers of the
mutation would be approximately 3.5%. Currently,
in Chile, there are approximately 500,000 Venezuelan
migrants. Therefore, it is important to highlight that
the migratory processes will modify the population in
our country, and in the future, there will be increasing
pressure on the health systems related to the early de-
tection of this disease.

Conclusion

Considering the statistical analysis performed and
the result obtained, it is concluded that several signi-
ficant SNPs related to the diagnosis, prognosis, and
treatment of SCA are particularly correlated among
different ethnic groups. It is our firm belief that with
focalization in high-risk patients, also with a family
history of hematologic alteration among other groups,
the advance in the identification of essential SNPs, like
the group mentioned in this study, and the characteri-
zation of the haplotype in patients with SCA and SCD
will improve the responses to treatment and should be
a priority, particularly in the public health system of
our country, oriented to high priority ethnic groups or
high-risk patients.
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