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Ancestry informative markers and complete blood count parameters in
Brazilian blood donors

Marcadores informativos de ancestralidade e parametros no hemograma de doadores de sangue
brasileiros

Gabriela E. S. Felix! A complete blood count is very useful in clinical diagnoses when reference ranges are
well established for the population. Complete blood counts and allele frequencies of
Ancestry Informative Markers (AIMs) were analyzed in Brazilians with the aim of
Taisa M. Bonfim’ characterizing the hematological values of an admixed population. Positive associations
Maria T. Bendicho® were observed between gender and neutrophils, monocytes, eosinophils, erythrocytes,
hemoglobin, hematocrit, MCV, MCHC and platelet counts. No significant differences
were found for age, alcohol consumption, educational status, ethnicity, smoking in
. respect to the complete blood count values. In general, men had higher red blood cell
Cldudio J. F. Branddo values, while women had higher values for white blood cells and platelets. The study of
Alex J. L. Torres’ the population was highly heterogeneous with mean proportions (+ SE) of African,
Carlos Brites’ European and Amerindian ancestry being 49.0 + 3.0%, 44.0 = 9.0% and 7.0 = 9.0%,

respectively. Amerindian ancestry showed limited contribution to the makeup of the
Eduardo M. Netto’ population, but estimated ancestral proportions were statistically significant (r = 0.9838;
Roberto Meyer" P<0.001). These hematologic values are similar to Afro-Americans, another admixed
Songeli M. Freire!! population. Rev. Bras. Hematol. Hemoter. 2010;32(4):282-285.
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A complete blood count (CBC) is one of the commonest
tests used in clinical diagnosis. The result of a CBC vary
depending on factors such as: age, gender, ethnicity and
smoking.'* Benign neutropenia is a common condition
associated to ethnicity as it is mostly described in African
descendants. These individuals also present with low platelet
and hemoglobin counts and high lymphocyte counts.*

Lugada et al.” reported regional variations in some
hematologic and immunologic indices between populations
in African and the industrialized West. Studies using
Ancestry Informative Markers (AIMs) showed that the
Brazilian population is one of the most heterogencous in
the world resulting from an admixture process that began
500 years ago chiefly between Africans, Amerindians and
Europeans.®” AIMs are molecular markers of geographical-
dependent distribution that have been used to estimate the
degree of admixture of populations and individuals.®

Thus, due to variations in hematological reference
values in Brazil, this study aims at evaluating the CBC and
estimating ancestry using AIMs of unrelated healthy
Brazilians.

Material and method

Study population

The study sample consisted of 289 (213 men and 76
women) subjects who donated blood at the Fundagdo de
Hematologia e Hemoterapia da Bahia (Hemoba), Salvador,
Bahia, Brazil, in 2006 and 2007. This research was approved
by the Maternidade Climério de Oliveira Research Ethics
Committee of the Universidade Federal da Bahia. All subjects
signed informed consent forms and answered a
socioeconomic questionnaire. These individuals were
unrelated and seronegative for Chagas disease, HAV, HBV,
HCV, HIV Iand II, HTLV I and II and Syphilis (data provided
by Hemoba). For DNA analysis, a random sample of 100
subjects (68 men and 32 women) was selected.

Blood counts

Venous blood samples were collected in a Greiner
Vacuette® K3EDTA tube during the morning shift. The CBCs
were performed in the Sysmex SF-3000 automated analyzer.
This counter was calibrated every day as recommended by
the manufacturer.

DNA Analysis

DNA samples were extracted using the Purigene® DNA
Isolation Kit (D-500 Gentra Systems). The APO, AT3-1I/D,
PV92, GC-1F, GC-1S and Sb 19.3 loci were analyzed as
described by Parra er al.’ and the LPL locus was analyzed as
described by Machado.”

Statistical Analysis
The computer programs SPSS,' Epilnfo 6.4d,
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GENEPOP'" and ADMIX'" were used to select the 100
random samples, to analyze the population genetics and to
estimate ancestry contribution. Independent variables
considered were alcohol consumption, number of schooling
years, self-defined ethnicity, gender, age and smoking. The
parental population allele frequencies used were those
described by Shriver et al.®

Results

Sample characteristics

Most participants were men (74%). The mean age was
34 years old (range: 18 to 59 years - SD 9.5). The majority of
the subjects interviewed identified themselves as black
(49.5%), and reported that they had never smoked (79.9%)
and occasionally consumed alcoholic beverages (47.4%).
Additionally most of the participants had completed high
school (62.6%).

Blood counts

The CBC values did not have normal distribution,
although the median and mean values were very alike, which
is a tendency to normal distribution (Table 1). There was no
association between alcohol consumption, number of
schooling years, age, ethnicity and smoking with blood
parameters (95% IC; P>0.05; Wilcoxon test). However,
positive correlations were found between gender and
neutrophils, monocytes, eosinophils, erythrocytes,
hemoglobin, hematocrit, MCV, MCHC and platelet counts
(95% IC; P<0.05; Wilcoxon test). Men presented with higher
red blood cell (RBC) parameters except for MCV and RDW
SD. While women presented with higher values for white
blood cell (WBC) parameters except for monocytes and
eosinophils. Both genders had similar values for basophil
counts. In addition, it was observed that women had higher
values for platelet parameters, except for PDW, MPV and
PLCR.

Admixture estimates

Analysis of all loci showed that the population was in
Hardy-Weinberg equilibrium (P = 0.56). An analysis of the
associations between loci gave a p-value > 0.05, which was
expected because the analyzed AIMs have different
chromosome locations. These results suggest that no specific
genetic structure is present in the population which is
attributable to a high level of heterogeneity. The population
admixture proportions were estimated based on a trihybrid
model of ancestry contribution. The mean ancestry
proportions (=SE) found were 49.0 + 3.0% African, 44.0 +
9.0% European, and 7.0 + 9.0% Amerindian. These results are
highly significant (r = 0.9838; p-value <0.001). Table 2 shows
the allele frequencies of the AIMs analyzed. The allele
frequencies of the African, Amerindian and European
populations were obtained from the study of Shriver ef al.?
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Table 1. Complete blood count by sex
Parameter Sex
Women (n= 76) Men (n= 123)
Percentage Mean Median + SD Percentage Mean Median + SD
Erythrocyte, x106/mL* - 4.56 4.54 +0.33 - 5.12 5.13+0.48
Hemoglobin, g/dL* - 13.10 13.23+0.95 - 14.80 14.83 +1.22
Hematocrit, %* - 39.85 40.36 £ 2.68 - 44.70 44.72 + 3.81
MCV, fL* - 89.40 88.28 + 7.41 - 87.70 87.50 + 4.69
MCH, pg** - 29.20 29.16 £ 1.62 - 29.40 28.98 +1.98
MCHC, g/dL* - 32.90 32.91+1.34 - 33.20 33.10+1.15
RDW SD, fL** - 40.85 40.54 £3.10 - 39.30 39.54 +3.35
RDW CV, %** - 13.30 13.39+0.62 - 13.30 13.42+0.70
Leukocytes, x103/ mL** - 6.24 6.67 + 2,14 - 5.90 6.17 £ 1.77
Neutrophils* 56.32% 3.58 3.86 + 1.68 53.35% 3.1 3.34+1.38
Monocytes* 5.82% 0.33 0.37+0.14 7.12% 0.40 0.43+0.18
Eosinophils* 3.97% 0.15 0.28 £ 0.45 5.26% 0.20 0.36 + 0.46
Lymphocytes** 33.35% 1.97 2.12+0.63 33.73% 1.94 2.00 +0.58
Basophils** 0.54% 0.03 0.03+£0.02 0.53% 0.03 0.03+0.02
Platelet, x1000/mL* - 271.50 280.54 + 57.96 - 240.00 243.19 + 49.37

PDW, fL** - 11.45 11.89+1.73 - 12.10 12.27 £ 1.67
MPV, fL** - 10.35 10.23 + 1.30 - 10.50 10.57 £ 0.91
PLCR, %** - 28.30 27.95+6.93 - 28.90 29.79 +£7.26

Note: Asterisks denote significant differences between sex and the hematologic parameter:

Table 2. Allele frequencies of the ancestry informative
markers analyzed

Ancestry Informative Markers - allele*1

Population
APO AT3 GC-1F GC-1S LPL PV92 Sb19.3
African 0.420 0.858 0.853 0.069 0.971 0.225 0.415
Amerindian 0.977 0.061 0.339 0.542 0.442 0.792 0.645
European 0.925 0.282 0.156 0.607 0.492 0.152 0.903
Brazilian 0.770 0.560 0.570 0.245 0.723 0.310 0.710

Note: The allele frequencies for parental groups were obtained from
the literature (Shriver et al. 2003)

Discussion

A strong association between blood counts and gender
was observed in this current study. In general, women had
higher values for the WBC and platelet parameters, while
men presented higher values for RBC parameters. These
finding are in agreement with previous studies (Note: see '*).
It trihybrid model (African, Amerindian and European) of
ancestral contribution was established based on DNA
analysis. A small contribution was observed for Amerindians
(7.0%) possibly due to convenience sampling and/or the

P<0.05%, P>0.05 **

sample size. Even so, a study performed by Machado’ also
found a small contribution by Amerindians (14.5%) compared
with African (49.2%) and European (36.3%) populations. The
hematological values, in particular the WBC parameters,
described here are more similar to those described by Beutler
& West® and Hsieh et al.* for Afro-Americans than those
described for Africans by Lugada et al.,’ who reported lower
values. The possible explanation for this is the high level of
admixture of the current population, which is probably similar
to the history of Afro-Americans. We also compared our
results with those described by Malvezzi & Pasquini®? from
the southern region of Brazil, and found that for the WBC
parameters the current work reports slightly lower values,
except for lymphocyte and basophil counts. All these findings
suggest that the other intrinsic (e.g. gender, immunologic
status, genetic) and extrinsic (e.g. environment, diet, lifestyle)
factors may, potentially, interfere with hematological counts.
Thus, in agreement with Beutler & West,? the establishment
of different reference ranges for different ethnic groups does
not solve the problem since all people represent a degree of
admixture. Moreover, the clinical diagnosis of one individual
should consider not only signs and symptoms but also the
age, gender, ethnic background, diet, smoking and alcohol
consumption, as these have been described in previous
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studies as factors that interfere in hematological parameters
as was also observed in this study with gender. These factors
should also be considered when establishing reference
ranges.

Moreover, we did not observe differences considering
age, educational status, alcohol consumption and smoking
with the blood parameters although this might be due to
convenience sampling. In this study, the main aims were
achieved; we observed a strong and significant association
between gender and blood parameters, and also demonstrated
that the Brazilian population is highly admixed. Nevertheless,
further research with a larger sample population might explore
differences between some other extrinsic/intrinsic factors and
blood counts in this admixed population.

Resumo

O hemograma é muito util no diagnostico quando o intervalo de
referéncia é adequadamente estabelecido para populagdo. Com o
objetivo de verificar os valores hematologicos em populagdo
heterogénea foi analisado o hemograma e frequéncias alélica de
marcadores informativos de ancestralidade de brasileiros. Foi
observada associagdo positiva entre sexo e os valores de
neutrofilos, monaocitos, eosindfilos, eritrocitos, hemoglobina,
hematocrito, MCV, MCHC e plaquetas (IC 95%, P<0,05). E ndo
houve diferencas entre idade, consumo de dlcool, nivel educacional,
etnia, tabagismo e os valores do hemograma (IC 95%,; P>0,05).
Os homens apresentaram valores maiores no eritrograma,
enquanto no leucograma e plaquetograma foram as mulheres.
Foi observado também que a populagdo é altamente heterogénea
e as médias proporcionais (£DP) de ancestralidade Africana,
Europeia e Amerindia estimada foram: 49,0+ 3,0 %, 44,0+ 9,0%
e 7,0+ 9,0%, respectivamente. A contribui¢do ancestral amerindia
se demonstrou pequena, mas a estimativa de propor¢oes ancestrais
foi estatisticamente significante (r = 0,9838; P<0,001). Os valores
hematologicos aqui descritos sdo parecidos com os descritos em
negros americanos, outra populagdo heterogénea. Rev. Bras.
Hematol. Hemoter. 2010,32 (4): 282-285.

Palavras-chave: Contagem de células sanguineas, doadores de
sangue,; marcadores genéticos.
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