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ABSTRACT
The reference intervals for leukocytes and lymphocytes currently used by most clinical laboratories present
limitations as they are primarily derived from individuals of North American and European origin. The
objective this study was to determine reference values for peripheral blood B lymphocytes, T lymphocyte
subsets (CD4+, CD8+, naive, memory, regulatory, TCRaf3 and TCRyd+) and NK cells from blood donors
in Salvador-Bahia, Brazil. Results: The proportion of included male subjects was 73.7% and the median
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ages of males (34) and females (35) were found to be similar. Absolute counts total lymphocytes subsets to
both gender was 1,956 (1,060-4,186) cells and relative values 34%. The T CD4+ and T CD8+ lymphocytes
relative values was 51% (20-62) and 24% (9-28), respectively. The most statistically significant finding
observed was a higher percentage of B lymphocytes (p=0.03) in females. Commonly cited subset reference
intervals were found to be consistent with values in several populations from different geographic areas.

Key words: lymphocyte subsets, reference values, flow cytometry, Brazil, blood donors.

INTRODUCTION

The quantification of diverse cellular subpopulations
facilitates the monitoring of infectious, autoimmune
and hematologic diseases. Reference intervals
obtained from CD4" and CD8" T lymphocyte subsets
in HIV-infected patient populations have been made
available worldwide, thereby allowing for improved
monitoring as well as optimized therapeutic strategies
for AIDS patients (Buclin et al. 2011). Recently,
the identification of markers that characterize
cellular subpopulations has allowed for a more
comprehensive understanding of the natural course
and immunopathogenesis of some autoimmune and
infectious diseases. The function ofnatural T regulatory
cells, which express Foxp3 (forkhead box P3) and
CD25%, is to suppress the activation, proliferation and
functions of immune system effector cells (Belkayd
2007). Variations in the proportions of regulatory
T cells in peripheral blood have been described in
patients with allergies, as well as those suffering from
autoimmune diseases, including polyendocrinopathy
and Wiskott-Aldrich syndrome (Ochs et al. 2007),
infectious diseases, such as tuberculosis (Yeh 2010),
AIDS (Sachdeva et al. 2010), infectious dermatitis in
association with HTLV-1 (Magalhaes et al. 2011) and
candidiasis (Torgerson et al. 2007). The subtype of
T lymphocytes carrying the gamma delta receptor is
more commonly found in mucous membranes, while
the proportion of these cells in peripheral blood ranges
from 1-5% (Bottino et al. 1988). Higher percentages
of these cells have been described in individuals
exhibiting resistance, as well as protective immunity,
to Mycobacterium tuberculosis and Mycobacterium
leprae, in comparison to those susceptible to these
infections (Barnes et al. 1992). On the other hand,
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active tuberculosis and HIV-infected individuals (with
or without tuberculosis) have a reduced number of V52
T cells in comparison to healthy individuals (Bisset et al.
2004). Since the literature contains limited information
regarding lymphocyte subset reference intervals
obtained from healthy populations, the establishment of
relevant reference values could result in a considerable
contribution to the diagnosis, prognosis and monitoring
of infectious, inflammatory (autoimmune and allergic),
hematologic and neoplastic diseases.

Brazil, the largest country in Latin America,
possesses
Brazilian ethnicity, or ethnic composition, is the result

the world’s fifth-largest population.
of complex mixing between individuals of European,
Amerindian and African origin. The city of Salvador,
located in the northeastern state of Bahia, was Brazil's
first capital and home to many European immigrants,
as well as a principal port for transporting slaves from
Africa beginning in the sixteenth century. In order to
attempt to elucidate reference values for peripheral
blood leucocytes, particularly lymphocyte subsets,
the present study evaluated a population sample of
healthy blood donors from this region.

METHODS
STUDY DESIGN AND POPULATION

A cross-sectional study was conducted at the
Bahia Hematology and Hemotherapy Foundation
(HEMOBA) in the city of Salvador—Bahia, Brazil.
HEMOBA is the largest public hemotherapy center
in northeastern Brazil, with an average of 6,000
blood donor visits per month from Salvador and
other regions of the state. HEMOBA accepts blood
donations from individuals who are healthy in
appearance, between the ages of 18-60, not taking
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medication and who have a proportionate height/
weight ratio, normal levels of blood pressure, pulse
rate and hemoglobin, no past history of disease,
no cough, fever or infection. All included study
participants underwent a clinical evaluation and
answered a questionnaire with specific questions
pertaining to epidemiological and clinical criteria.
All blood samples were collected in EDTA tubes
and were screened, within two hours of storage at
room temperature, for human immunodeficiency
virus (ELISA, MUREX Ag/Ab HIV combination,
Dartford, Kent, England), human T-cell lymphotropic
virus (HTLV) (HTLV I & II-Abbott-Murex, Dartford,
Kent, England), hepatitis B virus (Anti-HBc, Bio-
Rad, Monalisa anti-HBc¢ Plus—Marnes-la-Coquette,
France and Murex HBsAg V3—Abbott, Dartford,
Kent, England), hepatitis C virus (Hepanostika
HCV Ultra—Beijing United Biomedical Co. Ltd,
Shangai, China), Chagas disease (Gold ELISA
Chagas, Sao Paulo, Brazil) and syphilis (ELISA
Trepanostika™ TP, BIOMERIEUX BV-Boxtel,
Netherlands). All samples with positive serology for
any of these diseases were excluded in accordance
with guidelines established by the Brazilian Ministry
of Health. The present study was approved by the
institutional review board of the Federal University
of Bahia (UFBA) and written informed consent was
obtained from all study participants, who received
serological test and other exam results upon request.

LEUCOCYTE COUNTS AND IMMUNOPHENOTYPING

Leukocyte counts were performed using a
Sysmex SF-3000 automatic cell counter (Sysmex
Corporation, Mundelein, IL, USA). Morphometric
analysis was conducted under optical microscopy by

a hematologist at HEMOBA.

FLOW CYTOMETRY ANALYSIS

Direct immunofluorescence labeling was per-
formed using 100 puL of whole blood samples
incubated with monoclonal antibodies for 30 min.
at room temperature. Erythrocytes were subse-

quently lysed with fluorescence-activated cell
sorting (FACS) lysing solution (BD Biosciences
Immunocytometry Systems, San Jose, CA). Cells
were then washed three times in 2 ml of phosphate-
buftered saline (PBS) pH 7.4 containing 1% bovine
serum albumin. After the final wash, cells were
fixed in PBS containing 4% paraformaldehyde.
T lymphocyte subsets, B lymphocytes and NK cells
were quantified using a phenotypic profile described
in Table I. Analyses were performed using a BD
FACSCalibur flow cytometer and CellQuest™
software (BD Biosciences, San Jose, CA). No less
than 105 events were analyzed per sample.

STATISTICAL ANALYSIS

Data are represented in terms of median values
(interquartile ranges). Mann—Whitney U test was
employed to compare differences among males and
females. SPSS Statistical Software (Version 13.0, SPSS
Inc., Chicago, IL) was used to conduct data analysis.
The protocol was approved by the Ethical
Commitee from Maternidade Climério de Oliveira
Hospital, Federal University of Bahia. Informed
consent was obtained from the volunteers blood donors.

RESULTS

A total of 304 blood donors were evaluated and
15 were excluded due to positive serology results
following pathogen screening, resulting in an inclusion
of 289 individuals. Males predominated (73.7%) with
a median age of 34 (range: 18-59), similar to females
with a median of 35 (range: 18-53). Previous treatment
for parasitic diseases was reported in 24.9% (males)
and 35.5% (females), while allergy history was found
to be similar in both sexes (approximately 15%).The
proportion of men who reported sleeping less than
eight hours per night (21.1%) was higher than in
women (5.3%; p=0.002). More men reported a history
of smoking and regular alcohol consumption, yet these
findings were not statistically significant. Median
WBC counts, as well as neutrophil, monocyte and
eosinophil subsets are shown in Table I1.
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TABLE I

Conjugate monoclonal antibodies

Lymphocyte subset

FITC (clone)

PE (clone)

PE-CYS (clone)

Naive T CD4+ CD45RA (HI100)
Naive T CD8+ CD45RA (HI100)
Memory T CD4+ CD45RO (UCHL1)
Memory T CD8+ CD45RO (UCHL1)
T regulatory CD25hi (M A251)
T CD4+ TCR af TCRof (T10B9.1A-31)
T CD8+ TCR af TCRof (T10B9.1A-31)
TCD4+ TCR yd TCR v (B1)
LTCD8+ TCR vd TCR v (B1)
B CD20 (2H7)
NK

CD3 (HIT3a)
CD3 (HIT3a)
CD3 (HIT3a)
CD3 (HIT3a)

CD4 (RPA-T4)
CD3 (HIT3a)
CD3 (HIT3a)
CD3 (HIT3a)
CD3 (HIT3a)
CD19 (HIB19)
CD56 (B159)

CD4 (RPA-T4)
CD8 (HITSa)
CD4 (RPA-T4)
CD8 (HITSa)

CD4 (RPA-T4)
CDS (HIT8a)
CD4 (RPA-T4)
CDS (HIT8a)

CD16 (3G8)

FITC: Fluorescein isothiocyanate; PE: Phycoerythrin; PE-CY5; Phycoerythrin-Cy5.
All monoclonal antibodies were obtained from BD.

TABLE II
White blood cell (WBC) and WBC subset counts from blood donors from northeastern Brazil.

Cell subset Male Female P
cells/ mm3 % cells/ mm3 %
WBC 5,900 ( 3,231-10,405) 6,245 (3,275-11,551)
Neutrophils 3,115 (1,270-6,625) 54 (32-72) 3,580 (1,411-7,910) 58 (33-76) | <0.05
Lymphocytes 1,935 (1,060-3,380) 34 (17-57) 1,975 (1,132-4,186) 33 (14-55)
Monocytes 400 (163-1,636) 6 (3-13) 335 (138-673) 5(3-13) <0.05
Eosinophils 195 (40-1,636) 5(0.7-19) 155 (19-2,146) 3(0.3-23) | <0.05
Basophils 30 (3-70) 1(03-1) 30 (0-123) 1(0-1)

Data represent median values (2.5 and 97.5" percentile) reference intervals.

p <0.005 Mann-Whitney U-test.

No statistically significant differences were found
in any of these cell counts when comparing among
male and female blood donors. Table III describes
the reference values obtained from lymphocyte
subpopulations. No statistically significant differences
were detected between sexes with respect to the
proportions of lymphocyte subsets, the only exception
being a higher proportion of B lymphocytes in females
compared to males (Table I1I).

DISCUSSION

In contrast to previous studies, which have primarily
focused on isolated T cell subsets, the present study
represents the first attempt to establish lymphocyte
subset reference intervals from peripheral blood
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samples in healthy blood donors from northeastern
Brazil, specifically with respect to naive and
memory CD4" and CD8" T cells, as well as to
arpapera and yoppadeito T lymphocyte and
CD25" T lymphocytes. The subset values of naive
and memory CD4" and CD8" T lymphocytes were
found to be lower than those established by Bisset
et al. in healthy adults from Switzerland (Bisset et
al. 2004). However, these authors used different
markers to quantify naive CD4" T lymphocytes.
The percentage of regulatory T cells was around
2-5% of CD4" T lymphocytes, as was previously
described in other populations (Bottino et al. 1988,
Hirahara et al. 2006, Borrego et al. 2007). The
values of B lymphocytes and NK cells obtained
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TABLE III
Proportion of B-lymphocytes, NK cells and T-lymphocyte
subsets from blood donors from northeastern Brazil.

% of total lymphocytes

Lymphocyte subsets Male Female P
Naive T CD4+ 19 (11-27) 17 (8-34) 0.082
Memory T CD4+ 19 (12-33) 21 (13-37) 0.205
Naive T CD8+ 11 (3-23) 11 (3-20) 0.297
Memory T CD8+ 7(3-17) 8 (4-22) 0.289
T CD4+ TCR of}* 51 (20-63) 52 (38-62) 0.644
T CD8+ TCR af* 24 (9-25) 24 (18-28) 0.070
T CD4+ TCR v6* 3(1-4) 3(1-4) 0.078
T CD8+ TCR yd* 2(1-2) 2(1-2) 0.708
B Lymphocytes 8 (3-19) 11 (3-26) 0.019
NK cells** 13 (2-28) 15 (3-27) 0.372
Treg cells*** 5(4-9) 4 (2-8) 0.861

Data represent median (2.5" - 97.5" percentiles) reference intervals from 158 individuals
(112 male and 46 female). Treg: Regulatory T cells (CD4*, CD25hi"). Data available
for 116 individuals (78 male and 38 female). ** Data available for 128 individuals (94
male and 34 female). *** Data available for 47 individuals (31 male and 16 female).

2<0.005 Mann-Whitney U-test.

in the present study were also similar to those
described in populations with diverse genetic
backgrounds from Italy (Santagostino et al. 1999),
Ethiopia(Tsegaye et al. 1999), Switzerland (Bisset
etal. 2004), Iran (Shahghasempour et al. 2001) and
Asia (Lee et al. 1996). Furthermore, the present
study successfully established reference intervals
for populations of T lymphocytes with receptors
af and yd in peripheral blood, which is noteworthy
as most studies evaluate these particular subsets
exclusively in compartments, such as infiltrated
tumors, solid tumors or in bronchoalveolar lavage
(Han et al. 1997, Ferreira et al. 2000). Leukocyte
subset reference intervals derived from peripheral
blood in a sizeable population may prove useful
in immunological or infectious disease modeling,
as well as in the monitoring of patients suffering
from these illnesses.

Total leukocyte and subset counts were found
to be consistent with reference values established
by three large-scale clinical laboratories in Brazil,
located in Sdo Paulo, Rio de Janeiro and Salvador
(Failace 2003) as well as those confirmed in

populations of other countries, such as Uganda
(Lugada et al. 2004) and the UK (Wakeman et al.
2007). By contrast, the eosinophil counts herein
were found to be higher than those obtained by
two laboratories in Sdo Paulo and Rio de Janeiro,
the two largest and most affluent cities in Brazil
(data not shown). Lugada et al. (2004) reported
an increased number of eosinophils in Uganda
when compared to Western populations, as well
as in relation to other African populations residing
in Europe. In these regions, it is possible that the
eosinophil levels may vary in accordance with
rates of helminth infection. However, these authors
found no correlation between eosinophil counts
and elevated total anti-helminth IgE (Lugada et
al. 2004). In addition, a previous study involving
the same individuals included in the present
study found a high prevalence of seropositivity
to Toxocara spp., whose infection is known to be
highly associated with eosinophilia and total IgE
(Dattoli et al. 2011). Moreover, no association
between the variable of gender and cellular subset
proportions/counts was detected; for example, the
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total number of neutrophils in women was similar
to that of men, but different from those reported
by Ngowi et al. (2008) in Tanzania (Ngowi et al.
2009), as well as by Urquhart et al. (2008) in blood
donors from Jamaica (Urquhart et al. 2008).

The Brazilian population is considered to be
one of the most heterogeneous in the world. With
respect to the population of Salvador, 79.8% of
the population classify themselves as being of
African descent (IBGE 2010). An assessment of
the degree of populational mixing in Salvador
indicated that this population follows a tri-hybrid
model of ancestral contribution: 49% African, 44%
European and 7% Amerindian (Felix et al. 2010)
Interestingly, the elevated degree of mixing seems
to have had no influence on leucocyte reference
intervals or lymphocytes subset reference intervals.
Although a smaller number of leukocytes has
been described in populations of African descent
in comparison to Caucasians (Forbes et al. 1941,
Rippey 1967, Bain 1996, Pancham et al. 1999)
similar values were observed in Brazilian blood
donors from Salvador, as well as in reference
values provided by two laboratories in Sao
Paulo and Rio de Janeiro, cities with populations
containing higher proportions of Caucasians (data
not shown) than Salvador.

In conclusion, the present study successfully
established relevant lymphocyte reference inter-
vals, including important immunological subsets
rarely described in the literature, in peripheral
blood tri-hybrid
population in northeastern Brazil. In addition to

samples obtained from a
new reference values for cells expressing CD25,
TCRop and TCRyd, which were previously
unreported in peripheral blood, the values obtained
for commonly described subset reference intervals
(CD4", CD8", NK cells and B lymphocytes) were
found to be consistent with those reported in
several populations from a range of geographic
areas. The significant difference between gender
for B lymphocytes values was due higher total
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lymphocytes counts in females and proportional
distribution to B and T cells and has not significant
immunological expression. Further studies should
be carried out to validate these findings in other
populations of diverse ethnic composition.
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RESUMO

Intervalo de referéncias para leucocitos e linfocitos
atualmente utilizados pela maioria dos laboratérios
clinicos, apresentam limitagdes e sdo primariamente
derivados de individuos Norte-americanos e europeus.
O objetivo deste trabalho foi determinar os valores
de referéncias para linfocitos B e subpopulagdes
de linfocitos T (CD4+, CD8+, naive, memoria,
regulatorias, TCRap and TCRyd) e células Natural
Killers em doadores de sangue em Salvador-Bahia,
Brasil. Resultados: A propor¢ao de homens incluidos
foi de 73.7% e média de idade em homens (34) e
mulheres (35) foram similares. Para os linfocitos totais
foram encontrados em ambos os géneros, valores
absolutos na ordem de 1.956 (1.060-4.186) células
e 34% para média relativa. Para linfocitos T CD4+ e
T CD8+, os valores relativos foram de 51% (20-62)
e 24% (9-28), respectivamente. Os mais altos indices
de significncia estatistica encontrados foram alto
percentuais de linfocitos B (p=0,03) em mulheres.

Os resultados encontrados para outras populagdes
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celulares foram consistentes em relagdo a muitas

populagdes de diferentes areas geograficas.

Palavras-chave: Subgrupos de linfocitos, valores de refe-

réncias, citometria de fluxo, Brasil, doadores de sangue.
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