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in Peripheral Blood of Healthy Cuban Adults
Elena Kokuina MD PhD, Martha C. Breff-Fonseca MD, Carlos A. Villegas-Valverde MD MS, Isabel Mora-Díaz MD

ABSTRACT
INTRODUCTION Quantification of lymphocyte subpopulations is useful for evaluating immune response in states of health and disease,
including immunodeficiencies, autoimmunity, infections and cancer.
Studies have found that concentrations and proportions of different
cell subpopulations vary with geographic location, age, sex and ethnicity. Knowing the normal values of these cells and their variation in
healthy populations will contribute to improved clinical practice and
scientific research.
OBJECTIVE Estimate normal absolute concentrations and percentages of the most abundant lymphocyte subpopulations in peripheral
blood and their relation to sex and age.
METHODS A cross-sectional analysis was conducted in 129 healthy
adults, 61 men and 68 women aged 18–80 years; 89 aged <50 years
and 40 ≥50 years. We included individuals who agreed to participate
by written informed consent. Exclusion criteria were chronic disease,
or use of tobacco, alcohol or medications that can alter immune system cell numbers and functions.
Through dual platform flow cytometry, we determined absolute and
percentage values for T lymphocyte subsets CD3+, CD3+/CD4+T,
CD3+/CD8+T, CD19+ B cells and CD3-/CD56+ natural killer cells
in peripheral blood, using an 8-color flow cytometer. We estimated
medians and the 2.5 and 97.5 percentiles and calculated the Pear-

INTRODUCTION
Quantification of lymphocyte subpopulations by flow cytometry
is considered the most exact and reliable procedure to assess
immunocompetence, which allows the body to maintain homeostasis against invading pathogens and the body’s own damaged
cells that would otherwise have adverse health effects. Numerous
diseases are associated with alterations in peripheral blood lymphocyte subpopulations, including primary or congenital immunodeficiencies, in which certain lymphocyte subpopulations are
absent or reduced; secondary immunodeficiencies including HIV
infection, which destroys the CD4+ T cell subpopulation; systemic
autoimmune diseases; infections; and cancer. Quantification of
lymphocyte subpopulations is necessary in these clinical conditions to establish diagnosis, and as a criterion of disease progression and treatment optimization.[1–3]
Normal or reference values of lymphocyte subpopulations obtained in several countries show association with ethnicity,

IMPORTANCE This study takes a first step toward
establishing normal values of the most abundant lymphocyte subpopulations in peripheral blood of healthy Cuban
adults using flow cytometry as a basis for more accurate
clinical diagnosis of immune disorders in Cuba.
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son correlation coefficient to evaluate associations. Significance tests
were also used to compare groups. The significance threshold was
p = 0.05 in all cases.
RESULTS Ranges of absolute values and percentages (%) were: total
lymphocytes: 1200–3475 cells/μL (20.2–49.3); CD3+ T cells: 880–2623
cells/μL (56.5–84.7); CD3+/CD4+ T cells: 479–1792 cells/μL (30.3–55.7);
CD3+/CD8+ T cells: 248–1101 cells/μL (13.2–42.9); CD19+ B cells: 114–
1491 cells/μL (5.4–49.5); CD3-/CD56+ natural killer cells: 70–652 cells/μL
(3.7–28.0); and the CD4+:CD8+ index: 0.80–3.92. Absolute numbers––
but not percentages––of lymphocytes and CD3+ T cells were higher in
those <50 years (p = 0.025 and 0.020, respectively). Absolute values and
relative percentages of CD3+/CD8+ and relative values of CD3+/ CD4+
T cells were significantly higher in the younger subgroup (p = 0.004 and
p = 0.047). Age was not associated significantly with B lymphocytes or natural killer cells. Absolute and relative values of CD3+/CD4+ T lymphocytes
were significantly higher in women (p = 0.009 and 0.036, respectively).
CONCLUSIONS. Absolute numbers of total lymphocytes and T and
CD3+/CD8+ T lymphocytes are higher in younger individuals. In percentage values, CD3+/CD4+ T lymphocytes are lower in older persons. Absolute and percentage values of CD3+/CD4+ T phenotype
are higher in women. These differences justify adjusting clinical analyses to different values by age and sex.
KEYWORDS T lymphocytes, B lymphocytes, normal values, flow cytometry, age, sex, Cuba

sociodemographic factors (including age and sex) and environmental factors such as exposure to infectious agents.[4–6 ] Interpretation of lymphocyte subpopulation data for clinical practice
requires establishing normal ranges for local populations. These
ranges have not been defined for the Cuban population.
The study objective was to estimate absolute and relative values
of peripheral lymphocyte subpopulations of CD3+, CD3+/CD4+,
CD3+/CD8+ T cells, CD19+ B cells, CD3-/56+ natural killer cells,
the CD4+:CD8+ index and the variation in their distribution by age
and sex in healthy Cuban adults.

METHODS
Design, subjects and sample A cross-sectional study was
conducted from January through April 2017 in 129 healthy
adults, 61 men and 68 women, aged 18–80 years, of whom
89 were <50 and 40 were ≥50 years. Average age was 43.5
for men and 37.8 for women. The proportion of men and women was similar in both age groups (p = 0.172). Participants
were hospital workers and patient companions recruited in the
clinical laboratory of the Hermanos Ameijeiras Clinical-Surgical
Teaching Hospital in Havana (HCQHA), Cuba. After agreeing to
participate on the basis of written informed consent, they completed a questionnaire requesting information on demographic
characteristics (age, sex, and schooling), lifestyle, medication
consumption and personal medical history. Subjects with the
following characteristics were excluded: present tobacco or alMEDICC Review, April–July 2019, Vol 21, No 2–3
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cohol use, treatment with immunosuppressive
and immunomodulatory drugs in the previous
six months, pregnant women, and those with
acute or chronic infectious diseases such as
HIV, hepatitis B, hepatitis C and tuberculosis;
chronic metabolic diseases; and cardiac, pulmonary, renal, cerebral, systemic, allergic and
neoplastic autoimmune diseases.

Figure 1. Gate strategy
a) Protocol design for T, B and NK phenotypes Starting point must be the dot plot, from
which coinciding events are eliminated and another plot is prepared to eliminate detritus.
This one, in turn, is used to construct the dot plot in which the lymphocyte region is defined.
From this region, plots are constructed to define the four subpopulations: T, B, CD4 +T,
CD8 +T and NK lymphocytes.

Peripheral blood samples were obtained by
antecubital venous puncture, collected in vacutainer tubes containing ethylenediaminetetraacetic acid (EDTA) as anticoagulant, and
processed by flow cytometry within four hours
following best laboratory practices. Absolute
and differential blood cell count was calculated
for all samples using an automated hematology analyzer (Horiba Medical, France).
Flow cytometry Lymphocyte subpopulations
were determined in whole peripheral blood,
lysed using a Versalyse buffer (Beckman Coulter,
France) without washing. For immunophenotyping using fluorochrome conjugated monoclonal
antibodies anti-CD45 AA750 (Clone J33), antiCD19-PC7 (Clone J3-119), anti-CD3 FITC (Clone
UCHT1), anti-CD4 PC5.5 (Clone 13B8.2), antiCD8 AA700 (Clone B9.11) and anti-CD56 PE
(Clone N901) (NKH-1), 100 μL of blood were
dispensed. Sample preparation was carried out
according to manufacturer guidelines.

b) Hierarchical matrix for reporting percentage distribution of lymphocyte
subpopulations

Lymphocyte subpopulations were characterized
by combining monoclonal antibodies for T, B and
NK cells:
T cells: (CD45+, CD3+); (CD45+, CD3+, CD4+);
(CD45+, CD3+, CD8+)
B cells: (CD45+, CD19+)
NK cells: (CD45+, CD56+, CD3-).
Sample collection was carried out with an 8-color Gallios flow cytometer (Beckman Coulter,
France), using Kaluza Acquisition software for Gallios, Version
1.0 (Beckman Coulter, France). For each sample, a minimum
of 10,000 events were collected (referring to number of cells in
the sample of lysed red blood cells passing the cytometer’s laser
beam for counting and analysis).
In each case, more than 4,000 events were obtained in the lymphocyte gate, characterized by high expression of CD45 and low
side-scatter complexity (SSC). Figure 1 shows the gate strategy
with a dot plot, which starts by eliminating doublets (cells passing the interrogation point in groups), followed by a plot removing artifacts and detritus (forward scatter vs. side scatter) and
from which the lymphocyte population was selected. Plots were
generated from this lymphocyte region by combining two of the
antigens expressed on the cell surface with separation by quadrants, allowing identification and determination of percentage of
subpopulations.
Data were analyzed with Kaluza Analysis software V 1.2 (Beckman Coulter, France). Absolute counts of lymphocyte subpopulaMEDICC Review, April–July 2019, Vol 21, No 2–3

(available in color online at:
www.mediccreview.org/gate-strategy)

tions were calculated by dual platform, from percentages obtained
by flow cytometry and lymphocyte counts obtained by hematological analyzer (Horiba Medical, Montpellier, France) using the
formula:
Absolute count (cells/μL) = Lymphocyte count (cell number/μL of
the blood count) x proportion of the cell subpopulation of interest
÷ 100.
Internal quality control was performed daily by checking the cytometer’s optical detector and aligning lasers and fluid systems
using Flow-SET Fluorospheres and Flow-Check Fluorospheres
(Beckman Coulter, France), respectively, according to manufacturer guidelines.
Statistical analysis Descriptive statistics were calculated for
absolute and relative frequencies, means, medians, standard
deviations (SD) and reference ranges of percentage and absolute values for each cell marker. The Kolmogorov-Smirnov
test was used to test the normal distribution of variables. RefPeer Reviewed
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erence ranges were defined as 2.5–97.5
percentiles. The Student t test was applied
for variables with Gaussian distribution and
the two-tailed Mann Whitney U test for independent samples to evaluate the influence of
sex and age on peripheral lymphocyte concentrations. Age association with cell values
was calculated using the Pearson correlation
coefficient. The significance threshold was
p = 0.05. Statistical analysis was done with
SPSS v 20.0 software for Windows XP.
Ethics The project was approved by the
HCGHA research ethics committee. All participants were asked if they were willing to
participate and joined the study only after providing written informed consent, in compliance
with the Helsinki Declaration.[7] The consent
form explained the importance of participating,
characteristics of the research, and possible
risks and benefits. Data storage adhered to
principles of confidentiality and data were deidentified. The selection of diagnostic means
followed principles of maximum benefit, the
ethics rule of do no harm, and best laboratory
practices.

Table 2: Lymphocyte subpopulation values (percentile 2.5–97.5, cells/μL) in selected
populations of healthy adults, by country
Cuba
(this
study)
n
Men/women
(n)
Age
(years: mean)
Age range
(years)
Technology/
platform
Lymphocytes
CD3+
T cells
CD3+/CD4+
T cells
CD3+/CD8+
T cells
CD19+
B cells
NK cells
CD4+:CD8+
index range

RESULTS

Brazil
(8)

Peru
(9)

Korea
(11)

Germany
(4)

Tanzania
(10)

129

641

318

294

100

274

61/68

404/237

197/121

139/155

50/50

143/131

41

33

30

47

43 a

29; 26 b

18–80

19–56 c

18–55

21–80

19–85

19–48

Gallios/
dual

FACS
Calibur/
single

Cytomics/
single

FACS
Calibur/
single

FACS
Calibur/
dual

FACS
Calibur/
dual

1200–3475 1257–4104

na 1178–3262 1140–3380 1168–3320

880–2623 1025–2904

818–2838

708–2294

780–2240

683–2106

479 –1792

540–1731

436–1510

394–1574

490–1640

406–1392

248–1101

263–1189

236–982

188–830

170–880

188–990

114–1491

na

151–730

57–461

80–490

109–637

70–652

na

139–789

91–682

80–690

123–801

0.80–3.92

na

0.84–3.06

0.77–4.42

0.9–5.0

0.83–3.19

Means, standard deviations, medians and refer- a: median; b: median of men and women respectively; c: Interquartile range; na: not available
ence ranges of absolute values and percentages
of lymphocyte subpopulations are shown in Table 1. Absolute val- Percentages and absolute values of cell subpopulations were
ues are expressed in number of cells per microliter and percent- related to age. Regression analysis showed that absolute lymages refer to relative frequencies of each subpopulation in relation phocyte counts (r = -0.265; p = 0.002), CD3+ T cells (r = -0.314;
p = 0.0001) and CD3+/CD8+ (r = -0.326; p = 0.0001) significantly
to total lymphocytes.
decrease with age; while the CD4+:CD8+ index significantly inTable 2 shows ranges of lymphocyte subpopulations in absolute creases (r = 0.263, p = 0.003)
numbers, age ranges and sex composition obtained for Cuban
adults in this study and in studies conducted in five countries, The total number of lymphocytes and other cells in the T cell comwhere differences can be observed in cell concentrations as well partment were associated with age, with lower absolute values
of CD3+ T and CD3+/CD8+ T cells in the older age group. The
as technologies and platforms used.
CD3+/CD4+ T cell fraction had higher concentrations in participants aged ≥50 years. CD19+ B lymphocyte and CD3-/CD56+
Table 1: Ranges for peripheral blood lymphocyte subpopulation
NK cell values did not change with age (Table 3).
values in healthy Cuban adults (N = 129)
Parameter

Mean
(SD)

Median

Percentile
range
2.5–97.5

Lymphocytes (cells/μL)
%

2177 (573)
33.8 (7.5)

2200
32.3

1200–3475
20.2–49.3

CD3+ T cells (cells/μL)
%

1579 (446)
72.6 (7.3)

1508
73.0

880–2623
56.5–84.7

CD3+/CD4+ T cells (cells/μL)
%

945 (292)
43.6 (7.0)

904
43.8

479–1792
30.3–55.7

CD3+/CD8+T cells (cells/μL)
%

583 (232)
26.7 (7.3)

540
26.0

248–1101
13.2–42.9

559 (368)
25.0 (12.8)

452
25.6

114–1491
5.4–49.5

297 (166)
13.7 (6.5)

256
12.7

70–652
3.7–28.0

1.81 (0.73)

1.73

0.80–3.92

CD19+ B cells (cells/μL)
%
CD3-/CD56+ NK cells (cells/μL)
%
CD4+:CD8+ index
SD: standard deviation
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Absolute numbers and percentages of CD3+/CD4+ T cells were
higher in women (p = 0.009 and p = 0.036, respectively). The
CD4+:CD8+ index had higher values in women (p = 0.043); there
were no differences by sex for CD3-/CD19+ B lymphocytes and
CD3-/CD56+ NK cells (Table 4).

DISCUSSION
This is the first study reporting normal absolute and percentage
values for T lymphocytes and their subpopulations, as well as B
lymphocytes and NK cells, in peripheral blood of healthy Cuban
adults. Because clinical diagnoses based on measures drawn
from local populations are more reliable, the study’s results are
a first step in the application of domestic data to diagnosis and
clinical management of Cuban adults with diseases causing alterations of peripheral lymphocyte subpopulations.
Some authors have demonstrated the influence of ethnicity and
certain sociodemographic characteristics on the composition of
MEDICC Review, April–July 2019, Vol 21, No 2–3
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Table 3: Absolute values and percentages of lymphocyte subpopulations in
healthy Cuban adults by age groups
Mean (SD)

Parameter

Percentile range
2.5–97.5

<50 years ≥50 years <50 years ≥50 years
n = 89

n = 40

n = 89

p

n = 40

Lymphocytes (cells/μL)
%

2257 (531) 2000 (626) 1300–3475 1200–3886 0.025
33.9 (7.4) 33.6 (7.9) 20.2–51.0 18.0–49.6
NS

CD3+ T cells (cells/μL)
%

1642 (433) 1441 (449)
72.7 (7.5) 72.5 (6.9)

859–2795
56.5–85.0

912–2625 0.020
55.3–83.3
NS

CD3+/CD4+ T cells (cells/μL)
%

959 (265)
42.7 (6.7)

913 (346)
45.5 (7.6)

472–1766
29.9–54.0

475–2125
NS
31.0–65.9 0.047

CD3+/CD8+ T cells (cells/μL)
%

620 (238)
27.1 (7.2)

501 (198)
25.6 (7.5)

248–1110
14.6–43.8

224–960 0.004
12.8–39.4
NS

578 (377) 518 (349)
24.9 (13.2) 25.3 (12.2)

126–1491
5.4–50.0

83–1640
4.6–54.7

NS
NS

B CD19+ cells (cells/μL)
%
NK cells CD3-/CD56+ (cells/μL)
%
CD4+:CD8+ index

305 (169)
13.6 (6.5)

281 (161)
14.0 (6.7)

67–652
3.7–27.0

76–760
3.0–31.6

NS
NS

1.72 (0.64)

2.0 (0.88)

0.75–3.56

0.79–4.70

NS

SD: standard deviation; NS: not significant

Table 4: Absolute values and percentages of lymphocyte subpopulations in
healthy Cuban adults by sex
Mean (SD)
Men
n = 61
Lymphocytes (cells/μL)
2093 (597)
%
32.6 (7.5)
CD3+T cells (cells/μL)
1521 (487)
%
72.5 (7.8)
CD3+/CD4 T cells (cells/μL)
875 (263)
%
42.2 (6.2)
CD3+/CD8+T cells (cells/μL)
594 (267)
%
27.8 (7.6)
CD19+ B cells (cells/μL)
570 (409)
%
25.6 (12.8)
NK cells CD3/CD56+ (cells/μL) 304 (146)
%
14.9 (6.6)
CD4+:CD8+ index
1.67 (0.61)

Women
n = 68
2251 (543)
34.9 (7.5)
1632 (402)
72.7 (6.8)
1007 (304)
44.8 (7.6)
574 (197)
25.7 (6.9)
550 (330)
24.5 (13.0)
291 (184)
12.7 (6.3)
1.93 (0.81)

Percentile range
2.5–97.5
Men
Women
p
n = 61
n = 68
1200–3445 1173–3755
NS
19.4–47.9 20.9–52.9
NS
863–2766 872–2695
NS
55.2–85.9 59.1–83.9
NS
484–1683 446–1977 0.009
28.7–54.7 30.0–61.9 0.036
202–1194 259–1031
NS
13.3–42.6 1 2.4–44.3
NS
84–1664 128–1229
NS
5.4–55.5 5.1–48.6
NS
63–612
74–856
NS
3.1–29.8 3.4–28.3
NS
0.76–3.39 0.78–4.54 0.043

SD: standard deviation; NS: not significant

lymphocyte subpopulations. Regional differences have been reported within large countries such as Brazil, China and India. [12–
14] When we compare lymphocyte values between our study and
those of other populations in America, Europe, Asia and Africa,
differences between countries are observed which could be attributed not only to biological or sociodemographic factors such as
age, sex and ethnicity, but also to environmental factors such as
exposure to infectious agents, air pollution and lifestyles.[13–17]
Taking into account the influence of environmental and sociodemographic factors and their changes over time, specific ranges of
lymphocyte subpopulations should ideally be determined by geographically localized populations and updated through periodic
re-evaluation.[11–18]
Average CD3+, CD3+/CD4+ and CD3+/CD8+ T lymphocyte
subpopulations in our study are closer to those of other countries and areas of the American continent, such as south Florida (US),[17] Brazil,[8] and Peru,[9] than to those of Korea,[11]
Germany, [4] Tanzania,[10] and China[14], which confirms the
MEDICC Review, April–July 2019, Vol 21, No 2–3

role of geographic, ethnic and lifestyle factors and
exposure to infectious agents in modulating the
values of peripheral lymphocytes and the immune
system.[14,15,17,18] Determination of reference
values for lymphocytic subpopulations by region
and country makes for more reliable data interpretation in clinical cases.[8,12–14,18] The reliability
of normal CD3+/CD4+ lymphocyte subpopulation
values takes on special clinical importance in prognosis and treatment strategies for patients infected
with HIV-1.[19]
Average absolute and percentage values of CD19+
B cells in our study were higher than those reported
in south Florida (US),[18] Korea,[11] Germany,[4]
Tanzania,[10] and China.[14] One explanation for
differences in lymphocyte subpopulation distribution is variations in infectious agent exposure, even
within the same geographic region.[15,18] The
greater expansion of peripheral B cells in our study
participants could be associated with the presence
of arboviral diseases, especially dengue virus, in
this area. Dengue virus is endemic in most tropical
and subtropical regions and the vast majority of infections are asymptomatic.[20] It has been reported
that individuals exposed to dengue virus have abnormally high levels of activated B cells,[21] not only
due to the clonal expansion of virus specific B cells,
but also to virus-induced nonspecific polyclonal activation.[22]

Change in the number and composition of different lymphocyte subpopulations in peripheral blood
is a distinctive characteristic of immune system
aging. Numerous studies have shown the relationship between age and lymphocytic subpopulation
concentrations.[4,5,11,14,23,24] Several authors
have reported lower levels of CD3+ and CD3+/
CD8+ T lymphocytes in the elderly.[4,5,11,14,
24,25] Decreased effectiveness of senescent immune response reflects degeneration of lymphoid
cell development and function at various levels. A
lower potential of hematopoietic cells for lymphoid
differentiation decreases the formation of immune cells.[26] T cellmediated immunity has been shown to be especially susceptible
to aging due to decline in the number and diversity of naïve T cells
affected by involution of the thymus, a primary lymphoid organ
crucial for T lymphocyte generation and maturation.[27]
Reasons for decline of CD3+ and CD3+/CD8+ T cells in younger
persons are still unknown; unlike CD3+/CD4+ T cells, whose values remained stable in older individuals in this study.[24] In each T
cell subpopulation, naïve cell production decreases and memorycell accumulation increases with age. But the combinations of
decreased naïve lymphocyte production and the accumulation of
memory cells may be different within the CD3+/CD4+ and CD3+/
CD8+ subpopulations depending on total lymphocyte production
and interactions with the environment over time.[28,29]
Depletion of a T cell compartment may occur at senescence in
response to persistent infections. Stervbo found higher numbers
of CD4+ T cells specific for cytomegalovirus (CMV) in individuals
Peer Reviewed
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aged 53–67 years, whereas presence of CMV-specific CD8+ T
cells was not modified by age.[28] The differences in stability of
the CD3+/CD4+ and CD3+/CD8+ T cells in relation to age could
be attributed to these two subpopulations being regulated by different growth factors and cytokines.[30]
Previous studies reported a reduction in the CD4+:CD8+ index
with increasing age, which constitutes the Immune Risk Profile
associated with morbidity and mortality in old age.[31,32] Some
investigations attribute the reduction in the CD4+:CD8+ index to
immune response against CMV and have shown a negative association between the CD4+:CD8+ index and CMV seropositivity in
old age.[33] Others observe no decrease in the CD4+:CD8+ index
with respect to age, but do report a negative correlation between
this ratio and CMV seropositivity.[29] In this study we did not find
reduction of the CD4+:CD8+ index in older individuals, so the decline reported in the literature could be a characteristic of older
adults infected with CMV.
Comparison of lymphocyte subpopulation levels between men
and women found CD3+/CD4+ T cells were more numerous in
women. Higher levels of this subpopulation in Cuban women in
relation to men were more marked in absolute values than in the
fraction of CD3+CD4+ T cells. Higher values of CD3+/CD4+ cells
have been observed in women compared to men in different populations of Brazil,[8] Spain,[17] Korea, [11] France,[34] Israel,[23]
and India.[6] Although no differences were found in lymphocyte
subpopulations between men and women in a study of the south
Florida (US) population, the CD4+:CD8+ index was higher in
women.[18] For this to occur there should be more CD4+ cells or
fewer CD8+ cells.
Absolute values of activated T cells within the CD3+ subpopulation (CD3+/HLA-DR/CD25) were also higher in Cuban women.
[35] Unequal distribution of lymphocyte subpopulations between
men and women and in particular the higher frequency of CD4+ T
cells in women may explain their greater resistance to infectious
diseases and greater likelihood of developing autoimmune diseases.[36,37] The difference in values of CD3+CD4+ cells can be
attributed to the effect of sex hormones on their specific receptors
expressed in T and B lymphocytes.[38]
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