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ABSTRACT

INTRODUCTION: Individual's immune system needs to be assessed in different diseases. Lymphocytes are the main cellular
player.

OBJECTIVE: The aim was to establish the normal ranges for T—lymphocyte subsets, B—lymphocytes and natural killer (NK) cells
in peripheral blood of healthy adults’ Malay individuals in Malaysia. Secondly, was to compare the results with previous studies
in Malaysia, with Caucasians, and Ethiopians. Thirdly, was to assess the difference in percentage values of these lymphocytes in
different age groups and sex.

METHODS: Dual-platform flow cytometry and automated haematological analyser were used for this study. Eighty-four
healthy Malay volunteers, aged 18 years and above, residing in Bertam region at Penang, Malaysia were involved through a cross
sectional study.

RESULTS: For the normally distributed parameters the normal ranges were calculated as mean + 2SD; CD4 was (31.13 +14.65) %,
CD8 was (31.36 + 15.14) %. However, for the not normally distributed parameters, the normal ranges were defined as 95% of the
area under the distribution curve of the values; CD3 was (16.50—75.00) %, CD19 was (5.10—24.61) %, and CD16* and/or CD56* was
(6.01—44.59) %. Ranges in counts were also presented.

CONCLUSION: Regarding the gender; females have significantly higher CD4 and lower CD16* and/or CD56" percentages. While
concerning the age, there were significant differences in all parameters except for CD16* and/or CD56" lymphocytes. The per-
cents of CD3 and CD8 declined significantly after age of 40 years, while CD4 and CD19 increased significantly after age of 30, 40
years respectively.
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INTRODUCTION directed against the corresponding specific an-

tigens.
The immune system has important functions

in the body. Infectious microbe or carcinogen Clinicians need to assess the immune sta-
stimulates the immune system which responds ~ tus of the individuals, interpret laboratory re-
through recruitment of many humoral and cellu- ~ sults, and follow up the disease status then,
lar effectors.’ Lymphocytes are the main cellular ~ Subsequently, choose the appropriate treat-
blood component, which are divided into many ~ ment strategies. Many studies have been done
subsets; each performs different functions dur- ~ Worldwide to determine the reference ranges
ing immune response and each characterized ~ ©f peripheral lymphocytes, they have revealed
by distinct markers (antigens). This project uti- ~ that the normal range of each subset may differ
lized these markers to measure the correspond- ~ according to age,” sex,*” race® and environmen-
ing lymphocyte subsets in the peripheral blood, ~ tal factors,” such as prevailing mycobacterium
through using specific monoclonal antibodies, infection, helminthic infestations, hepatitis and
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poor nutrition,® current malaria,” dietary pat-
terns,® and smoking habits® could be the sus-
pected reasons of making a difference in results
of studies of the same nature.

The objectives of this article was to establish
the normal ranges of the subsets of T-lympho-
cyte, B-lymphocytes and natural killer (NK) cells
in peripheral blood of healthy adults’ Malay in-
dividuals in Malaysia. Secondly, was to compare
the results with previous studies in Malaysia,
with Caucasians, and Ethiopians. Thirdly, was
to assess the difference in percentage values of
these lymphocytes in different age groups and
sex.

METHODS

Settings and study design: This study is per-
formed by using a sampling method design
through a cross sectional study, to set up the
normal ranges and investigate the difference
between lymphocyte subsets with age and gen-
der. The study was done during March and April
2011. It was carried out at the Advanced Medi-
cal and Dental Institute (AMDI), Universiti Sains
Malaysia (USM), Cluster of Transfusion Medi-
cine, No. 1 _ 8, Persiaran Seksyen 4\1, Bandar Pu-
tra Bertam 13200, Kepala Batas, at the region of
Bertam at the mainland of the state of Penang,
Malaysia.

Ethical issues: The approval from the Ethical
Committee of Research, and informed consent
from the participants were obtained in accord-
ance with the Declaration of Helsinki.

Selection and Description of Participants: The
84 volunteers were healthy Malay volunteers
from the region of Bertam at the mainland of
the state of Penang, Malaysia. They were gen-
der matched (42 males and 42 females), and
they were assigned according to their ages into
three groups (first; 20- 29 years, second; 30-39
years, and third age group; 40 years and above).

Inclusion criteria:

1. Healthy individuals.

2. Ageranging from 18 years and above.
Malay race (The individual, his parents and
his grandfather and grandmother, all are
Muslims, Malay, speak Malay, culturally
practice Malay and live in Malaysia or Singa-
pore, according to Article 160 in Malaysian

Law).
4. Males and females.

Exclusion criteria:

1. Persons who have taken any medications
during the last two weeks prior to the sam-
pling.

2. Persons with any chronic or acute infec-
tions (viral or bacterial)

3. Persons with chronic diseases including ma-
lignancy

4. Pregnant women.

5. Abnormal high total lymphocytes count (>
4.0 X 103[uL).""

Technical Information:

Primary outcomes: The percentage and count
of each T-lymphocyte subset; CD4, CD8, CD19,
NK and CD2°CD3* cells, in general, then with re-
gard to gender and age. This is done by lympho-
cytes Immunophenotyping, using Flow cytom-
eter (BD FACSCanto II). It was performed by the
researcher, at the Immunology Laboratory at
the institute — Lot 10.

Secondary outcomes: Complete blood count
(CBQ) with differential white blood cell (WBC()
counts were the secondary outcomes. This is
done using Full Blood Counter (Sysmex XE 5000
automated haematological analyser). It was
performed by the researcher and the staff nurse
at the clinic, Haematology Laboratory in Pusat
Klinik.

Procedure: A demographic and health question-
naire was achieved via an interview conducted
by a clinical physician before drawing the blood
samples between 9 to 11 am and was collected
into 2-ml EDTA tubes.

The subjects were categorized into three
groups according to their ages; first group: (18
-29 years), second group: (30-39 years), and
third group: (40 years and above).

Analysis of Flow cytometry: Peripheral blood
lymphocyte phenotypes were performed with-
in 8 hours of the collection time using a four-
color flow cytometry analysis. All the reagents
and consumables were purchased from BD Bio-
science Company. Two mixed staining reagents
were used; one is the MultiTest CD3 FITC/ CD8
PE/ CD45 PerCP/ CD4 APC; and the second is the
MultiTest CD3 FITC/ CD16* CD56 PE/ CD45 PerCP/
CD19 APC.

Iraqi New Medical Journal | July 2018 | Volume 4 | Number 8



Rana Nidam Al Nuri, Faisal Muttee Al Hassan, Lokman Mohd Noh

For each subject’s blood sample, two falcon
tubes were used, 1st stained with (CD3, 8, 45,
and 4) mixture; the 2nd tube was stained with
(CD3, 16/56, 45, and 19) mixture. The staining
procedure followed the manufacturer’s instruc-
tions.

Data acquisition and analysis was performed
using FACSCanto Il flow cytometry machine and
FACSDiva software. An arbitrary forward scat-
ter (FSC) threshold to exclude erythrocytes,
platelets, subcellular particles, cell aggregates,
and debris was set in data acquisition. Ten thou-
sands events were acquired for each staining
tube. In data analysis, lymphocytes were gated
using CD45/SSC plot. The lymphocyte subsets
were measured as percentages by applying the
quadrant gate as in figure 1 (3, b), the lympho-
cyte subsets appeared as in figure 1 (b, ¢, d).

Complete blood count (CBC), including an
automated differential and total white cell
counts, was performed prior to the flow cy-
tometry analysis step, using Sysmex XE 5000
automated haematological analyser (Sysmex

Corporation, Kobe, Japan) to get the total lym-
phocyte count.

Quality control: In order to ensure quality con-
trol of the combination of monoclonal antibody
reagents used and the performance of the flow
cytometer (FCM), the same batch of reagents
was used throughout the whole study. The Cy-
tometer Setup and Tracking Beads (CST beads)
were used to run day-to-day cytometer perfor-
mance checks and to reproducibly set up the cy-
tometer. This is performed prior to sample ac-
quisition to maintain the optimum performance
of the machine.

Statistics: Analysis was performed using SPSS
software (version 18). Descriptive statistics
were used to calculate the normal ranges, de-
pending on the results of Wilks-Shapiro test of
normality. When the test result was not signifi-
cant (p > 0.05), Gaussian distribution was as-
sumed and the range was defined as (mean *
2SD), while when the test result was significant,
non-Gaussian distribution was assumed and the
range was defined as the 95% of the area under
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the distribution curve of the values (from 2.5 -
97.5%). The ranges were calculated in different
age groups and in both genders.

The normal ranges in percentages were com-
pared to that obtained from previous studies
done in Malaysia by Chin et al,* Choong et al,®
and Dhaliwal et al." For purpose of comparison,
the ranges were calculated as (mean + 1SD). On-
line t-test calculator was used after obtaining
the mean and pooled SD of the other studies.
The results in percentages were also compared
with the Caucasians’,? and Ethiopians’ results "
also by online t-test calculator.

To assess the differences in mean values of
percentages in both genders, independent sam-
ple t-test was used. While for the difference in
the three age groups, one way

subjects were 7.17+1.66x 103/l.

The percents of CD4 and CD8 subsets were
normally distributed around the means, while
CD3, CD19 and CD16* and/or CD56* percents
were not. Regarding the counts, CD3 and CD4
subsets were normally distributed, while CDS8,
CD19 and CD16* and/or CD56* subsets were not.
Their normal ranges in percentages and in total
counts were presented in table 1. The CD3 cell
count was estimated for the 84 participants,
while for the CD4, CD8, CD19, CD16* and/or
CD56* cells count were measured for only 81
volunteers because three samples did not re-
tain the stain by the monoclonal reagent anti-
bodies, due to technical error.

Ranges in percentages and counts in rela-

ANOVA was used.

Table 1: Normal ranges for lymphocyte subsets’ percentage and count

R ES U LTS Lymphocyte Subsets N Mean#2SD (95%)
CD3 Cells 84 Percent ’ 16.50-75.00 %
A complete 'set of param- Count 15 146 (1.02)
eters were obtained from each .
L. . . CD4 Cells 81 Percent* 31.13%14.65 %
participant. The sex distribu-
. Count $ 0.78 (0.55)
tion of our cohort was equal (42
D8 Cell 8 Percent 36+15.14%
each). The mean age + SD was o ! ercen 31301514
8 =
31.69 * 8.37 years. The age was SOt 0-26 - 1.68
Categorized into three groups, CD19 Cells 81 Percent 5.10 —-24.61%
46 (54.8%) participants aged 18- Count s 0.09-0.84
29 years, 18 (21.4%) aged 30-39 CD16'/CD56* Cells 81 Percent ' 6.01-44.59 %
years, and 20 (23.8%) were 40 Count 8 043121

years and above. The mean = SD
of the total WBC counts of the

* For not normally distributed variable, 95 % of the data (2.5-97.5%) was used, ' Not normally distrib-
uted, * Normally distributed. ¥ (x 103/ uL).

Table 2: Normal ranges for lymphocyte subsets’ percentage and count in relation to age groups

Age Group CD3 Cells CD4 Cells CD8 Cells CD19 Cells CD16*/CD56* Cells
20 - 29 years
Number 46 46 46 44 44
Median (IQR) % 59.70 (14.53)" 30.10 (8.10)" 34.10 (6.07)" 11.45 (5.73)°F 20.65 (10.60)"
Range” (95%) % 40.53-74.30 14.71-40.32 17.47-45.16 5.11-20.06 6.03-40.33
*Range” (95%) count! 0.72-2.44 0.30 - 1.18 0.42-1.37 0.09 - 0.58 0.14 - 1.31
30 -39 years
Number 18 17 17 18 18
Median (IQR) % 63.15 (16.18)" 31.90 (14.45)% 32.40 (16.25)" 11.00 (6.50)% 18.20 (13.12)°
Range” (95%) % 48.80-78.90 19.30-50.10 14.40-49.80 6.60-24.80 6.00-34.20
Range” (95%) count! 1.04 - 2.75 0.43-1.36 0.33-2.02 0.13-0.85 0.11-0.95
> 40 years
Number 20 18 18 19 19
Median (IQR) % 55.45 (22.10)" 34.25 (12.23)" 25.15 (12.05)* 15.30 (6.30)" 22.40 (11.50)}
Range” (95%) % 14.10-70.80 11.30-43.10 13.60-42.50 3.60-47.80 10.20-52.00
Range” (95%) count! 0.33-2.82 0.20 - 1.64 0.25-1.69 0.08 - 1.29 0.32-1.21

*(2.5-97.5%), '(x 103 pL), - Left skewed, * Right skewed.
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Table 3: Normal ranges for lymphocyte subsets’ percentage in relation to gender
Gender CD3 Cells CD4 Cells CD8 Cells CD19 Cells CD16*/CD56* Cells
Male
Number 42 40 40 39 39
Median (IQR) % 56.20(13.83)" 29.95(7.72)" 33.50(8.35)" 10.70(7.00)" 24.60 (11.10)%
Range” (95%) % 16.0-70.77 14.44-43.96 14.44-49.70 3.60-47.80 6.00-52.00
Range” (95%) count! 0.34-2.78 0.28-1.25 0.27 -1.69 0.08 - 1.29 0.11-1.34
Female
Number 42 41 41 42 42
Median (IQR) % 63.10(14.20)" 32.80(8.80)" 31.00(10.70)" 12.60(5.57)" 19.10 (7.95)*
Range” (95%) % 16.34-78.61 11.57-49.81 13.68-43.57 5.92-24.51 9.55-37.78
Range” (95%) count’ 0.36 -2.74 0.22-1.63 0.24 - 2.00 0.11-0.84 0.17-0.89
“(2.5-97.5%), ' (x 103 | pL), - Left skewed, * Right skewed.

tion to age groups were presented in table 2. All
the data were skewed, thus normal distribution
was not assumed, so normal ranges were de-
fined as 95% of the area under the distribution
curve of the values. Similarly, the normal ranges
in each gender were presented in table 3.

DISCUSSION

Normal ranges of the subsets of peripheral
lymphocyte in the whole subjects as well as in
both sexes and in different age groups were
generated and the results expressed in percent-
ages and total counts.

The current study focused on the normal
ranges of Malays only, while the previous three
studies carried out in Malaysia in the nineties®
810 targeted the whole Malaysian population;
Indians, Chineses and Malays. In order to get a
rational analysis, only the ranges of the Malay
race from those studies were taken in consid-
eration. Figure 2a illustrates the differences be-
tween the normal ranges obtained from this
study with that of previous studies carried out
in Malaysia.

The results of this study showed that the nor-
mal range of CD3 percentage was significantly
lower than those reported in the previous Ma-
laysian studies (p<0.001).# ®® The trend of the
normal range of CD4 percentage was also lower
by the same three studies, but only the one re-
ported by Chin et al reached a significant differ-
ent level.* The normal range of CD8 percent-
age was significantly lower than that reported
by two studies ; Chin et al. and Choong et al.*
8 Range of CD16* and/or CD56" cells percentage
was significantly higher than that documented

by Chin et al and Choong et al. (p<0.002), while
the range of CD19 percentage of this study was
insignificantly different from the findings of the
three studies.

These differences may be to some extent re-
sulted from difference in age ranges between
the current and the past three studies. In the
current study, the minimum age was 21 years
and the maximum was 50 years and among
those, only two subjects were 50 years old.
However, the age range was 13 - 68 years in
Dhaliwal et al study,'® 20 - 79 years for Chin et
al study, and 18 - 71 years for Choong et al. This
narrow age range of the subjects of the current
study, having more participants below the age
of 30 years, and the inequality of age distribu-
tion might led to the discrepancy between nor-
mal ranges obtained from different studies, and
made the current cohort sample not represent-
ative for the whole Malay population, consider-
ing that most of the significant changes occur
after the age of 50.7

The lag period between drawing of the
blood sample and processing the sample is an
additional factor.” In the present study, the
turnaround time between blood collection and
its processing was around one to two hours
and the analysis was carried out on the same
day. However, in Dhaliwal et al’s study, the
time elapsed was six hours, and they used cell
fixation in 1% formaldehyde, and kept the sam-
ples overnight before analysis. For Chin et al’s
study, formaldehyde was also used and analysis
was performed within 24 hours of preparation.
Choong et al also used formaldehyde fixative.

Among other projected reasons, is the WBC
counting method. In the current study, the XE
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Figure 2a: Differences between the normal ranges of this study with the previous studies on Malays.

5000 was used, while Dhaliwal et al used the
model T 540 Coulter Counter, Choong et al used
JR Coulter Counter model and obtained the per-
centages of lymphocytes from manual differen-
tial count of 100 WBC on Wright stained blood
films. The variation in WBC counts can be over-
come with single-platform FCM." Bohler and
colleagues™ compared the results of single and
dual- platform FCM and found that the latter un-
derestimates the percent of CD16 and/or CD56*
cells, overestimates the percents of CD3, CD8
while yielded comparable percents of CD4 and
CD19 with that of single- platform FCM. Other
possible causes are the staining reagents and

flurochromes, flow cytometer setup and per-
formance status, data acquisition, and analysis

(gating strategies and absolute counting).® '
1415

In addition, environmental factors such as
prevailing mycobacterium infection, helminthic
infestation, hepatitis and poor nutrition,® cur-
rent malaria,’ dietary patterns,® and smoking
habits® could be the suspected reasons of mak-
ing a difference in studies of the same nature.

However, the differences in sample process-
ing, suboptimal lymphocyte gating that uses
light scattering (FSC and SSC) and (CD14 - CD45

90

80 I N Malays

20 B caucasians
B Ethiopians

Reference range %

D3 CD4 D8

CD19 CD16/56

Figure 2b: Differences between normal ranges of Malays, Caucasians and Ethiopians
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strategy), and variation in WBC counts were the
three major technical causes of the inter labora-
tory variability.

Recent implementation of guidelines and
use of CD45/SSC for gating, due to accessibil-
ity of more flourochromes, and the adoption of
lyse instead of Ficoll method for sample prepa-
ration leads to less inconsistency between dif-
ferent laboratories.” 7'® While single-platform
FCM eliminates the discrepancy of WBC count-
ing."

For comparison of the Malay’s reference
ranges with that of Caucasians and Ethiopi-
ans; the mean of CD3, CD4 percent in Malays
was significantly lower than in Caucasians and
Ethiopians (p<0.001). Malay CD16 and/or CD56*
lymphocytes percent was significantly higher
than of Caucasians and Ethiopians. While the
mean of CD8, CD19 percent in Malays was in-
significantly different from that of Caucasians,
but CD8 percent was significantly lower than
that of Ethiopians (p<0.001), and CD19 percent
was significantly higher than that of Ethiopians
(p<0.001). Figure 2b illustrated the differences.
This might give the evidence of the important
effect of race on lymphocyte subsets.

The influence of age and gender

CD3 Cell Subsets:

No significant difference in CD3 cells percent
was found between males and females. This
was in agreement with other studies among
healthy Malaysian adults.* However, the finding
was different from other studies where females
were reported to have significantly higher CD3
percents than males among adult Caucasians
and adult Indians respectively.> '

Significant difference in CD3 cells percent
among the three age groups was found in this
study (p = 0.003). Younger adults (18 - 29 years
and 30 - 39 years) found to have significantly
higher percentage of CD3 cells comparing with
those 40 years and above (p =0.018), (p = 0.004)
respectively, while it was insignificant between
first and second age groups. The percents of
CD3 declined significantly after 40 years of age.
This is against Choong et al’s conclusion, who
observed that age has no significant association
with CD3 in Malay race. Findings of the current
study does agree with Reichert et al and Jiao et

al who found that age significantly associated
with CD3 which declined significantly with age.>
*% Together with other findings from his work,
Jiao gave proof for immunosenescence.*®

CD4 Cell Subsets

A significant difference in percentages of
CD4 cells with gender was reported in this study
(p = 0.020). CD4 percent in female was higher
than that in male. On the contrary, other stud-
ies of the same nature highlighted insignificant
difference in CD4 between males and females
as in Chin et al and Choong et al in Malay race
and Tollerud et al®, Chng et al,® and Lee et al*in
studies among Asian populations. In Choong et
al study,® the difference between genders was
significant only among the Chinese race with
Chinese female having higher CD4 and CD4/CD8
ratio than male. Caucasians and Indians females
have higher CD4 than males according to Re-
ichert et al and Das et al respectively.> "

There was significant difference in percent-
ages of CD4 cells with age groups (p = 0.046),
but verification with post hoc test was not pos-
sible. This is in conflict to Choong et al® who
found that there was no difference in CD4 per-
cent with age among the Malay race. The differ-
ence was seen only among Chinese race where
increased CD4 with age was observed, while
Jiao et al study in China found that CD4 declined
significantly with age, which is part of immu-
nosenescence.?® On Caucasian adults, Reichert
with other coworkers found that CD4 signifi-
cantly different by age.?

CD8 Cell Subsets

There was no difference in the percentages
of CD8 cells with gender, which is in concord-
ance with Chin et al* and Choong et al® reports.

Significant difference in percentages of CD8
cells with age was calculated in our study (p =
0.001). The difference was significant between
first and third age group (p = 0.001), and was
also significant between second and third age
group (p = 0.018). While difference between the
first and second age group was insignificant.
This indicates that CD8 decreased after age of
40 years. This is in conflict with Chng et al report
on the Singaporean population,® who predicted
that CD8 is the only subset which increased
significantly with age. Choong et al® found no
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difference in subsets with age of Malay race,
while the difference was seen in Caucasians
where CD8 increased with age.?

CD19 Cell Subsets

In this study, no significant difference was
seen in percentages of CD19 cells with gender.
This is in connection with Choong et al.®

There was significant difference in percent-
ages of CD19 cells with age (p = 0.007). This dif-
ference was observed as a significant increase
in CD19 between first and third age group (p =
0.005). While according to Choong et al®, CD19
had no significant difference with age. Howev-
er, Jiao et al found that CD19 cells decrease with
age as part of immunosenescence.*®

CD16* and/or CD56* Cell Subsets

There was significant difference in the per-
centages of CD16* and/or CD56* cells with gen-
der (P = 0.012), the values in males were higher
than in females. This is in conformity with Re-
ichert et al, but in conflict with Chin et al and
Choong et al who found insignificant difference
in these cells between males and females. In
Singaporean population, Chng et al confirmed
that there was gender difference in these cell
percentages,® and they argued that this differ-
ences were not clinically important because
quantification of NK cell subsets does not play
a crucial role in clinical management.

There was insignificant difference in per-
centages of CD16* and/or CD56* cells with age
groups in the current study. This is in concur-
rence with Chin et al, where as it is differing to
other studies® *° who found significant increase
with age, also in disagreement with Price et al,**
who found that Malays and Chinese were re-
ported to have increased NK cells with age.

There were some studies used CD16 alone
instead of CD16* and CD56* to enumerate NK
cells, which lead to variation in the percents of
NK cells. The CD16 antigen is found on all rest-
ing NK cells.??

Among the limitation of this study is the
small sample size with the narrow age range,
bearing in mind that the significant changes
occur after the age of fifty.” The absence of se-
rological tests for subjects prior to inclusion is
another limitation. The lacking of the evidence

that whole subject were 100% Malay race was
also another obstacle of this research.

CONCLUSION

The findings of this study showed that the
reference ranges in percentage of CD3, CD4 and
CD8 were lower than the past studies carried
out in Malaysia, while that of CD16*/CD56* was
higher, and CD19 was insignificantly different.

Percentages of CD4, CD16* and/or CD56*
were high in females, while difference with
gender was insignificant in CD3, CD8, CD19 and
CD27CD3*.

The percent of CD3 and CD8 declined sig-
nificantly after age of 40 years, while CD4 and
CD19 increased significantly after age of 30, 40
years respectively. CD2"CD3* cell population de-
creased significantly after age of 30 years.

The reference ranges found from this study
could be helpful in assessing individual’s im-
munity status, interpreting diseases and moni-
toring changes and improvement related to
therapy ; they can be employed for a variety of
diseases as immune deficiency diseases, auto -
immune diseases, lymphomas and leukemia.
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