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Biological Reference Intervals for Hematological Parameters
Including Novel Research Parameters in Population of Eastern India
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Background : Biological Reference Intervals (BRI) are used for a comparative decision-making process by
describing the distribution of results derived from healthy reference population. Biological reference intervals should
be derived from the local population to take into account regional variations.

Aims and Objectives : Our aim was to establish a biological reference interval for routine hematological parameters
along with novel hematology parameters from health check-up of young working in-house staff of our hospital.

Materials and Methods: This is a cross sectional study carried out in our hospital using samples collected for
routine health check-up of hospital staff using the Mindray BC-6800 Plus automated analyser from December, 2022
to June, 2023.

Results : A total of 474 male participants and 464 female participants were included and reference intervals for
reportable and non-reportable novel hematologic parameters established.

Discussion : The study has established comparability of parameters with other Indian and International studies
and shows difference in values from other population in India specifically for platelet parameters supporting the
findings of Inherited Macrothrombocytopenia. We have also established the reference ranges of additional Novel
Research hematological parameters with increasing utility in modern hematology practice and intend to study them
further for their utility in diagnostic and therapeutic management of patients.

[J Indian Med Assoc 2024; 122(5):  35-9]
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Editor's Comment :
The eastern population is ethnically different from other
population in our country especially in platelet parameters
which is also called as Bengal Macrothrombocytopenia.
So, the need to establish reference ranges in our population
for routine parameters as well as for many novel hematology
parameters available in our analyser, so as to use them as
reference points for further studies in this field.

Biological reference intervals (BRI) are used for a
 comparative decision-making process by

describing the distribution of results derived from
healthy reference population. The values aid in the
interpretation of laboratory results for patient care1-3.
Most common parameter used by clinicians for
management, diagnosis and monitoring of their patients
is a CBC3.

Hematologic interpretations rely on the BRI derived
from population to be served. Although age and sex
are the two most common categorizing criteria for BRI,
variations are also seen during physiological conditions
like pregnancy or exercise4-6.

Only few clinical laboratories have the resources
to establish BRIs as they require data from healthy
local population. As reference values in-use are used
from authoritative textbooks or western references5,
adopting from dissimilar population without considering
local ethnicity may lead to mismanagement with
increase in cost and risk patient safety. Therefore the
need to establish hematological BRIs in the eastern
population of the country.

AIMS AND OBJECTIVES

Aims : To establish a biological reference interval
for routine hematological parameters from blood samples
collected from yearly health checkup of young working
(<40 years) in-house population of our hospital.

Objectives : Establish biological reference interval
for reportable hematologic parameters (WBC, Neu%,
Lym%, Mon%, Eos%, Bas%, RBC, HGB, HCT, MCV,
MCH, MCHC, RDW-CV, RDW-SD, PLT, MPV, PDW,
PCT) along with novel research hematological
parameters available for evaluation (P-LCC, P-LCR,
HFC#, HFC%, WBC-D, WBC-N, TNC-D, TNC-N, NLR,
Micro#, Micro%, Macro#, Macro%, PLT-I, PLR, PDW-
SD, Neu-X, Neu-Y, Neu-Z, Lym-X, Lym-Y, Lym-Z, Mon-
X, Mon-Y,  Mon-Z) for reference for future studies.

MATERIALS AND METHODS

(1) A cross sectional study was carried out in our
hospital of apparently healthy adults of both sexes of
hospital staff from December, 2022 to June, 2023.
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(2) Inclusion into the study was based on the
following criteria : aged <40 years adults; subject
to health check up with normal records of vital signs
and physical examination.

(3) Exclusion criteria : age >40 years, having co-
morbidities.

(4) As per CLSI recommendation6 a sample size
of minimum of 120 participants is required. Total of
938 persons, 474 males and 464 females were recruited
for the study.

(5) Sample collection : 3-ml venous blood was
collected from antecubital vein under aseptic
conditions into Dipotassium Ethylene Diamine tetra
acetic acid (K2EDTA) Vacutainer tube (Becton
Dickinson, PL6 7BP, UK) for hematological analysis.

(6) Laboratory assays : The whole blood EDTA
samples were analysed within two hours  using
Mindray BC-6800 Plus automated hematology
analyzer (Mindray Bio-medical electronics Co, Ltd,
Shenzhen, China), for both reportable (for in-
vitro diagnostic use in clinical laboratories) and non-
reportable/ research use hematologic parameters.

Reportable parameters : The parameters used
in this study are white Blood Cell Count (WBC),
Neutrophil percentage (Neu%), Lymphocyte
percentage (Lym%), Monocyte percentage (Mon%),
Eosinophil percentage (Eos%), Basophil percentage
(Bas%), Red Blood Cell Count (RBC), Hemoglobin
(HGB), Hematocrit(HCT), Mean Cell Volume (MCV),
Mean Cell Hemoglobin (MCH), Mean Cell Hemoglobin
Concentration (MCHC), Red Cell Distribution Width-
Coefficient of Variation (RDW-CV), Red Cell
Distribution Width-Standard Deviation (RDW-SD),
Platelet Count (PLT), Mean Platelet Volume (MPV),
Platelet Distribution Width (PDW), Plateletcrit (PCT).

Non-reportable/Research Use only parameters:
Platelet-Large Cell Count (P-LCC), Platelet-Large Cell
Ratio (P-LCR), High Fluorescent Cell percentage
(HFC%), White Blood Cell Count -DIFF (WBC-D),
White Blood Cell Count-WNB (WBC-N), Total
Nucleated Cell Counts-DIFF (TNC-D), Total Nucleated
Cell Counts-WNB (TNC-N), Neutrophil-to-lymphocyte
Ratio (NLR), Microcyte percentage (Micro%),
Macrocyte percentage (Macro%), Platelet-to-
lymphocyte ratio (PLR), Platelet Distribution Width
Standard Deviation (PDW-SD), mean neutrophil
distribution-side scatter intensity (Neu-X), Neutrophil
distribution-side fluorescent light intensity (Neu-Y),
mean neutrophil distribution- forward scatter intensity
(Neu-Z), mean Lymphocyte distribution- side scatter
intensity (Lym-X), mean Lymphocyte distribution-side
fluorescent intensity (Lym-Y), mean Lymphocyte
distribution- forward scatter intensity (Lym-Z), mean

monocyte distribution-side scatter intensity (Mon-X),
mean Monocyte distribution-side fluorescent light
intensity (Mon-Y), mean Monocyte distribution -
forward scatter intensity (Mon-Z).

The principles used by the analyzer for
measurement are :  

• Sheath flow impedance method, laser scatter and
SF Cube cell analysis technology (3D analysis using
information from scatter of laser light at two angles and
fluorescence signals) for cell differentiation and counting;

•  Colorimetric method for HGB measurement.
Well-trained experienced laboratory personnel

performed all tests according to Standard Operating
Procedures (SOPs).

(7) Quality control : The analyzer is calibrated
annually and daily Internal Quality Control (IQC) run as
per QC protocol with 3 level (low, normal and high)
commercially available controls with daily monitoring
using LJ charts and Westgard rules. Laboratory is also
enrolled in a proficiency testing program for hematology.

(8) Statistical analysis : Quantitative data has
been represented as mean & SD and qualitative data
has been represented as percentages. 97.5 percentile
and 2.5 percentile formed the upper and lower limit of
reference range respectively of the population. The
biological reference interval is Mean±2*SD for those
parameters whose p-value for normality test (Shapiro
Wilk’s test) is greater than 0.05 (p-value>0.05). The
group comparisons were based either on parametric
or non-parametric statistics depending on whether the
distribution is normal or not. For comparison of each
of the parameters between two groups (across males
and females), the non-parametric Mann-Whitney test
is being used.

RESULTS

Demographic characteristics: A total of 474male
participants and 464 female participants were included
in the study.

Table1 shows the reference intervals for reportable
and non-reportable novel hematologic parameters of
our study population.

Table 2 shows comparison between our study and
other Indian and International studies.

Figs 1-3 show comparative representation of 3 key
parameters between various studies.

DISCUSSION

Biological reference ranges for WBC counts across
all Indian and International studies are comparable with
appropriate differential counts (Fig 1).

The Hemoglobin reference ranges are comparable
with the Indian multi-centric study7 but slightly less
than the international study values especially the lower
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parameter shows slightly higher upper limit values
compared to international studies but is comparable
with other Indian studies (Fig 2).

Platelet counts are conspicuously lower than the
values from all the studies, Indian and International
due to the unique finding of Macrothrombocytopenia13-

15 in the eastern population characterized by decreased
platelet count (mild to moderate thrombocytopenia),
macroplatelets (giant platelets) and no bleeding
manifestations. This also corroborates with difference
in other novel platelet parameters values like PDW
and PCT from the other studies (Fig 3).

Earlier called as Harris Syndrome seen in
mediterranean population and also called as
Asymtomatic Constitutional Macrothrombocytopenia
(ACMT)13 is now called as Inherited
Macrothrombocytopenia as it is linked to genetic
molecular sequences. It is also referred to as Bengal
Macrothrombocytopenia15 by many hematologists in
the southern and western parts of the country as they
have specially found it is patients from Bengal. All novel
platelet parameters like MPV, PDW, PCT also show
increased values compared to all the other studies
which corroborates with Inherited
Macrothrombocytopenia, thus emphasizing the

Table 1 — Biological Reference ranges of Males and
Females in Eastern Indian Population – Reference range
(Mean± 2*SD) and Percentile (2.5 - 97.5). Mann-Whitney

test for 2 groups used for comparison

BRI Male  (N=474) Female (N=464)
Tests Reference range Reference range

WBC 4.28-10.16 4.38-10.50
NEU# 2.25-6.4 2.01-7.25
LYM# 1.10-3.8 1.19-3.37
MON# 0.23-0.72 0.23-0.68
EOS# 0.03-0.85 0.03-0.86
BAS# 0.01-0.08 0-0.06
IMG# 0-0.05 0-0.03
NEU% 42.1-74.3 43.3-76.6
LYM% 17.3-45.3 16.67-44.6
MON% 4.0-9.7 3.40-9.44
EOS% 0.6-12.7 0.40-9.67
BAS% 0.1-1.01 0.1-0.8
IMG% 0-0.7 0-0.4
RBC 4.14-5.382 3.65-5.12
HGB 12.4-16.9 10.3-14.3
HCT 37.9-51.1 32.5-43.4
MCV 78.7.3-99.7 73.4-96.8
MCH 25.4-33.1 23.21-31.9
MCHC 31.4-35.0 30.4-34.3
RDW-CV 12.5-15.3 12.3-16.44
RDW-SD 39.14-50.0 38.7-50.3
PLT 85.3-355 72.74-384.66
MPV 9.1-16.4 8.65-16.20
PDW 15.7-17.0 15.4-16.9
PCT 0.14-0.34 0.14-0.42
P-LCC 44.50-121.5 46.15-135.8
P-LCR 20.2-68.2 16.55-68.21
HFC# 0-0.053 0-0.06
HFC% 0-0.7 0-0.84
WBC-D 4.38-10.47 4.43-10.9
WBC-N 4.28-10.16 4.38-10.50
TNC-D 4.38-10.47 4.43-10.9
TNC-N 4.28-10.16 4.38-10.50
NLR 0.96-4.06 0.98-4.5
MICRO# 0.02-0.26 0.02-0.54
MICRO% 0.48-5.0 0.4-11.6
MACRO# 0.09-0.29 0.05-0.19
MACRO% 1.68-6.2 1.05-4.7
PLT-I 81.3-355.0 92.6-380.4
PLR 38.4-189.7 42.66-215.5
PDW-SD 10.2-29.0 9.55-28.2
NEU-X 301.6-397.3 306.53-397.7
NEU-Y 404.6-500.3 416.3-514.8
NEU-Z 1553.8-1832.5 1549.3-1824.0
LYM-X 92.0-105.9 91.1-105.4
LYM-Y 665.4-785.7 685.1-797.4
LYM-Z 921.6-981.1 927.9-987.8
MON-X 199.1-223.8 203.2-227.9
MON-Y 962.3-1122.6 982.6-1149.5
MON-Z 1201.9-1309.5 1223.4-1321.1

limits and also lower than studies from Mumbai8,
Chennai10and Delhi9, the possible explanation could
be prevalence of Thalassemia traits in the eastern
population. The RBC count reference ranges also show
wider range possibly both due to prevalence of traits
and smoking reflected also in other RBC parameters
like HCT and MCV. RDW the newly reportable

Fig 2 — Distribution of Reference range of HGB across Indian
and International Studies

Fig 1 — Distribution of Reference range of WBC across Indian
and International Studies
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Table 2 — Comparison between our study and other Indian and International studies
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importance of establishing the region-specific
reference intervals in the laboratory reporting
system for our ethnic population.

 Here, we have also established the
reference ranges of additional Novel research
hematological parameters with increasing
utility in modern hematology practice like
Platelet-large Cell Count (P-LCC), Platelet-
large Cell Ratio (P-LCR), High Fluorescent
Cell Percentage (HFC%), White Blood Cell
Count -DIFF (WBC-D), White Blood Cell
Count-WNB (WBC-N), Total Nucleated Cell
Counts-DIFF (TNC-D), Total nucleated cell
Counts-WNB (TNC-N), Neutrophil-to-
Lymphocyte Ratio (NLR), Microcyte
Percentage (Micro%), Macrocyte percentage (Macro%),
Platelet-to-lymphocyte ratio (PLR), Platelet Distribution
Width Standard Deviation (PDW-SD), mean neutrophil
distribution-side scatter intensity (Neu-X), neutrophil
distribution-side fluorescent light intensity (Neu-Y),
mean neutrophil distribution- forward scatter intensity
(Neu-Z), mean lymphocyte distribution- side scatter
intensity (Lym-X), mean lymphocyte distribution-side
fluorescent intensity (Lym-Y), mean lymphocyte
distribution- forward scatter intensity (Lym-Z), mean
monocyte distribution-side scatter intensity (Mon-X),
mean monocyte distribution-side fluorescent light
intensity (Mon-Y). mean Monocyte distribution - forward
scatter intensity (Mon-Z). Few of these like NLR, PLR
have already found utility in COVID patients. These can
be studied further for evaluation of various diseases.

CONCLUSION

We have established the region-specific reference
intervals in the laboratory reporting system for our
ethnic population which is different from other
population in India and also corroborates with findings
of other studies from Eastern region especially in
platelet parameters. We have also established the
reference ranges of additional Novel Research
hematological parameters with increasing utility in
modern hematology practice and intend to study them
further for their utility in diagnostic and therapeutic
management of patients.
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