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ABSTRACT
The results of laboratory tests have little practical utility unless clinical studies have ascribed various states of health and disease to intervals of values. Several factors affect hematologic values, including race, environment, time of sampling, test
method, blood collection site, gestational age and maternal factors. Since these factors vary in various populations, they can
cause differences in reference hematologic values. Between September 2007 and March 2008, 447 healthy neonates with
more than 2500 g weight were selected and cord blood specimen was taken using EDTA as the anticoagulant. Complete
blood count, hemoglobin, hematocrit, and RBC indices were measured by Sysmex cell counter. Differential leukocyte counts were determined in peripheral blood smear. Data were analyzed by SPSS software (version 11.50). A p value < 0.05
was considered to be significant. Mean values and reference ranges of hematologic parameters were as follows: WBC
(x103µl)= 11.62 (5.16-18.2), RBC (x106 µl)= 4.45 ( 3.61-5.29), Hb (g/dl)=15.9 (13-18.8), Hct (%)= 48.3 (39.6-56.9), MCV (fl)=
108.7 (97.5-119.8), MCH (pg)= 35.8 (31.7-40), MCHC (g/dl)= 33 (30.1- 35.2), RDW (%)= 17.1 (14.1-20.3). We observed some differences in hematologic values of neotanal cord blood in comparison with other references which are in use in daily
clinical practice. Especially RBCs and hemoglobin were higher and MCV, WBC and absolute neutrophil count were lower.
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ÖZET
‹ran-Mashhad’de Yenido¤anlarda Hematolojik Referans De¤erlerinin Belirlenmesi
Farkl› klinik durumlarda interval de¤erlerinin önemi gösterilmeden laboratuar test sonuçlar›n›n pratik kullan›m› mümkün
de¤ildir. Irk, çevre, örnek al›m zaman›, test yöntemi, kan›n örne¤inin al›nd›¤› bölge, hamilelik yaﬂ› ve anneye ait faktörler hematolojik de¤erleri etkilemektedir. Bu faktörler toplumlar aras›nda farkl›l›k gösterdi¤inden referans hematolojik de¤erler de farkl›
olmaktad›r. Eylül 2007 ile mart 2008 tarihleri aras›nda 2500 gram üzerindeki 447 sa¤l›kl› yenido¤an›n kord kan› EDTA’l› tüplere
al›nd›. Sysmex cell counter kullan›larak tam kan say›m›, hemoglobin, hematokrit ve eritrosit indeksleri ölçüldü. Periferik yayma
yap›larak diferansiyel lökosit say›lar›na bak›ld›. Veriler SPSS program› (version 11.5) ile analiz edildi. Anlaml›l›k düzeyi p <0.05
olarak al›nd›. Hematolojik parametrelerin ortanca ve aral›k de¤erleri ﬂu ﬂekilde idi: WBC (x103µl)= 11.62 (5.16-18.2), RBC
(x106 µl)= 4.45 ( 3.61-5.29), Hb (g/dl)=15.9 (13-18.8), Hct (%)= 48.3 (39.6-56.9), MCV (fl)= 108.7 (97.5-119.8), MCH (pg)=
35.8 (31.7-40), MCHC (g/dl)= 33 (30.1- 35.2), RDW (%)= 17.1 (14.1-20.3). Yeni do¤an kord kan örneklerindeki hematolojik
de¤erlerin günlük klinik uygulamada kulan›lan di¤er referans de¤erlerden farkl› oldu¤unu bulduk. Eritrosit ve hemoglobin daha
yüksek iken, MCV, WBC ve absolü notrofil say›lar›n›n daha düﬂük oldu¤u saptand›.
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INTRODUCTION
The laboratory results have low clinical value unless clinical studies have ascribed various states of
health and disease to the values of these tests and
their intervals.1 We therefore need reference values
for all laboratory tests performed in the clinical
practice, not only from healthy individuals but from
patients with relevant the most hematologic and
non- hematologic diseases. In some diseases such
as anemia these values are used for diagnosis to be
considered as the basis for treatment. Hematologic
values are affected by many different factors such
as sex, gender, race, environment, time and place of
sampling.2 Also in neonates, factors such as the
gestational age, day of life, maternal factors, mode
of delivery and site of blood collection can affect
the results.3 Much information relevant to managing neonatal patients can be obtained from a
complete blood count (CBC).4 Reference ranges for
these parameters include values obtained on the day
of birth based on gestational age, plus values obtained during the weeks following birth, based on
postnatal age.5,6
Detecting abnormally high or low CBC elements
can influence clinical decisions dramatically. Most
of the time, we extract reference values from American or European population documents where as
several factors mentioned above as well as characteristic of mother can influence these ranges. Therefore, in this study we have determined the reference values of hematological tests in neonates of
Mashhad. The results will be a diagnostic and therapuetic base for our neonates in Mashhad.
MATERIALS AND METHODS
This study was performed for determination of Hematologic reference values in neonates in Mashhad,
Iran, between September 9th 2007 and March 19th
2008. Subjects were selected randomly in several
hospitals in the different regions of Mashhad and
informed consent was obtained from the mothers.
We included 447 full term healthy newborns with
healthy mothers in the study. A normal neonate was
defined as one without maternal, intrapartum or neonatal complications who also had a normal physical examination at the time the sample was collected. Clinical information were collected for each
neonate including birth weight, sex, gestational
102

age, postnatal age, maternal complications (temperature ≥380C within 24 hours of delivery, use of intrapartum antibiotics, diabetes mellitus, pregnancyinduced hypertension, chronic hypertension) intrapartum complications (length of membrane rapture,
use of oxytocin, fetal bradycardia,…) and Apgar
score. The mothers were considered healthy if they
had not acute or chronic diseases, anemia, hypertension, diabetes mellitus and pregnancy complications such as eclampsia. Neonates with hyaline
membrane disease, transient tachypnea, meconium
aspiration syndrome, pneumonia thorax, bacterial
diseases, hemolytic diseases and hyperbilirubinemia
or non healthy mothers were excluded from the study.
Immediately after birth, 2 cc blood was taken from
umbilical cord and was mixed with ethylenediaminetetraacetic acid (EDTA- K2) anticoagulant. At
the 4th hour of sampling, Complete blood count
was performed by cell counter (Sysmex K-21, Japan). The following parameters were determined:
hemoglobin (Hb) levels, hematocrit (HCT), red
blood cells (RBCs) count, mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH),
mean corpuscular hemoglobin concentration
(MCHC) red cell distribution width (RDW), white
blood cells (WBCs) count and platelet count. Before analyzing, instrument was calibrated with reference methods and after that daily quality control
program were performed. Peripheral blood smears
were prepared from all neonates and stained with
Gimsa stain. At least, 200 WBCs were counted on
a smear and differential leukocyte counts were determined. Normoblasts were not included in the differential but these cells were counted separately during the process. Then the WBC count for each
sample was corrected by subtracting the absolute
number of normoblasts. We also controlled platelet
counts on smears to diagnose potential false increase or decrease in platelets.
Statistics: Data were statistically analyzed using
the statistical package for social science (SPSS,
version 11.5). For variables with normal distribution, mean ±1.96 SD was considered as the normal
range which contains 95% of normal individuals.
When distribution was not normal, reference ranges
were considered values between 2.5 and 97.5 percentiles. Difference between mean of variables in our study
compare with other studies were done by one sample
t- test. A p value < 0.05 was considered to be significant.
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Table 1. Reference values of RBCs results in our study compared with other two studies23,24
Mean (95% reference interval)

(95% reference interval)

23

24

±1.96 SD(95% reference interval)

Parameter

Study 2

Study 1

Our study

Reference values

4.3 (3.5-5.1)

4.5-5.8

4.45 (3.61-5.29)

RBCs (Œ x 106 µl)

15.3 (12.7-17.9)

14-20

15.9 (13-18.8)

Hemoglobin (g/dl)

49 (38-59)

43.63

48.3 (39.6-56.9)

Hematocrit (%)

112 (100-124)

100-120

108.7 (97.5-119.8)

MCV (fl)

36.2 (31.8-40.6)

32-40

35.8 (31.7-40)

MCH (pg)

30.9 (28.3-33.5)

30-34

33 (30.1-35.2)

MCHC (g/dl)

_

_

17.1 (14.1-20.3)

RDW (%)

_

200-600

376 (0-2298)

NRBC (µl)

RESULTS
Reference values of RBCs, Hb, HCT, MCV, MCH
and MCHC compare with other studies are shown
in Table 1. HCT >65% was not seen in any newborn. Mean corrected leukocyte count and diferential count in comparison with other studies are
shown in Table 2. Neutrophil count was less then 4
x 103 µl in 32%, less than 1.5 x 103 µl in 1.3% and
more than 4 x 103 µl in 76% of subjects. Mean platelet count and its indices are shown in Table 3.
Thrombocytopenia less than 150 x 103 µl and less
than 100 x 103 µl were observed in 6.2% and 0.7%,
respectively.
DISCUSSION
References values have a great impact on interpretation of a test results since there is always a need
for comparing the obtained results with these valu-

es. Reference values usually include 95% of health
population in their measures.5 It is advised not to
use the incorrect term of “normal range” since the
concepts of health and disease are discussed from
the laboratory point of view and reference values
are not always derived from "healthy" people. To
be more exact, it is better to use terms such as reference values or reference ranges.2,7,8,9 It is recommended to include at least 120 samples for obtaining reference values in a population.2 To address
this issue we considered more samples to increase
the precision of reference values determination. Some studies have suggested that associated features
such as gestational age, site of sampling (vein, capillary), kind of delivery, sex, environment and time and condition of sampling have influence on results.10-12 Despite this fact, some studies have shown
that hematologic reference values in neonates do
not relate to sex.13-14 Capillary blood vs. vein samp-

Table 2. Reference values of WBC (µl x103), absolute (µl x 103) and relative leukocyte counts (%) in our study compared with other study23
Leukocyte

Neutrophil

Lymphocyte

Monocyte

Eosinophil

Our

mean

range

mean

range

%

mean

range

%

mean

range

study
0.153

11.62

5.16-18.2

5.68

1.12-10.2

48

4.8

1.14-8.46

42

0.738

0.9-1.64 7

0.38

0.87-1.29 3

0.005 0

Other

18

9-30

10.98

_

61

5.58

_

31

1.08

_

0.36

_

_

%

6

mean range

Basophil
%

2

mean range
-

_

study*
* Brugnara C. Reference Values in infancy and childhood. Nathan DG, Orkin SH,Ginsburg D, Look AT. In: Nathan and ski’s hematology of infancy
and childhood, 6th ed, Saunders company , Philadelphia, 2003:1838-1850.
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Table 3. Reference values of platelet in our study compared with other study11,23
Other study

Mean (reference interval)

Parameter / Value

288 (182-394)23

257 (131-383)

Platelet count (µl x103)

8.9 (8.5-11.3)11

9.9 (8.5-11.6)

MPV (fl)

_

12 (9.4-16.4)

PDW (fl)

_

24.2 (13.4-35)

P-LCR (%) *

* Platelet large cells ratio

le has more RBCs and Hb levels.15 Also results of
vein samples have more stability than capillary
samples have and Cord blood hemoglobin is lower
in the presence of low maternal hemoglobin.16 In
our study we tried to standardize all the parameters
that can affect results of our laboratory tests. As
shown in Table 1; mean RBCs, Hb, and MCHC in
comparison with study number 2 are higher and
HCT, MCH, and MCV are lower. However, in studies performed in Ghazvin and Mashhad on adults,
values of RBCs and Hb were higher and MCV was
lower than European reference values.17,18 These
differences could be related to race and geographic
factors especially altitude from sea level (15). Lower MCV in our study may be related to high prevalence of iron deficiency anemia and iron depletion especially in women17,19 and higher incidence of
thalassemia (3-4%) in this region.10 Polycytemia
(HCT >65%) in preterm and SGA neonates are relatively common, however in our study we did not
find any polycythemia. It is probably because of selecting term and AGA neonates in this study. RDW
shows difference in size of RBCs. Reference value
in adults is less than 14% (18). Compare to this range, we had some higher value of reference rage for
RDW (Table 1).
Normoblasts are seen normally in blood of neonates during the first week of life.9,11,15 In this research,
absolute normoblast count in peripheral blood was
more than the other studies. We can not explain this
finding exactly; however, it may be related to fetal
hypoxia (Table 1). Leukocyte count in the first day
of birth is higher than the other days of life and is
affected by many factors20 such as type of delivery.
It has been shown that neonates delivered by cesarean section have lower level of leukocyte count
104

than neonates with normal delivery.16 As shown in
table 2, means absolute leukocyte count was lower
in our study. These may be related to the type of delivery and race. Another study performed in Mashhad on adults confirms our finding on leukocyte count. Absolute Neutrophil count less than 4 x 103 µl
in the first day of life is defined as neutropenia.11
According to this definition, 23% of individuals in
this study had neutropenia. This finding also underscores that each region should be its own reference values and base on this ranges, diagnosis and
treatment should be done.
Platelet count in our study was lower than the result
of study 1 (Table 3) where as in another study mean platelet count was higher.11 It is shown that platelet count is mildly lower than adult range in the
first days of life but it reaches the adult level after
7th day of labor.15 MPV has a reverse relation with
palate count. PDW shows difference in platelet size.15,21 In a study performed in Mashhad on adults,
reference range for MPV was reported 7.4 - 10.7
fl.22 Power of the study was comparison of all parameters of CBC in the significant numbers of the neonates with the results of other studies. A limitation of study was determination of reference ranges
only in venous blood; it was better we also determined them in the capillary blood.
As a conclusion, reference values in umbilical cord
of term neonates in our study has some differences
with other studies; especially, RBCs and hemoglobin were higher and MCV, WBC and absolute neutrophil count were lower. This point should be considered in interpreting the test results and applying
them in diagnosis and treatment.
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