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ABSTRACT
Background. Complete blood count is one of the most accessible and common laboratory tests available today. In present-day healthy 
newborns, complete blood count levels differ from the normative values used in the 1970s, which may require critical analysis, clarification, 
further research, and revision of the concept of norm. Objectives. To identify changes in the hematologic parameters of healthy newborns 
born in 2022 as compared to those reported in the 1930s and 1967–1970s. Methods. A retrospective cohort study of neonatal records was 
conducted at the Neonatal Physiology Unit of the Perinatal Center of the Saint Petersburg State Pediatric Medical University (Ministry of 
Health of the Russian Federation). Eleven hematologic parameters were analyzed in 378 healthy full-term newborns (born in 2022) in their 
first three days of life with subsequent comparison of the obtained results with the data of 20th-century domestic publications, as well as with 
Russian and foreign scientific articles published in the last 15 years. The blood of all children was tested once using a Micros ES 60 automat-
ed hematology analyzer (HORIBA ABX S.A.S., France). Mathematical and statistical data processing was performed using Microsoft Office 
Excel 2021 (Microsoft, U.S.). Results. A comparison of red blood cell and hemoglobin levels reported in newborns in their second and third 
days of life in 1970 and 2022 revealed statistically significant differences, with lower levels observed at present. Mean platelet counts are also 
significantly lower than those reported in the 1930 and 1970 studies but are almost the same as those reported by other authors in 2012–2019. 
The mean white blood cell count is slightly higher as compared to the 20th-century normative values. The dynamics of changes in the mean 
white blood cell count are similar in all studies presented in the article, revealing a marked decrease by the third day of life as compared to 
the first and second days; however, 20th century data reveals even lower levels on the third day of life. Noteworthy is the decrease in the 
relative numbers of lymphocytes and band neutrophils with an increase in segmented neutrophils in this study as compared to the 1930, 
1970, and 2012 studies. Conclusion. The current mean values and reference intervals of hematologic parameters in healthy newborn babies 
differ from those presented in scientific studies and medical articles of the 20th century. This fact requires repeat analysis and establishment 
of new norms due to the increased sensitivity of analysis, the emergence of new procedures, and higher accuracy of equipment, as well as, 
potentially, due to changes in the maturity criteria and physical development indicators for newborns in the 21st century.
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Показатели клинического анализа крови у здоровых новорожденных 
в первые дни жизни (сравнительный анализ с нормами ХХ века): 
ретроспективное когортное исследование
Л.В. Сахно*, И.В. Колтунцева, А.Н. Растеряев, С.В. Баирова, К.Б. Шурыгина, М.О. Ревнова, 
Л.А. Федорова, М.И. Леваднева
Федеральное государственное бюджетное образовательное учреждение высшего образования «Санкт-Петербургский 
государственный педиатрический медицинский университет» Министерства здравоохранения Российской 
Федерации, ул. Литовская, д. 2, г. Санкт-Петербург, 194100, Россия
АННОТАЦИЯ
Введение. Клинический анализ крови на сегодняшний день является одним из наиболее доступных и распространенных лабо-
раторных исследований. Показатели анализа крови у современных здоровых новорожденных отличны от используемых норм 
70-х годов ХХ века, что, возможно, требует критического анализа, уточнения, дальнейших исследований и пересмотра поня-
тия нормы. Цель исследования — выявить изменения гематологических показателей здоровых новорожденных, рожденных 
в 2022 г., по сравнению с показателями 30-х и 67–70-х гг. ХХ в. Методы. Ретроспективное когортное исследование по исто-
риям развития было проведено на базе физиологического отделения новорожденных Перинатального центра федерального 
государственного бюджетного образовательного учреждения высшего образования «Санкт-Петербургский государственный 
педиатрический медицинский университет» Министерства здравоохранения Российской Федерации. Проанализировано один-
надцать гематологических показателей у 378 здоровых доношенных детей 2022 года рождения в первые три дня жизни с по-
следующим сопоставлением и сравнением полученных результатов с данными отечественных публикаций ХХ века, а также 
с научными российскими и зарубежными статьями последних 15 лет. Исследование крови всех детей проводилось однократно 
с использованием автоматического гематологического анализатора Micros ES 60 (HORIBA ABX S. A. S., Франция). Математиче-
ская и статистическая обработка данных проводилась при помощи пакета лицензионных программ Microsoft Office Excel 2021 
(Microsoft, США). Результаты. При сравнении показателей эритроцитов и гемоглобина новорожденных второго и третьего дня 
жизни в 1970 и 2022 гг. выявлены статистически достоверные отличия и более низкие значения в настоящее время. Среднее 
количество тромбоцитов также достоверно ниже, чем в исследованиях 1930 и 1970 гг, но почти совпадает с исследованиями 
других авторов в 2012–2019 гг. Среднее количество лейкоцитов несколько выше по сравнению с нормами ХХ века. Динамика 
изменения среднего количества лейкоцитов совпадает во всех представленных в статье исследованиях и выявляет заметное 
снижение к третьему дню жизни по сравнению с первым и вторым днем, но, по данным ХХ в., на третий день жизни отмечались 
более низкие показатели. Обращает внимание снижение относительного количества лимфоцитов и палочкоядерных нейтрофи-
лов с увеличением сегментоядерных нейтрофилов в данном исследовании по сравнению с показателями 1930, 1970 и 2012 гг. 
Заключение. Современные средние значения и референсные интервалы гематологических показателей у здоровых новоро-
жденных детей отличаются от показателей, представленных в научных исследованиях и медицинских статьях ХХ века. Дан-
ный факт требует повторных исследований и разработки новых нормативов в связи с повышением чувствительности анализа, 
появлением новых методик и увеличением точности оборудования, а возможно, и с изменением критериев доношенности и по-
казателей физического развития новорожденных в ХХI веке.
КЛЮЧЕВЫЕ СЛОВА: норма гематологических показателей, клинический анализ крови, новорожденный ребенок, референсный 
интервал
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INTRODUCTION
Complete blood count (CBC) is included in the list of man-

datory tests and is used by physicians in their everyday prac-
tice in the examination of healthy and sick children.

In the first days of life, the hematologic parameters of 
newborns constitute important indicators of their health and 
development. They reflect the condition of various organs 
and systems of the body, indicating the presence of patho-
logical processes. Noteworthy is that recent decades have 
seen significant changes in the environmental situation, de-
velopment and maturation of children, as well as consider-
able technological advances in laboratory diagnostics. The 
hemogram test has been used for over a century; the latest 
generations of analyzers are capable of performing about 
100 analyses per hour, evaluating over 40 parameters and 
using 12–50 µL of biomaterial [1]. In the new reality, the 
use of outdated normative values for interpretive purposes 
is not well justified.

In 1930, on the basis of his observations, Alexander Tur 
determined and published norms for blood levels in healthy 
children, which immediately found wide application in pe-
diatric practice. In over 35 years, children and their environ-
ment changed, which led to changes in hemogram parameters 
as well. In this connection, in 1966–1967, Alexander Tur and 
Nikolay Shabalov conducted a retrospective study examin-
ing a large number of healthy children from both Leningrad 
and other regions of the USSR. As a result, they published a 
monograph in 1970 for practitioners and scientific workers of 
various specialties, which not only revised some blood level 
norms established in 1930 but also compared their values with 
the data of other researchers.1

After 1970, domestic scientists continued to address the is-
sue of pediatric blood level norms; however, these parameters 
have not been revised in the last 50 years.

In modern clinical guidelines and textbooks, authors refer 
to normative values that were established over 40–50 years 
ago. For example, the domestic Clinical Guidelines “Congeni-
tal Anemia due to Fetal Blood Loss” (2024)2 use the reference 
values of red blood cell levels that are derived from a 1977 
study [2].

Few modern studies on blood level norms for children are 
available due to the ethical difficulty in finding volunteers, 

i.e., a sufficient number of healthy children of different ages 
and sexes. Foreign authors note that no normative CBC pa-
rameters are available for newborns because it is virtually 
impossible to obtain the approval of an ethical committee to 
collect blood samples for purely research purposes [3]. Blood 
drawing in newborns and infants is technically difficult due to 
the smaller size of anatomical structures and increased sen-
sitivity to pain and medical procedures. Other pre-analytical 
factors that should be considered in determining reference 
intervals (RI) include food and medication intake, physical 
activity, body position, time of day, sample volume and type, 
presence of anticoagulants in the tubes, transport duration and 
temperature, method of storage and sample preparation for 
analysis, etc. [1].

A large number of aspects should be considered when estab-
lishing RIs: sex, age, ethnicity, geography, climate, seasonal 
changes, and dietary patterns. In pediatric practice, special at-
tention is paid to the child’s age, the degree of organ develop-
ment and its maturity [4]. The maturity criteria have changed 
in the 21st century (i.e., 37–42 weeks); in the 20th century, 
the child was considered full-term after 38 full weeks of ges-
tation. In addition, a large number of studies focus on chang-
es in the main indicators of physical development in children 
(body weight and length). New international standards have 
been created; their application in practical pediatrics is justi-
fied in the works of domestic authors [4–6]. We also assume 
that changes in the parameters may be related to the global 
shift in the age of first-time mothers in developed countries 
in the 21st century as compared to the 20th century (i.e., from 
23–25 to 30–33 years).

When comparing known reference ranges, it is important to 
take possible genetic features of the population into account. 
Due to the multinationality and wide geographical area of 
Russia, such differences can be manifested at regional levels 
[4, 7].

Thus, due to the specified factors, either outdated data and 
reference intervals or data borrowed from large foreign studies 
are often used in the literature (including educational literature 
and scientific works) and, therefore, the work of pediatricians, 
despite the greater accuracy and speed of research.

Unfortunately, most RIs for laboratory tests were established 
over four decades ago using analytical technologies that are 

1 Tur A.F., Shabalov N.P. Blood levels in healthy children of different ages. USSR Academy of Medical Sciences, Moscow: Meditsina, 1970. (In Russ.)
2 All-Russian Non-governmental Neonatology Development Organization “Russian Neonatology Society” (RNS); Association of Perinatal Medicine, 
Prenatal Care, and Provision of Care to Newborns and Children up to Three Years of Age (ASPM+). Congenital Anemia due to Fetal Blood Loss and Other 
Congenital Anemias in Newborns. Clinical Guidelines. 2024. (In Russ.) Available: https://opcyar.ru/docs/standarts/Неонатология%20Клинические%20
рекомендации/Врожденная%20анемия%20вследствие%20кровопотери%20у%20плода.pdf

https://opcyar.ru/docs/standarts/������������ ����������� ������������/���������� ������ ���������� ����������� � �����.pdf
https://opcyar.ru/docs/standarts/������������ ����������� ������������/���������� ������ ���������� ����������� � �����.pdf
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largely outdated and cannot be considered relevant in terms of 
modern methods [1].

In a 2012 study, the authors note that normative white blood 
cell differential parameters presented in current neonatology 
guidelines often differ by several times.3

Given the difference in the limits of physiological vari-
ations in the CBC parameters of newborns, studies that 
provide a means to identify the possible causes of this 
variability for certain groups of children are of particular 
importance. In 2012, the Almazov Federal Heart, Blood, 
and Endocrinology Centre examined and statistically pro-
cessed the hemogram test results of 298 “conditionally 
healthy” newborns (with unfavorable obstetric history; 
cephalohematoma; indications for conservative therapy of 
hyperbilirubinemia; clinical symptoms requiring differ-
entiation between transient conditions and the developing 
pathological process). The relationship between changes in 
white blood cell levels at the beginning of the adaptation 
period and antenatal/intrapartum risk factors was proved. 
This dependence indicates the need for applying the estab-
lished hemogram norms in clinical practice since the in-
terpretation of examination results obtained for such new-
borns using available norms will be inaccurate.4

Of interest is the work of Nadezhda Eliseeva et al. published 
in 2019. [8], in which 574 newborns were studied. The au-
thors believe that it is necessary to establish RIs for each type 
of analyzer and the hemogram parameters of children using 
a hospital database.

Foreign sources often consider the blood level norms in 
children in terms of various aspects: the region of residence, 
the sex of the child, and the type of analyzer used in the 
study. Large samples of full-term healthy newborns were 
used for CBC analysis in order to establish reference inter-
vals [9], as well as to determine the features of hemograms in 
newborns of some countries or regions of a particular coun-
try [10, 11]. Other observations were aimed at establishing 
norms for blood levels in children: hemoglobin, red blood 
cells, or platelets [3, 9]. A prospective study was conducted 
to establish a hemogram RI for healthy newborns, with the 
blood analysis performed using a Sysmex XN-1000 auto-
mated hematology analyzer [12]. A large number of works 
are devoted to establishing RIs in children of different ages, 
including the hemogram parameters of children aged three 
days and older [13].

All of the above-mentioned issues may adversely affect the 
treatment and diagnostic process; the use of incorrect pediatric 
RIs will complicate the diagnostic search and may lead to re-
peated blood draws and increased duration of hospitalization.

The study aims to identify possible changes in the hemato-
logic parameters of healthy newborns in 2022 as compared to 
parameters reported in the 1930s and 1967–1970s.
METHODS
Study design

The study design is based on a comparative analysis of data 
from a 2022 retrospective cohort study of normative hemato-
logic parameters in conditionally healthy newborns (1–3 days 
of age) and data reported in 20th-century studies: 1930 and 
1967–1970 studies by Academician Alexander Tur and Ni-
kolay Shabalov, as well as data from 21st-century domestic 
authors5 [11].
Study conditions

The laboratory studies were conducted at the Neonatal 
Physiology Unit of the Perinatal Center at the Saint Petersburg 
State Pediatric Medical University (SPbSPMU). An analysis 
of the obtained results was performed at the Department of 
Pediatrics named after Academician A. F. Tur of SPbSPMU.
Eligibility criteria
Inclusion criteria

The study included healthy full-term (37–42 weeks of ges-
tation) newborns with an Apgar score of 7–10 at birth. No pa-
thologies were detected in the examined children at the time of 
their stay at the Perinatal Center; the children were discharged 
home on days 3–5 of life in a satisfactory condition; they did 
not receive antibacterial therapy at the maternity hospital. 
The CBC test was performed once due to risk factors for the 
mother (unfavorable obstetric history, etc.) or the child (clini-
cal symptoms requiring differentiation between transient and 
pathologic conditions), and no repeat testing was required for 
clinical needs.
Exclusion criteria

Pre-term newborns; full-term newborns with an Apgar score 
of less than 7 at one minute of life and less than 9 at five min-
utes of life; discharge on day 6 or later; any primary or sec-
ondary diagnosis other than “healthy” at the discharge of a 
newborn.
Description of eligibility criteria (diagnostic criteria)

All full-term newborns who underwent CBC on one of the 
first days of life and were discharged from the Perinatal Center 
on days 3–5 of life with a diagnosis of “healthy”.
Selection of group members

The study group members (n = 378) were selected retrospec-
tively using the clinical and medical history data of newborns 
and the results of the CBC test conducted on day 1 (n = 30), or 
day 2 (n = 301), or day 3 (n = 47) of life, taking the inclusion 
and exclusion criteria into account.

3 Kurzina E.A., Petrenko Yu.V., Ivanov D.O. Complete blood count in newborns during adaptation. Bulletin of Almazov Federal Heart, Blood and 
Endocrinology Centre. 2012;1:56–60. (In Russ.)
4 All-Russian Non-governmental Neonatology Development Organization “Russian Neonatology Society” (RNS); Association of Perinatal Medicine, 
Prenatal Care, and Provision of Care to Newborns and Children up to Three Years of Age (ASPM+). Congenital Anemia due to Fetal Blood Loss and Other 
Congenital Anemias in Newborns. Clinical Guidelines. 2024. (In Russ.) Available: https://opcyar.ru/docs/standarts/Неонатология%20Клинические%20
рекомендации/Врожденная%20анемия%20вследствие%20кровопотери%20у%20плода.pdf
5 Tur A.F. Practical pediatric hematology. Moscow; Leningrad: Gos. Med. Izd-vo, 1931. (In Russ.)
Tur A.F., Shabalov N.P. Blood levels in healthy children of different ages. USSR Academy of Medical Sciences, Moscow: Meditsina, 1970. (In Russ.) 
Kurzina E.A., Petrenko Yu.V., Ivanov D.O. Complete blood count in newborns during adaptation. Bulletin of Almazov Federal Heart, Blood and Endocrinology 
Centre. 2012;1:56–60. (In Russ.)

https://opcyar.ru/docs/standarts/������������ ����������� ������������/���������� ������ ���������� ����������� � �����.pdf
https://opcyar.ru/docs/standarts/������������ ����������� ������������/���������� ������ ���������� ����������� � �����.pdf
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Target parameters in the study
Main parameter in the study

For all full-term newborns, the CBC was performed once.
Additional parameters in the study

Additional parameters are not provided in this study.
Methods for measuring the target parameters

Blood was drawn once from the newborns of the studied 
group to perform a CBC using a Micros ES 60 automated he-
matology analyzer (HORIBA ABX S.A.S., France), evaluating 
11 hemogram parameters: red blood cell count (RBC, 1012/L); 
hemoglobin (Hgb, g/L); mean cell hemoglobin (MCH, pg); 
platelet count (PLT, 109/L); white blood cell count (WBC, 
109/L); relative number of lymphocytes (LY, %), monocytes 
(MON, %), band and segmented neutrophils (GR, %), eosino-
phils (EOS, %), and basophils (BAS, %).

The obtained results were comparatively analyzed against 
the 20th-century normative values, which were found in 
literary sources.
Variables (predictors, confounders, and effect 
modifiers)

The confounding factors that can independently affect the 
hematologic parameters of CBC primarily include neonatal 
diseases. These factors were mitigated at the sampling stage 
through their addition to the exclusion criteria.
Statistical procedures
Principles behind sample size determination

The sample size was not determined in advance.
Statistical methods

The means (M) and standard deviations (SD) were calculat-
ed; the variation limits (min-max) for red and white blood cell 
levels in newborns were determined. Statistical data process-
ing was performed using Microsoft Office Excel 2021 (Micro-
soft, U.S.) with an additional data analysis package. Data were 
described using the means (M) and standard deviations (SD). 
The Pearson’s χ² test without Yates’s correction was applied to 
analyze the distribution in the studied samples. The parametric 
Student’s t-test was used to compare independent groups in 
terms of quantitative characteristics. Differences were consid-
ered to be significant at p < 0.05.
RESULTS
Sampling

Children born at the Neonatal Physiology Unit of the Perina-
tal Center of SPbSPMU in 2022 served as the base population 
for the study. A total of 568 neonatal records of newborns who 
were discharged with a diagnosis of “healthy” and underwent 
at least one CBC were selected. Forty-five records with blood 
test data containing clerical errors or lost data were excluded. 
Five hundred and twenty-three records were screened accord-
ing to the inclusion criteria. In the following cases, children (n 
= 145) were excluded from the study: gestational age of < 37 
weeks; one or both Apgar scores were less than 7 at one minute 
of life or less than 9 at five minutes of life; biochemical blood 
analysis was performed and elevated bilirubin levels were not-
ed; the CBC was performed more than once; discharge on day 
6 or later. The block diagram of the study design is presented 
in the figure.

Characteristics of the study sample (groups)
The study examined and analyzed the data of 378 children: 

211 boys and 167 girls, with 164 children born naturally and 
214 by cesarean section. The mean birth weight of the chil-
dren was 3700 g and the mean body length was 53 cm. The 
mean age of maternity patients amounted to 33 years. Table 1 
shows the medical data, body weight, and body length of the 
newborns divided into groups according to the day when the 
CBC was performed. No significant differences in the physical 
development indicators (body weight and length) were noted 
in the groups. In addition, the mean maternal age in all three 
groups also does not differ significantly (Table 2).

Cases to be potentially included (n = 568)

Not evaluated as per inclusion criteria ( n = 45)
Data are missing or contain clerical errors

Evaluated as per inclusion criteria (n = 523)

Fail to meet the inclusion criteria (n = 145)

Included in the study (n = 378) 

Removed from the observation (n = 0)

Data available for analysis:
Red blood cell and platelet levels (n = 378);

White blood cell differential parameters (n = 370)

Day 1
RBP (n = 30) / 
WBC (n = 24)

Completed the study
(n = 30 / 24)

Removed from the study
(n = 0 / 6) 
invalid data

Day 2
RBP (n = 301) / 
WBC (n = 299)

Completed the study
(n = 301 / 299)

Removed from the study
(n = 0 / 3) 
invalid data

Day 3
RBP (n = 47) / 
WBC (n = 47)

Completed the study
(n = 47 / 47)

Removed from the study
(n = 0 / 0) 

Figure. Block diagram of the study design
Note. The block diagram was created by the authors (as per 
STROBE recommendations). Abbreviations: RBP — red blood 
cell and platelet levels; WBC — white blood cell differential pa-
rameters.
Рисунок. Блок-схема дизайна исследования
Примечание: блок-схема выполнена авторами (согласно 
рекомендациям STROBE). Сокращения: RBP — показатели 
красной крови и тромбоцитов; WBC — показатели 
лейкоцитарной формулы.
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The present authors did not aim to compare age-specific 
CBC parameters in children. In this study, the normative CBC 
values for newborns reported in the works of Alexander Tur 
(1930)6 and Nikolay Shabalov (1970),7 as well as domestic 
data reported in 2012,8 served as control groups.

Main study results
The mean CBC parameters in healthy newborns in 2022 

were calculated and compared with the domestic normative 
values for newborns in the 20th century (1970).

The study and dynamics assessment of the mean red blood 
cell count in newborns in 2022 reveals a slight decrease in the 
levels in the first three days of life (5.79–5.38–5.17×1012/L); 
the total red blood cell count is lower than in the 19306 and 
19707 studies (Table 2). No significant differences were found 
between this study and the 2012 study8 (Table 2).

A comparison of the mean red blood cell counts in newborns 
shows a decrease in this parameter in 2022 as compared to the 
19306 and 19707 studies (Table 2).

In a study by Alexander Tur (1930), the hemoglobin level 
was measured via the colorimetric method using a Migos 
nanometer, in which 100% hemoglobin corresponded to 
17g% oxyhemoglobin. In 1967–1970, 100% corresponded 
to 16.7% hemoglobin7 in GS-2 hemometers; conversion to 
g/L was performed. Due to the use of different methods for 
statistical data processing in 1930 and 2022 and the lack of 
data on sample size and SD in the 1930 monograph by Al-
exander Tur (only mean, minimum, and maximum values of 
parameters are provided), it was not possible to determine 
the significance of differences between the obtained data 
and those reported in 1930. In this connection, the mean 
1930 data are presented in tables for historical reference. 
In addition, the monograph of Alexander Tur and Nikolay 
Shabalov (1970) notes a change in red and white blood 
cell levels as compared to the previously published norms 

(1930), so it is logical to assume that if the 1970 and 2022 
data are proved to be different, then the 1930 data are also 
different from 2022.

The dynamics assessment of hemoglobin levels in 2022 re-
vealed a decrease from 202.33 to 180.79 g/L. The mean cell 
hemoglobin remained stable. Mean hemoglobin level and mean 
cell hemoglobin in children born in 2022 are slightly lower as 
compared to the parameters reported in 1930 and 1970 but high-
er than those in the study by Elizaveta Kurzina et al. (2012).

From day 1 to day 3 of life, a decrease in red blood cell 
parameters—hemoglobin and red blood cells—is observed 
(Table 2), with no significant changes in the mean cell hemo-
globin. From day 1 to day 3, the mean platelet count remains 
almost the same.

A comparison of data on the red blood cell counts and hemo-
globin levels on days 2 and 3 of life revealed statistically sig-
nificant differences between the 1970 and 2022 data; on day 1 
of life, these parameters do not differ significantly, which may 
be attributed to this group having the smallest number of new-
borns (n = 30). No significant differences in the number of red 
blood cells and hemoglobin levels were found between 2022 
and 2012 data, which confirms our hypothesis about changes 
in some parameters due to the long period of time and biolog-
ical changes in the population.

According to 2022 data, the mean platelet count does 
not change significantly in the first three days of life 
(241(250−254)×109); however, a slight trend for higher plate-
let counts is observed, as in the study by Elizaveta Kurzina 
et al.9 Conversely, the 1930 and 1970 studies reported signifi-
cantly higher platelet levels at birth (327 and 282×109/L) and a 
significant downward trend (to 300 and 208×109/L) (Table 2).

Noteworthy is that 2022 platelet counts remain almost sta-
ble throughout the first three days of life, thus confirming the 
stability of their production and destruction mechanism in 

Table 1. Characteristics of the studied groups of newborns depending on the age at which the CBC was performed
Таблица 1. Характеристика групп исследования новорожденных в зависимости от возраста, в котором взят 
клинический анализ крови

Some parameters and medical data of 
newborns

Day of life 
Day 1 (n = 30) Day 2 (n = 301) Day 3 (n = 47)

Sex:
Male 23 170 18
Female 7 131 29
Body length*, m (M ± SD) 0.52 ± 0.02 0.52 ± 0.06 0.53 ± 0.02
Body weight*, kg (M ± SD) 3.39 ± 0.45 3.75 ± 0.47 3.56 ± 0.49
Maternal age*, years (M ± SD) 32.77 ± 4.09 33.51 ± 5.02 32.02 ± 5.46
Physiologic childbirth 11 (36.6%) 127 (42.3%) 26 (55.3%)
Planned cesarean 19 (63.3%) 174 (57.7%;) 21 (44.7%)

Notes: The table was compiled by the authors; * no statistically significant differences in the parameter were found (р > 0.05).
Примечания: таблица составлена авторами; * статистически достоверных различий показателя не получено (р > 0,05).

6 Tur A.F. Practical pediatric hematology. Moscow; Leningrad: Gos. Med. Izd-vo, 1931. (In Russ.)
7 Tur A.F., Shabalov N.P. Blood levels in healthy children of different ages. USSR Academy of Medical Sciences, Moscow: Meditsina, 1970. (In Russ.)
8 Kurzina E.A., Petrenko Yu.V., Ivanov D.O. Complete blood count in newborns during adaptation. Bulletin of Almazov Federal Heart, Blood and 
Endocrinology Centre. 2012;1:56–60. (In Russ.)
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Table 2. Red blood cell and platelet levels in healthy newborns in 1930, 1967–1970, 2012, and 2022.
Таблица 2. Показатели красной крови и тромбоцитов здоровых новорожденных 1930, 1967–1970, 2012, 2022 гг. 

Parameters Day of 
life 

Alexander Tur 
(1930)

Alexander Tur and
Nikolay Shabalov (1967–1970)

Elizaveta Kurzina et 
al. (2012)

Present authors 
(2022)

M* M ± SD M ± SD M ± SD
Red blood 
cell count 
(1012/L) 
(RBC)

1 6.62 6.09 ± 0.68* 5.40 ± 0.75* 5.79 ± 0.77
2 5.73 6.05 ± 0.66*** 5.30 ± 0.60* 5.38 ± 0.69

3 5.40 5.92 ± 0.68*** 5.40 ± 0.60* 5.17 ± 0.81

Hemoglobin 
(Hgb) 

1 124.00% 210.8 g/L 212.0 ± 20.0* 178.9 ± 21.8 202.33 ± 26.94
2 115.00% 195.5 g/L 204.0 ± 19.0*** 174.5 ± 18.25 188.86 ± 22.77
3 108.00% 183.6 g/L 208.0 ± 22.0*** 176.1 ± 20.7* 180.79 ± 25.84

Mean cell 
hemoglobin 
(pg) (MCH)

1 31.84 38.00 ± 4.00 33.13* 34.95 ± 1.27
2 34.12 39.00 ± 3.00 32.92* 35.25 ± 1.86
3 34.00 39.50 ± 3.00 32.61* 35.14 ± 2.27

Platelet count 
(109/L) (PLT)

1 282.00 327.50 ± 110*** 214.5 ± 75.2** 241.43 ± 79.69
2 228.00 308.50 ± 114*** 228.1 ± 79.55* 250.94 ± 66.83
3 208.00 300.90 ± 107.5** 235.3 ± 69.9* 254.64 ± 74.05

Notes: The table was compiled by the authors; * no statistically significant differences in the parameter were found (р > 0.05); ** signif-
icance of the difference between the 2022 parameter and the author’s data of p < 0.005; *** significance of differences between the 2022 
parameter and the author’s data of р < 0.0000001.
Примечания: таблица составлена авторами. * статистически достоверных различий показателя не получено (р > 0,05); 
** достоверность различия показателя 2022 г. с данными автора р < 0,005; *** достоверность различий показателя 2022 г. 
с данными автора р < 0,0000001.

Table 3. White blood cell differential in healthy newborns in 1930, 1967–1970, 2012, and 2022.
Таблица 3. Показатели лейкоцитарной формулы здоровых новорожденных 1930, 1967 –1970, 2012, 2022 гг.

Parameters Day of 
life

Alexander Tur 
(1930)

Alexander Tur and
Nikolay Shabalov (1967–1970)

Elizaveta Kurzina 
et al. (2012)

Present authors 
(2022)

M* M ± SD M ± SD M ± SD

White blood cell 
count (109/L) (WBC)

1 26.40 16.70 ± 5.34*** 27.50 ± 8.20** 23.12 ± 6.81
2 15.10 15.00 ± 4.90*** 19.80 ± 6.00** 22.75 ± 5.80
3 13.60 11.50 ± 3.74*** 17.10 ± 6.80* 16.86 ± 5.32

Band neutrophils (%) 
1 — 6.60 ± 5.80** 8.80 ± 6.85 3.88 ± 2.92
2 — 5.90 ± 5.40** 3.70 ± 3.40* 3.64 ± 3.35
3 — 3.80 ± 2.80** 4.10 ± 3.50** 2.00 ± 2.04

Segmented 
neutrophils (%)

1 — 61.20 ± 11.60* 57.50 ± 8.85 64.75 ± 11.95
2 — 58.00 ± 11.10*** 57.50 ± 11.35* 63.32 ± 8.13
3 — 52.50 ± 11.00*** 51.40 ± 12.40 60.17 ± 7.03

Eosinophils (%)
1 2.16 2.60 ± 1.90* 1.40 ± 1.70* 1.92 ± 2.41
2 3.00 2.90 ± 2.10** 2.20 ± 1.02* 2.09 ± 2.04
3 3.00 3.70 ± 2.00* 3.00 ± 2.50* 3.28 ± 2.29

Basophils (%)
1 0.50 — 0.30 ± 0.60 0.33 ± 0.99
2 0.00 — 0.30 ± 0.65 0.66 ± 1.36
3 0.00 — 0.20 ± 0.50 0.57 ± 1.40

Lymphocytes (%)
1 22.16 23.60 ± 8.10* 24.40 ± 7.78 21.38 ± 10.99
2 24.00 26.70 ± 8.10** 29.40 ± 10.95 22.19 ± 7.72
3 30.50 31.10 ± 9.20* 33.00 ± 11.30 26.09 ± 6.92

Monocytes (%)
1 9.00 7.30 ± 3.20* 6.30 ± 2.55 7.67 ± 2.69
2 10.50 8.40 ± 3.70* 6.50 ± 2.70 7.96 ± 2.85
3 11.00 10.10 ± 4.20* 7.90 ± 3.20* 8.00 ± 2.95

Notes: The table was compiled by the authors; * no statistically significant differences between the 2022 parameter and the author’s data 
were found (р > 0.05); ** significance of the difference between the 2022 parameter and the author’s data of р < 0.01; *** significance of 
differences between the 2022 parameter and the author’s data of p < 0.0000001.
Примечания: таблица составлена авторами; * статистически достоверных различий показателя 2022 г. с данными автора 
не получено (р > 0,05); ** достоверность различия показателя 2022 г с данными автора р < 0,01; *** достоверность различий 
показателя 2022 г с данными автора р < 0,0000001.
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the neonatal period. As compared to 1930 and 1970 data, a 
decrease in platelet levels at birth is observed; however, the 
upward trend throughout the first days of life remains. A com-
parison of platelet counts revealed statistically significant dif-
ferences between the 2022 and 1970 data.

The 1970 data reveals a significantly lower total white blood 
cell count at birth (16.7×109/L) as compared to all other studies 
where the values of this parameter are approximately the same 
((23–27)×109/L). The dynamics of changes reveal a marked de-
crease by day three of life compared to days one and two (Ta-
ble 3). The same trend is observed in all compared studies; how-
ever, the 1930 and 1967–1970 data reveals lower levels on day 
3 of life ((13.6–11.5)×109/L) as compared to the 2012 and 2022 
data ((17.1–16.86)×109/L, respectively). The results of this study 
are comparable to the data obtained in the 2016 study analyz-
ing the white blood cell counts of 476 healthy newborns, which 
were as follows: (22.5 ± 6.2)×109/L at birth; (13.2 ± 3.7)×109/L 
on day 2 of life; (12.3 ± 3.2)×109/L on day 3 of life [14].

The relative number of segmented neutrophils (1970–2022) 
also exhibits a downward trend; however, it is higher by 3–6% on 
days 1 and 2 of life and by 7–8% on day 3 in the present study as 
compared to the 1970 and 2012 data (Table 3). In this study, the 
number of band neutrophils in children on day 1 of life is signifi-
cantly lower than in the 1970 and 2012 studies (3.88, 6.60, and 
8.80%, respectively). The downward trend on day 3 is slight and 
similar to that in 1970 (3.88–2.00 and 6.60–4.10%, respectively). 
Significantly different are the 2012 data that showed high levels 
at birth with a decline by day 2 and a slight increase by day 3 
(8.8, 3.7, and 4.1%, respectively). The parameters measured on 
day 2 of life are similar to the 2022 data (Table 3). A comparison 
of 1970 and 2022 parameters revealed significant differences in 
the relative number of band neutrophils on days 1–3 of life and 
segmented neutrophils on days 2–3 of life in newborns.

From day 1 to day 3 of life, the relative number of lympho-
cytes increases; noteworthy is that the variation in the levels 
reported in all studies (1930, 1967, 2012, and 2022) is not very 
significant (Table 3), while the relative number of lymphocytes 
is significantly different on day 2 of life in 1970 and 2022.

A comparison of the relative numbers of basophils and 
monocytes (Table 3) revealed no significant differences be-
tween the 1930, 1967–1970, 2012, and 2022 studies in the first 
three days of the child’s life, while the relative number of eo-
sinophils differed only on day 2 in 1970 and 2022.
Additional study results

No additional results were obtained during the study.
DISCUSSION
Summary of the main study result

Thus, the levels of red blood cells, platelets, and white 
blood cells changed in 1930–2022, which may be attributed 

to changes in diagnostic methods, as well as evolutionary and 
socioecological factors. A decrease in the relative number of 
segmented neutrophils with the increasing number of lympho-
cytes reflects normal physiological processes of adaptation in 
newborns. These changes should be taken into account when 
assessing a child’s health status to avoid overdiagnosis of 
pathologic conditions. In performing clinical tasks and decid-
ing whether to classify a patient as healthy or sick, the pedia-
trician relies on clinical decision limits, which are determined 
by the reference intervals of parameters.
Research limitation

Given the differences in hematologic parameters of healthy 
newborns in the first three days of life in 2022 as compared 
to children born in the 1930s and 1960s, we can also assume 
changes in the blood level norms for healthy children from 
other age groups. This can be attributed to new procedures and 
equipment, as well as to the features of the region where the 
subjects live.
Interpretation of the study results

A large number of works currently focus on indirect meth-
ods of RI estimation. The developed computational algorithms 
[15–17] for establishing norms reflect the biological proper-
ties of the population used to estimate the RI and constitute a 
model of non-pathological distribution (an alternative to direct 
methods requiring samples from healthy individuals).

Noteworthy is that the obtained levels of red blood cells, 
white blood cells, and platelets in newborns on day 1 of life 
are comparable to data from a multicenter prospective cohort 
study that examined 3325 healthy full-term children in 2019–
2020 [18].

The difference in hemogram parameters of newborns in 
the 21st and 20th centuries can be attributed to the difference 
in the used methods (automated analyzers at present; micro-
scope and manual counting in the 20th century), as well as 
to changes in the maturity criterion (37–42 weeks at present; 
38–42 weeks in the 20th century), changes in the maternal age 
(shift in the age of first-time mothers to 30 years as compared 
to that in the 20th century), and changes in the physical data 
of newborns [5, 6]. Therefore, we find the traditional method 
for evaluating big data with the exclusion of pathologies in 
age-specific groups of children to be more accurate than indi-
rect RI estimation methods.

A comparative analysis of the present-day hemogram data of 
healthy newborns in the first three days of life (total red blood 
cell, platelet, and white blood cell counts; relative number of 
neutrophils, segmented and band neutrophils, lymphocytes, 
monocytes, basophils, eosinophils; hematocrit, and hemoglo-
bin) against the normative values of the 20th century, as well 
as a study of domestic10 [8, 15, 17] and foreign [19–21] liter-
ature sources, reveals the need to revise the normative values 

9 Kurzina E.A., Petrenko Yu.V., Ivanov D.O. Complete blood count in newborns during adaptation. Bulletin of Almazov Federal Heart, Blood and 
Endocrinology Centre. 2012;1:56–60. (In Russ.)
10 All-Russian Non-governmental Neonatology Development Organization “Russian Neonatology Society” (RNS); Association of Perinatal Medicine, 
Prenatal Care, and Provision of Care to Newborns and Children up to Three Years of Age (ASPM+). Congenital Anemia due to Fetal Blood Loss and Other 
Congenital Anemias in Newborns. Clinical Guidelines. 2024. (In Russ.) Available: https://opcyar.ru/docs/standarts/Неонатология%20Клинические%20
рекомендации/Врожденная%20анемия%20вследствие%20кровопотери%20у%20плода.pdf
Kildiyarova R.R. Laboratornye i funktsional’nye issledovaniya v praktike pediatra [Laboratory and functional tests in pediatric practice]. 5th ed., rev. and 
suppl. Moscow: GEOTAR-Media, 2022. 192 p. (In Russ.)

https://opcyar.ru/docs/standarts/������������ ����������� ������������/���������� ������ ���������� ����������� � �����.pdf
https://opcyar.ru/docs/standarts/������������ ����������� ������������/���������� ������ ���������� ����������� � �����.pdf
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of mean parameters and reference intervals of complete blood 
count.

Due to the large amounts of data stored on the servers of var-
ious medical institutions, it is now possible to conduct large-
scale studies to specify or revise the reference intervals of 
age-specific blood level norms for children of different ages.

A correct CBC interpretation provides physicians with valu-
able data, which often allow even minor deviations from the 
norm to be detected in the child’s condition when other objec-
tive clinical methods reveal nothing about the dysfunction of 
certain organs [5, 6, 8].

Without a doubt, the normative values of laboratory param-
eters depend on a large number of aspects of the individual’s 
health and, above all, on clinical symptomatology, requiring a 
personalized approach in pediatric practice. The establishment 
of new hemogram norms for newborns and children of differ-
ent ages on the basis of large medical databases will allow a 
practicing physician to promptly determine whether in-depth 
diagnostics is necessary in cases where the results deviate 
from the RI, even in the context of overall health [1, 4, 12].

The conducted study revealed the high significance of spec-
ifying reliable pediatric reference intervals and the need for a 
more detailed and large-scale approach to studying the prob-
lem under current conditions.

CONCLUSION
Current mean values and reference intervals of hematologic 

parameters in healthy newborns differ from parameters present-
ed in scientific studies and medical articles of the 20th centu-
ry. This fact requires repeat analysis and establishment of new 
norms due to the increased sensitivity of analysis, the emer-
gence of new procedures, and higher accuracy of equipment, as 
well as, potentially, due to changes in the maturity criteria and 
physical development indicators for newborns in the 21st centu-
ry. The health care system in Russia is undergoing digitalization, 
and a large amount of data is currently available on the servers 
of various medical institutions (municipal, regional, and pri-
vate entities). Therefore, it seems feasible nowadays to conduct 
large-scale studies to adjust or update age-specific physiological 
blood level norms for children of different ages, thus justifying 
clinical decision limits in current pediatric practice.
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