Sakhno L.V., Koltuntceva LV., Rasteryaev A.N., Bairova S.V., Shurygina K.B., Revnova M.O., Fedorova L.A., Levadneva M.I.
Complete blood count in healthy newborns in the first days of life (a comparative analysis against the 20th-century norms)...

https://doi.org/10.25207/1608-6228-2025-32-1-17-28 P —— m:c BY 4.0

UDC 616-003.215-053.1

Complete blood count in healthy newborns in the first days of life
(a comparative analysis against the 20th-century norms): A retrospective cohort study

Larisa V. Sakhno™*, Inna V. Koltuntceva, Anatoly N. Rasteryaev, Svetlana V. Bairova,
Kseniya B. Shurygina, Maria O. Revnova, Larisa A. Fedorova, Marina I. Levadneva

Saint Petersburg State Pediatric Medical University, Ministry of Health of the Russian Federation, Litovskaya str., 2,
St. Petersburg, 194100, Russia

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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IMoka3are/ KIMHUYECKOI0 AHAJIHU3a KPOBH Y 310POBbIX HOBOPOK/IACHHBIX
B MIepPBbIe JHU KU3HH (CPABHUTEJIbHBIN aHAJIM3 ¢ HOpMaMu XX Beka):
PeTPOCNEeKTUBHOE KOTOPTHOE UCCJIeI0BAHUE

JLB. Caxno™, U.B. Konmynyesa, A.H. Pacmepses, C.B. bauposa, K.b. ILlypvieuna, M.O. Pesnosa,
JLA. ®eooposa, M.U. Jlesaonesa

denepalibHOE TOCYIAPCTBEHHOE OOKETHOE 00pa30BaTEIbHOE yUpPEK ACHHE BhICIero oopasoBanust «Cankr-IlerepOyprekuit
FOCYJAapCTBEHHbIH MEAUATPUUYECKUA MEIULUMUHCKUNA YHUBEPCUTET» MUHUCTEpCTBa 3ApaBooxpaHeHusi Poccuiickoii
®enepauun, yn. JIutosckas, 1. 2, r. Cankr-IletepOypr, 194100, Poccus

AHHOTAIIMA

Beenenne. Knuandeckuii aHain3 KpOBY HAa CETOJHSANIHUN A€HB SIBISIETCS OTHUM U3 HanboJee JOCTYMHBIX M PacIpoCTPaHEHHBIX 1ab0-
paTopHBIX HccienoBaHuil. [lokazaTenu aHaau3a KPOBH y COBPEMEHHBIX 3I0POBBIX HOBOPOXKACHHBIX OTIHYHBI OT UCTIOJIB3YEMBIX HOPM
70-x rogoB XX Beka, 4TO, BO3SMOXKHO, TPEOYET KPUTHIECKOTO aHAIN3a, YTOUHEHHU S, JAIbHEUIIINX UCCIEJOBAHNI U MEPECMOTpa MOHS-
THst HOpMEL. Lleb Hccae10BaHUsI — BBISIBUTH U3MEHEHHS T€MaTOJIOTHUECKUX MOKa3aTeNeil 30pOBBIX HOBOPOXKCHHBIX, POXKACHHBIX
B 2022 1., mo cpaBHEeHHIO ¢ nokazarenamu 30-x u 67-70-x rr. XX B. MeToabl. PeTpocieKTHBHOE KOTOPTHOE MCCIIENOBAHUE MO UCTO-
pHUsAM pa3BUTHUA OBITO MPOBEAEHO Ha 0a3e (QU3MOIOTHUECKOTO OTJENEHHUs HOBOPOXKACHHBIX [leprHATaIbHOTO IEHTpa (enepanbHOro
roCyIapCTBEHHOT'O OIOMKETHOTO 00pa30BaTEeNbHOTO YyUpexkAeHHs Bhiciero oopasoBanus «CankT-IleTepOyprekuii rocyapcTBEHHBIH
neauaTpUuuecKuil MEMUIIMHCKUN yHUBEpCUTET» MuHHNCTEepCTBa 34paBooxpaHenus Pocculickoit @enepanuu. [IpoananusupoBaHo onuH-
HaJUaTh 'eMaTOJIOTHUECKNX MOoKa3areneil y 378 310poBbIX AOHOMEHHBIX AeTeil 2022 roxa poskIeHUs B MEPBbIC TPH AHS KU3HH C M0-
CIEYIONUM COIIOCTABJICHHEM H CPAaBHEHHEM IOJyYEHHBIX PE3yIbTaToOB C JAaHHBIMU OTEUECTBEHHBIX IMyOnmkanuit XX Beka, a Takke
C HAyYHBIMHU POCCUUCKUMHU H 3apyOEKHBIMHU CTAaThIMH MocieHUX 15 net. MccaenoBanue KpoBH BeexX AeTel MPOBOAMIOCH OTHOKPATHO
C HCIIOJIb30BAaHUEM aBTOMATHYECKOT0 reMaTosiornyeckoro ananusaropa Micros ES 60 (HORIBA ABX S. A. S., ®pannus). Marematnye-
cKas M cTaTHCTHYecKas o0paboTKa NaHHBIX MMPOBOAUIIACE IPH ITOMOIIH MaKeTa JIMIEH3UOHHBIX mporpamM Microsoft Office Excel 2021
(Microsoft, CIIIA). PesyabsTaTsl. [Ipu cpaBHEHUHN TOKa3aTeNel 3pUTPOLUTOB M TeMOTTI00NHA HOBOPOXK/IEHHBIX BTOPOTO H TPETHETO THS
*u3HA B 1970 1 2022 rT. BRISABICHBI CTATHCTHYECKH JTOCTOBEPHBIE OTIWYHUA U OoJiee HU3KHE 3HAUCHHS B HacTosmee Bpems. CpenHee
KOJIMYECTBO TPOMOOIIMTOB TaKXe JOCTOBEPHO HIDKE, yeM B nccienoBaHuax 1930 u 1970 rr, HO MOYTH COBMANAET C MCCIEIOBAHUIMHU
apyrux aBTopos B 2012-2019 rr. CpegHee KOIHMYECTBO JEHKOIMTOB HECKOIBKO BBIIIE IO CPaBHEHHIO ¢ HopMaMu X X Beka. /luHaMuka
HM3MEHEHHsSI CPEJHETO KOJIMYECTBA JEHKOIMTOB COBIAAaeT BO BCEX MPEACTABIECHHBIX B CTAaThE MCCIEAOBAHHSIX U BBISBISAET 3aMETHOE
CHUKEHUE K TPEThEMY JIHIO KU3HU [0 CPAaBHEHHIO C TIEPBBIM U BTOPBIM JHEM, HO, 110 JaHHBIM X X B., HAa TPETHI I€Hb KU3HU OTMEJAINCH
Oonee HU3KHE MOKa3aTenau. OOpamaeT BHUMaHUE CHH)KEHNE OTHOCHTEJIBHOTO KOJTUYECTBA TUM(OIIUTOB U MATOUYKOSIAEPHBIX HEUTPODHU-
JIOB C YBEIMYEHUEM CETMEHTOSICPHBIX HEHTPOPHIOB B JAHHOM HCCJIEIOBAaHUU 1O CPaBHEHUIO ¢ mokazarenamu 1930, 1970 u 2012 rr.
3akaovyenue. CoBpeMEHHbIE CpPEeIHUE 3HAYCHHS M pedepeHCHbIE HHTEPBAIbl TéMaTOJOTHUECKUX MOKa3aTelel y 3/0pOBBIX HOBOPO-
XKACHHBIX JeTeH OTINYAIOTCS OT MOKa3aTelNel, MpeACTaBICHHBIX B HAYYHBIX HCCIEIOBAHUAX U MEUIIMHCKUX cTaThax XX Beka. JlaH-
HBIH (pakT TpeOyeT MOBTOPHBIX HCCIEOBAHUI U pa3paboTKK HOBBIX HOPMAaTHBOB B CBSI3H C TOBBIIICHNEM UyBCTBUTEIBHOCTH aHAIN34,
MOSIBJICHUEM HOBBIX METOJHK M YBEINYEHHEM TOUHOCTH 000PyI0BaHMS, @ BOBMOXHO, U C HI3MEHEHHEM KPUTEPHEB JOHOMIEHHOCTH U TI0-
Kazarened GU3NYeCcKoro pa3BUTUA HOBOPOKAeHHHIX B X X1 Beke.

KJIFOUEBBIE CJIOBA: HOpMa reMaTOIOTMYECKUX ITOKa3aTesel, KIMHUYSCKHH aHaIn3 KPOBH, HOBOPOXKICHHEIH peOeHOK, peepeHCHBII
HHTEpBal

JJISI HUTUPOBAHMUA: Caxuo JI.B., Kontynnesa 1.B., Pactepses A.H., banposa C.B., lllypeiruna K.b., PesroBa M.O., ®enoposa JLA.,
JleBagueBa M.U. [Toka3aTenn KINHIYECKOTO aHAIN3a KPOBH Y 3/I0POBBIX HOBOPOKJCHHBIX B IIEPBEIE JHU KHU3HH (CPAaBHUTEIBHBIN aHATH3
¢ HopMaMu XX BeKa): peTPOCIEKTUBHOE KOTOPTHOE HccienoBanue. Kyoanckuil Hayunvli meouyunckuu ecmuuk. 2025;32(1):17-28. https://
doi.org/10.25207/1608-6228-2025-32-1-17-28

UCTOYHUKHN ®UHAHCHUPOBAHMUA: aBTOpHI 3asBISIOT 00 OTCYTCTBUU CIOHCOPCKOI MOAEPIKKY MPU MPOBEACHUH HCCIIET0BAHUS.
KOH®JIUKT UHTEPECOB: aBTopb! 3asIBISIOT 00 OTCYTCTBUU KOH()IMKTa HHTEPECOB.

JEKJIAPAIIUS O HAJIMYUU JAHHBIX: nanHble, HOATBEPKAAIOLIME BBIBOABI TOI0 HCCIIEAOBAHUS, MOXKHO MOJTYUYUTh Y KOPPECIIOH-
JTUPYIOLIEro aBTopa Mo 000CHOBaHHOMY 3anpocy. JlaHHbIe ¥ CTATUCTUYECKHE METO/BI, IPEACTABICHHBIC B CTaThe, MPOIUIH CTAaTHCTHYE-
CKOE peIIeH3UPOBAaHNE PEIAKTOPOM KYpHaIa — CepTHU(GUIMPOBAHHBIM CIIEIIMATHUCTOM 110 OMOCTaTHCTHKE.

COOTBETCTBHUE INPUHIIUIIAM 3THUKMH: npoBeneHHOE UCCIEIOBAaHUE COOTBETCTBYET CTaHIApTaM XeJIbCUHKCKOM JeKiaparuu,
0100peHo JIoKaIbHBIM 3THYECKUM KOMUTETOM (peaepalibHOro rocyaapCTBEeHHOT0 OI0)KETHOr0 00pa30BaTEIbHOTO YUPEkK ACHHS BBICIIETO
obpazoBanus «Cankt-IleTepOyprekuil rocyapcTBEHHBINH NequaTpUYECKUN METUIIMHCKUN YHUBEPCUTET» MUHUCTEPCTBA 31]paBOOXpaHe-
Hus Poccuiickoit @eneparuu (yi. Jlutosekas, a. 2, . Cankt-IlerepOypr, 194100, Poccust), mpotoxon Ne 35/07 ot 17.01.2024 1.
BJIATOAAPHOCTM: aBTOpH! BEIpaXkatoT MPU3HATENBHOCTh HH)KEHEPAM OT/ella aBTOMATU3UPOBAHHBIX CHCTEM YIPABICHHUS U I'PYIIIbI
MOHHUTOPHHTa KJIMHUKO-IKCIIEPTHOTO OTACICHUS (eaepalibHOro rocyJapCTBEHHOrO OIOKETHOr0 00pa30BaTENILHOTO YUPEKCHUS BBIC-
mero obpaszoBanus «CaHKT-IleTepOyprekuii rocyiapcTBEHHBIH HeAMaTpUYeCKU MEANIUHCKIH YHUBEpCUTET» MHUHHUCTEPCTBA 3paBo-
oxpaneHus Poccuiickoit ®enepanun — Unsunckomy AHTOHY MuxaiinoBuuy u CycinoBoii OkcaHe AHATOJILEBHE 3a IOMOILb B TOATOTOBKE
MaTepHasoB JIJs UCCIEOBAaHUS.

BKJIA/l ABTOPOB: JI.B. Caxno, 1I.B. Kontynuesa, A.H. Pactepsies, C.B. bauposa, K.b. lllypreiruna, M.O. PesHoBa, JI.A. ®enoposa,
M.U. JleBanneBa — pa3paboTka KOHLEMNIMHN U qu3aiiHa uccnenoBanus; JI.B. Caxno, 1.B. Kontynuesa, A.H. Pacrepsies, M.O. PeBHoBa,
JI.A. ®enopoBa— cbop nanusix; JI.B. Caxno, 1.B. KontyHuesa, A.H. Pactepsies, C.B. banpoga, K.b. Llypsiruna, M.O. PenoBa, JI.A. ®e-
noposa, M.U. JleanHeBa — aHanu3 u uHTepnperanus pesynsraros; U.B. Kontynuesa, A.H. Pactepsies, K.b. lllypsiruna — 0630p nure-
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paTyphl, IpoBeAecHUE cTaTUCTHYecKoro aHanu3a; JI.B. Caxno, M.B. KontyHuesa, — cocTaBiieHHEe YepHOBUKA PYKOIKCH U (POPMUPOBAHKE
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(GUHANBHYIO BEPCUIO CTaThH Nepes MyOauKannel, BRIpasuii COriIachie HECTH OTBETCTBEHHOCTD 3a BCE aCMEKThI paboThl, MOIpa3yMeBaro-
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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 pL 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.'

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)? 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 RlIs: 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., 3742 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
[4,71.

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

! 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/Heonaronorus%20Knuanueckne%20
pexomenpannu/Bpoxaennasn%20anemus%20sciaencrane’20xposonorepu%20y%20miona.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.’

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.*

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 Rls 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
authors® [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 (3742 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/Heonaronorusn%20Kauangeckue%20
pexomenaanun/Bpoxnennasn%20anemus%208cnencteue%20xposonorepu%20y%20mmona.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.)
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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, 10'%/L);
hemoglobin (Hgb, g/L); mean cell hemoglobin (MCH, pg);
platelet count (PLT, 10°/L); white blood cell count (WBC,
10°/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 y? test without Yates’s correction was applied to
analyze the distribution in the studied samples. The parametric
Student’s #-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 (»
= 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.

Cases to be potentially included (n = 568)

Not evaluated as per inclusion criteria (7 = 45)
Data are missing or contain clerical errors

Evaluated as per inclusion criteria (n = 523)

H 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)

Completed the study
Day 1 (n=30/24)
— RBP®=30)/ Removed from the study
WBC (n=24) (n=0/6)
invalid data
Completed the study
Day 2 (n=301/299)
— RBP(nr=301)/ H Removed from the study
WBC (n=299) (n=0/3)
invalid data
Day 3 Compl_eted the study
Ll RBP(n=47)/ (n=47/47)
WBC (n = 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.

PI/IcyHOK. bnok-cxema [[H3aﬁHa HUCCJIICA0OBAaHUA
Ipumeuanue: On0K-cxema 6bINOIHEHA ABMOPAMU (COSNACHO
pexomenoayusm STROBE). Coxpawenusi: RBP — noxazamenu
Kpachot kposu u mpomboyumos;, WBC — nokazamenu
NeUKOYUMAapHo opmyvl.

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).
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Table 1. Characteristics of the studied groups of newborns depending on the age at which the CBC was performed
Ta6numna 1. XapakTepucTHKa TPYIIN UCCIICAOBAHUS HOBOPOXKICHHBIX B 3aBUCIMOCTH OT BO3PacTa, B KOTOPOM B3ST

KJIMHUYECKUI aHAJIU3 KPOBU

Some parameters and medical data of Day of life
newborns Day 1 (n = 30) | Day2@®=301) | Day3n=47)

Sex:
Male 23 170 18
Female 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 (p > 0.05).
Tpumeuarnus: mabauya coCmasiena asmopamu, * cmamucmuiecku 00CMOBePHbIX pa3Iuyuil nokazames He nonyueno (p > 0,05).

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)° and Nikolay Shabalov (1970),” as well as domestic
data reported in 2012,% 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 (5.79-5.38-5.17x10'%/L);
the total red blood cell count is lower than in the 1930° and
19707 studies (Table 2). No significant differences were found
between this study and the 2012 study® (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
1930° 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% hemoglobin’ 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 (» = 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)x10°); however, a slight trend for higher plate-
let counts is observed, as in the study by Elizaveta Kurzina
et al.” Conversely, the 1930 and 1970 studies reported signifi-
cantly higher platelet levels at birth (327 and 282x10°L) and a
significant downward trend (to 300 and 208x10°/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

¢ Tur A.F. Practical pediatric hematology. Moscow; Leningrad: Gos. Med. 1zd-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.)
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.
Ta6numna 2. [Toka3aTenn KpacHOH KPOBU M TPOMOOIIMTOB 37I0POBEIX HOBOPOXKIeHHBIX 1930, 1967—-1970, 2012, 2022 rr.

Day of Alexander Tur Alexander Tur and Elizaveta Kurzina et | Present authors
Parameters life (1930) Nikolay Shabalov (1967-1970) al. (2012) (2022)
M* M=+ SD M=+ SD M=+SD
Red blood 1 6.62 6.09 + 0.68* 5.40 +£ 0.75* 5,79 +£0.77
cell count 2 573 6.05 £ 0.66%** 5.30 + 0.60* 5.38 +0.69
12
8{0B/CIS) 3 5.40 5.92 + 0.68*** 5.40 £ 0.60* 5.17 £ 0.81
. 1 124.00% 210.8 g/L 212.0 £20.0* 1789 +21.8 202.33 +£26.94

Hemoglobin o -~
(Hgb) 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 1 31.84 38.00 +4.00 33.13* 3495+ 1.27
hemoglobin 2 34.12 39.00 £ 3.00 32.92% 3525+ 1.86
(pg) (MCH) 3 34.00 39.50 +£3.00 32.61* 35.14 +£2.27
Platelet count 1 282.00 327.50 £ 110%** 214.5 £ 75.2%* 241.43 +79.69
(10°L) (PLT) 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 (p > 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 p < 0.0000001.

Tpumeuanus: mabiuya cocmasiena agmopamu. * cmMamucmuyecku OOCMOBEPHLIX paziuyuli noxkazameis e noayyeno (p > 0,05);
** 0ocmoeeprnocmo pasauuus nokaszamens 2022 2. ¢ oannvimu agmopa p < 0,005; *** oocmosepnocme pasznuuuil noxazamens 2022 2.
¢ oanHvimu asmopa p < 0,0000001.

Table 3. White blood cell differential in healthy newborns in 1930, 1967-1970, 2012, and 2022.
Ta6numna 3. TTokazarenu neiikonuTapHOH GOPMYITBI 30POBEIX HOBOpOKAeHHBIX 1930, 1967 —1970, 2012, 2022 rr.

Day of Alexander Tur Alexander Tur and Elizaveta Kurzina | Present authors
Parameters life (1930) Nikolay Shabalov (1967-1970) et al. (2012) (2022)
M* M=+SD M+SD M=+ SD
hite blood cell 1 26.40 16.70 + 5.34%** 27.50 £ 8.20%* 23.12 + 6.81
Xugf a O(;;)L)C(%VB o2 15.10 15.00 & 4.90%%* 19.80 = 6.00%* 2275 + 5.80
3 13.60 11.50 + 3.74%%* 17.10 + 6.80* 16.86 + 5.32
1 — 6.60 £+ 5.80** 8.80 + 6.85 3.88+£292
Band neutrophils (%) 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 1 — 61.20 £ 11.60* 57.50 + 8.85 64.75 + 11.95
neutrophils (%) 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
1 2.16 2.60 £ 1.90%* 1.40 £ 1.70* 1.92+2.41
Eosinophils (%) 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%* 328+£2.29
1 0.50 — 0.30 £ 0.60 0.33 +£0.99
Basophils (%) 2 0.00 — 0.30 + 0.65 0.66 + 1.36
3 0.00 — 0.20+0.50 0.57 £ 1.40
1 22.16 23.60 + 8.10* 2440 £ 778 21.38 £ 10.99
Lymphocytes (%) 2 24.00 26.70 £+ 8.10%* 29.40 £+ 10.95 2219+ 772
3 30.50 31.10 £ 9.20* 33.00 £ 11.30 26.09 £ 6.92
1 9.00 7.30 £ 3.20* 6.30 +2.55 7.67 £2.69
Monocytes (%) 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 (p > 0.05); ** significance of the difference between the 2022 parameter and the author’s data of p < 0.01; *** significance of
differences between the 2022 parameter and the author’s data of p < 0.0000001.
Tpumeuanusa: mabauya cocmagiena agmopamu; * cmamucmuyecku 00CmMo8epHuIX pasziuduti nokazamens 2022 2. ¢ oannvimu asmopa
He nonyuero (p > 0,05); ** docmoseprocme paznuuus noxazamens 2022 2 ¢ dannvimu asmopa p < 0,01; *** docmogeprnocmuv paziuuuii

nokazamens 2022 2 ¢ dannvimu asmopa p < 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 (16.7x10°%L) as compared to all other studies
where the values of this parameter are approximately the same
((23-27)%10%/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)x10°%L) as compared to the 2012 and 2022
data ((17.1-16.86)x10°/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)x10%L at birth; (13.2 + 3.7)x10%/L
on day 2 of life; (12.3 + 3.2)x10%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 23 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 domestic'® [8, 15, 17] and foreign [19-21] liter-
ature sources, reveals the need to revise the normative values

® 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/Heonaronorusn%20Kauangeckue%20
pexomenaanun/Bpoxnennasn%20anemus%208cnencteue%20xposonorepu%20y%20mmona.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.)
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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].
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