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Relevance: Bacterial meningitis (BM) remains a significant cause of neurological complications and high mortality
among children.

Aim: to study the clinical features of BM in children to optimize the diagnosis and etiopathogenetic therapy.

Methods: The object of the study is children diagnosed with meningitis, treated at the Multidisciplinary City Children's
Hospital No. 3 in Astana, for the period from 2015 to 2023. Study design: prospective, control - case. Methods included
clinical examination, complete blood count, cerebrospinal fluid test, CT and brain MRI. Descriptive statistics and Pearson's
method were used for statistical processing.

Results: Introduction of the PCV13 vaccine led to a fourfold decrease in the incidence of pneumococcal meningitis,
while cases of meningococcal meningitis declined 1.6 times from 2014 to 2023. The main clinical manifestations in children
with BM included high fever (80-90% of patients, with febrile temperatures ranging from 38.7°C to 39.9°C), neurological
deficits, and complications: seizures and cognitive impairment developed in 50% of children. Hypertensive syndrome was
observed in 81.8% of children with pneumococcal meningitis (PM), and in 55.6% of meningococcal meningitis (MM) cases
among children under one year old. Pneumococcal CNS involvement was characterized by focal symptoms in 45.5% of
young children, while such changes were statistically significantly lower in MM cases—threefold less (16.7%, p<0.001).
Spearman’s correlation analysis in the PM group showed a strong direct positive relationship between the following
variables: delayed medical consultation and hospital stay duration (r=0.7; p<0.001), delayed diagnosis and hospital stay
duration (r=0.7; p<0.001).

Conclusion: PCV13 vaccination has significantly reduced the incidence of pneumococcal meningitis, which presents
most severely, with early neurological complications in 41.5% of cases, cerebral edema in 90.9% of infants, and hypertensive
syndrome in 81.8%. Early diagnosis and timely treatment contribute to the prevention of both early and late neurological
complications.
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AktyanbHocTb: baktepuanbHble MeHWHuTbl (BM) 0CTaloTCs 3HaUMMON MPUYMHON HEBPOIOTUYECKMX OCAOXHEHUA W
BbICOKO CMEPTHOCTU Cpeau LeTeil.

Llenb uccnepoBaHusi: M3yyeHWe KNuHUYECKUx ocobeHHocTelt BM y peTedt gns OnTUMM3auuM AMArHOCTUKA W
9TMONATOreHETUYECKON Tepanim.

Metogbl: O6beKT nccnenoBaHus - A€TU C ANArHO30M "MEHWHIUT", nponeyeHHble B MHOronpodunsHOM ropogckoi
petckon 6onbHuue Ne3 B r.ActaHa, 3a nepuwog ¢ 2015 no 2023 rr. [lusaiH uccnegoBaHus: NpOCNEKTUBHBINA, KOHTPONb —
cnyvait. MeToabl BKMOYany KINUHWYECKAI OCMOTP, OOLLMIA aHanu3 KpoBM, aHann3 CMHHOMO3roBow xmakoctu, KT n MPT
rONIOBHOrO Mo3ra. [ns cratuctuyeckoii 06paboTkm ncnonb3oBanmeh onucaTenbHas ctaTucTika u metog MNupcoka.

Pe3ynbTatbl: Beenetve BakuuHbl MKB13 npuBeno k YeTbipexkpaTHOMY CHIKEHUIO 3a60neBaemMoCTi MHEBMOKOKKOBbIM
MEHUHTUTOM, B TO BPEMS Kak CMy4al MEHWHrOKOKKOBOTO MEHWHrUTa ymeHblwinnuch B 1,6 pas ¢ 2014 no 2023 rogpl.
OcHOBHbIE KNUHWUYeCkue nposieneHns y aeten ¢ bBM Bkmtoyanm Beicokyto Temnepatypy (80-90% naumeHToB, ¢ (ebpunbHON
Temnepartypon ot 38,7°C go 39,9°C), HeBponoruyeckue JedULUTbI U OCNIOXHEHUS: CYLOPOri U KOTHUTUBHBIE HapyLLeHUs—
passuBanuch y 50% peTeit. MunepTeH3NOHHbIA cuHapom Habnioganu B 81,8 % cnyyasx B rpynne aeteit ¢ MM, B 55,6%
cnyvasx npu MM y peteit go 1 roga. MMHeBmokokkoBoe nopaxeHue LIHC xapakTepus3oBanocb passuTUEM 0O4aroBOW
cumntomatukn B 455% cnyyaeB y pfeten paHHero Bospacta, npu MM gaHHble W3MEHEeHUs 3aperucTpupoBaHbl
CTaTUCTUYECKN JOCTOBEPHO MeHblue B 3 pasa (16,7% p<0,001). KoppensaunoHHblit aHanma no metogy CnupmeHa B rpynne
peten ¢ M npoaemoHcTpUpoBana CUNbHYID TMPAMYIO MOMOXKUTENbHYIO CBA3b Mexay rnokasaTensmu: no3aHei
obpallaeMocTm W KonuyectBoM Komko-gHel (r=0,7;p<0,001), no3gHel AMArHOCTWUKOA U KONMWYECTBOM  KOWKO-AHEN
(r=0,7;p=<0,001).

3akntouenue: BakunHaums MKB13 npusena k 3HauMTENbHOMY CHUKEHMIO 3aD0NeBaeMOCTH MHEBMOKOKKOBBIM MEHMHTUTOM,
KOTOPbIA NpoTeKaeT Hauboree Tsxenee C paHHUMKU HEBPOMOTMYECKMI OCIOKHEHUAMU B 41,5% Cryyaes, OTEKOM rOMOBHOMO
Mo3ra y Aetei nepeoro rofa *msHu B 90,9%, rnepTeHsmoHHbiM cuHopomom B 81,8%. PaHHAS guarHocTvka 1 CBOEBPEMEHHOe
neYeHe CrnocobCTBYHOT NPEAOTBPALLEHWIO PAHHWX M MO3OHIX HEBPOMOTUHECKUX OCTIOKHEHMI.

Keywords: bacterial meningitis, viral meningitis, neurological complications, pneumococcal conjugate vaccine,
pneumococcal infection, meningococcal infection.
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©3exTiniri: baktepusnbik MeHuHTT (BM) HeBponormanbIK ackbiHynapAblH, kaHe Bananap apacblHaarbl XofFapbl eniM-
XiTIMHIH, MaHpI3abl ce6ebi 6onbin kana Gepegi.

3epTTeyAiH MaKcaTbl: UarHOCTMKa MEH 9TMONaTOreHeTuKanblK TepanusiHbl OHTanaHablpy yuwiH 6ananapaarsi BM
KNWHUKAnbIK epEKLIENIKTEPIH 3epTTey.

3eptTey apicTepi: 3epTTey HbicaHbl 2015-2023 xbingap apanbiFbiHaa AcTaHa kanacbiHgarsl Ne3 kencanans! kananbik
Gananap aypyxaHacbiHa emMaenreH MEHUHTAT AnarHo3bl KoibinFaH 6ananap 6ongbl. 3epTTey Au3aiiHbl: nepcnekTuBanbiK,
XaFpangel Oakpinay. Dgictepre KNWHUKaNbIK TEKCepy, Xanmbl KaH aHanusi, LuepebpocnuHanbabl CyWbIKTEIKTEI Tanaay,
MuabiH KT xoHe MPT kipegi. CTaTuCTUKanblK ©HAeY YLWIH cunaTTaMmanblK CTaTucTuka xoHe MNupcoH agici KonpaHbingp!.

Hatnxenepi: PCV13 BakUMHACbIH €Hri3y MHEBMOKOKKTbI MEHUHTUTNEH CbIpKATTaHYLLbINbIKTbIH, 4 ecere TeMeHaeyiHe
oKengi, an MEeHWHrOKOKKTbI MEHWHIMT xaFgannapbl 2014 xbingaH 2023 xbinFa aeriH 1,6 ecere asangbl. bBM Oap
Oananapgafbl Herisri KNMWHUKanbIK KepiHicTepre xofapbl Temnepatypa (Temnepatypackl 80-90 %-Fa geiliH heOpunbai
HaykacTapabiH, 80-90 %-bi 3.8°C peiiin) xatagbl. 39,9°C), HeBpONOrMANbIK TanLbINbIKTAp MEH acKbliHynap: 6ananapabih,
50%-blHOa Kypbicynap xaHe KorHuTueTi 6y3binynap gamblfaH. FunepToHusnbik cuHgpom MM 6ap 6ananap tobbiHaa 81,8%
Xafgainga, 1 xacka fewiHri 6ananapga MM 6ap 55,6% xafpaiga Gankangbl. MHeBmokokk OMOK 3akbimpaHybl xac
Gananapga 45,5% xargaiga owakTsl CUMNTOMAApAblH, AamybiMeH cunattangbl; MM-ge Byn earepictep cTaTUCTUKanbIK
Typae 3 ecere a3 Tipkengi (16,7% p<0,001). MM 6ap 6ananap TobbiHga CnnpMaH SAiCiH KonAaHaTbiH KOPPenaunsrbIK
Tangay kepceTkiluTep apacbiHaa KyLTi Tikenemn oH, annaHbICTbl KOPCETTI: KeLl XibepinreH xaHe eMxaHagarbl KYHAEP CaHbl
(r=0,7; p<0,001), kel anarHo3 xaHe aypyxaHadarbl kyHaep caHbl (r=0,7; p<0,001).

KopbiTbiHabl: MKB13 BakuuHacel 41,5% xafgaiga epte HEBPOMOTMANbIK acKblHynapMeH €H ayblp MHEBMOKOKKTbI
MEHUHMUTNEH, OMIpAiH BipiHWi XbinbiHAarbl 6ananapga uepebpanbabl iciHymeH 90,9%, rMNEPTOHMANBIK CUHOPOMMEH
81,8% aypylaHAbIKTbIH, anTapnbiKTan TeMeHaeyiHe akengi. Epte auarHocTuka eHe yaKTbifbl eMaey epTe XoHe kel
HEBPONOMUANbIK aCKbIHYNapAbIH anablH anyra kemekrecesi.

Tyiiidi ce3dep: GakmepusabIK MEHUH2UM, BUDYCMbIK MEHUH2UM, HE8POM02USNbIK aCKbIHYap, NHE8MOKOKKMbI
KOHbBI02ammbIK 8aKUUHA, NHEBMOKOKK UH(DEKUUSIChI, MEHUH2OKOKK UHGEKUUSCH.
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Introduction

Bacterial meningitis (BM) remains a significant cause of
high morbidity, mortality, and frequent residual neurological
complications worldwide, often requiring emergency
medical intervention. The most common etiological agents
in the development of BM are Streptococcus pneumoniae,
Haemophilus inflienzae type b (Hib), and Neisseria
meningitidis [16]. Currently, the incidence and mortality
rates are decreasing with the introduction of vaccines
against the three most prevalent central nervous system
(CNS) pathogens: Haemophilus influenzae type b,
Streptococcus pneumoniae, and Neisseria meningitidis
[16,17].

According to the World Health Organization (WHO,
2015), neurological complications in patients with BM are
observed in 15% of cases in developed countries, while the
mortality rate reaches 5% [13]. However, the incidence and
related mortality of BM continue to rise in developing
countries [20].

BM is characterized by severe clinical manifestations,
with a mortality rate of up to 30%. Among survivors,
approximately 50% of children may develop short- and
long-term  neurological complications [5]. Short-term
complications include neurological deficits and subdural
empyema, while long-term consequences may involve
hearing loss, seizures, cognitive impairment, and
hydrocephalus. These complications arise as a result of the
host's immune response to the release of bacterial toxins,
leading to neuronal damage. Risk factors for their
development include early age, male sex, unfavorable
premorbid background, and lack of vaccination [21].
Vaccination is the primary method of preventing BM and its
complications. Alongside urgent pathogenetic therapy,
timely antibiotic administration plays a crucial role in
reducing the risk of neurological complications [9].

Recently, due to the lack of significant differences in the
clinical course of BM, the importance of differential
diagnosis has increased [10]. This is one of the pressing
issues in neuroinfections, due to the frequent polyetiological
nature of BM, progressive development of life-threatening
conditions, and the appearance of neurological
complications that are difficult to treat. Therefore, diagnosis
and interpretation of clinical symptoms require adequate
etiotropic therapy targeting the specific causative pathogen.

Thus, BM represents a serious medical and social issue
in pediatrics, deserving special attention and requiring
further study, with necessary monitoring of the prevalence
and antibiotic resistance of N. meningitidis, S. pneumoniae,
and Hib. In the Republic of Kazakhstan, only a limited
number of scientific studies have been conducted on BM in
children.

Objective of the study: To investigate the clinical
features of bacterial meningitis in children to optimize
diagnosis and etiopathogenetic therapy.

Materials and Methods

Study design: Prospective, case-control. The study
population consisted of patients aged 1 month to 15 years
with a clinical diagnosis of “meningitis,” who received
treatment in the intensive care unit and infectious disease
departments No. 1 and 6 of the State Municipal Enterprise
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on the Right of Economic Management “Multidisciplinary
City Children’s Hospital No. 3" (MCCH No. 3) under the
Akimat of Astana. This study was conducted as part of the
scientific project “Development of Early Diagnosis and
Preventive Measures for Hearing Loss Following Bacterial
Meningitis in Children” (grant number AR05135091), funded
under the 2018-2020 grant program. The project was
carried out at the Department of Pediatric Infectious
Diseases of the Astana Medical University and at the Life
Sciences Center of the Private Institution “National
Laboratory Astana” of Nazarbayev University, Astana.

The main study group included patients with an
etiologically confirmed diagnosis of “bacterial meningitis.”
These patients were subdivided into two subgroups:
children with pneumococcal meningitis (PM, n=26) and
children with meningococcal meningitis (MM, n=83). The
comparison control group consisted of patients with an
etiologically confirmed diagnosis of “enteroviral meningitis”
(EM, n=90). The diagnosis of bacterial meningitis (BM) was
confirmed by identifying N. meningitidis, S. pneumoniae, or
Hib from nasopharyngeal swabs, blood, and cerebrospinal
fluid. Enteroviral meningitis was verified by PCR testing of
stool samples. Clinical studies were conducted in
accordance with national clinical protocols: “Diagnosis and
Treatment of Meningococcal Infection in Children” approved
by the Republican Center for Health Development, Ministry
of Health and Social Development of the Republic of
Kazakhstan, April 10, 2019, ( Protocol No. 63), “Bacterial
Meningitis in Children and Adults” (approved by the
Republican Center for Health Development, Ministry of
Health and Social Development of the Republic of
Kazakhstan, June 9, 2016, Protocol No. 4, Protocol No. 9).
The research methods included clinical examination,
complete blood count (CBC: hemoglobin, leukocytes,
neutrophils, platelets, ESR), urinalysis, blood biochemistry
(CRP), procalcitonin  test, cerebrospinal fluid (CSF)
analysis, bacteriological cultures, CT and MRI of the brain,
and consultations with a neurologist. A detailed analysis of
patients’ medical records was conducted (forms 003/u and
003-2/u). All observed patients had not been immunized
with the pneumococcal vaccine (PCV), or with hexavalent
or pentavalent vaccines containing Hib.

Statistical data processing was performed using SPSS
IBM Statistics 23. The following parametric methods were
used: descriptive statistics (mean, standard deviation).
Sample size calculation was based on the following
assumptions: 95% confidence interval, 80% power, 5%
significance level, and a two-sided significance test.
Descriptive statistics and Pearson’s correlation method
were applied.

The study was reviewed and approved by the Ethics
Committee of the “Life Sciences Center” of Nazarbayev
University (September 22, 2017, Protocol No. 20).

Results

Analysis of annual reports from MCCH No. 3 revealed
that from 2014 to 2023, following the introduction of the
PCV13 vaccine, the number of hospitalized cases of
pneumococcal meningitis decreased by 4.2 times (from
26.4% 10 6.2%) (Figure 1). Over the same period, there was
only a trend toward a reduction in meningococcal meningitis
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cases—by 1.6 times (from 27.6% to 16.5%). The proportion
of BM cases with an unidentified etiology remained

relatively constant throughout the observation period,
ranging from 42.5% to 33.7%.

45

40

B N.meningitidis

S.pneumonia

2010-2014 rr.

B EM HeyTOUHEHHOH
ITHOJIOTHH

20152023 rr.

Figure 1. Proportion of pediatric BM cases at MCCH No. 3 before (2010-2014)
and after the introduction of PCV13 in Astana (2015-2023).

Since 2009, no cases of meningitis caused by
Haemophilus influenzae type b have been recorded,
which is likely associated with the introduction of the Hib
vaccine in Kazakhstan in 2008. High and prolonged fever
was one of the first and most common symptoms
observed in children with meningitis. Table 15 presents
the dynamics of body temperature increases, which were
recorded in all patients included in the study. Febrile
temperatures were observed across all study groups (80—
90%) and were characterized by a rise in body
temperature from 38.7°C to 39.9°C. It is noteworthy that
hectic fever was identified in one-third of patients with
meningococcal meningitis (MM). Subfebrile temperature
was recorded in 40% of children under the age of one
year with pneumococcal meningitis (PM). In the group of
children over 5 years old with enteroviral meningitis (EM),
febrile temperature predominated in 55.2% of cases, while
hectic fever occurred in only 18.4%.

41,0

A common feature of meningitis of various etiologies is
the resistance of the febrile response to antipyretic
treatment. In cases of unfavorable BM progression, body
temperature sometimes dropped to normal or subfebrile
levels after a brief spike or even without a spike at all. This
may have been associated with the development of septic
shock [32, p. 105]. We conducted a detailed analysis of
the dynamics of the febrile response in pediatric
meningitis cases, taking into account the average duration
of hospitalization, which was 32+6 days for PM, 17+4
days for MM, and 10+2 days for EM (p<0.05).

In the MM group, the temperature curve was
characterized by an acute onset with a sharp rise from
febrile to hectic levels (38.3°C to 39.3°C), peaking on
days 3-4, followed by normalization of body temperature
by the end of the illness under the influence of
antibacterial therapy (Figure 2).
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Figure 2. Temperature Curve Dynamics in Meningitis.
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In patients with pneumococcal meningitis (PM), the
highest body temperature was recorded on day 4, followed
by a decrease on days 6-7. Subsequently, despite ongoing
etiotropic therapy, unlike in meningococcal meningitis (MM),
there was a wave-like pattern of sub-febrile temperature
fluctuations from day 8 to day 23 of hospitalization, with
brief intervals (1-2 days) of temperature normalization. In
general, body temperature normalized in most PM patients
(56%, n=13) between days 11-16, and only in 8.6% (n=2)
by day 30 of iliness.

Hypothermia in PM was characterized by resistance to
antipyretic therapy and sharp fluctuations in body
temperature, indicating a dysfunction of central
thermostatically mechanisms, consistent with our earlier
findings [51, p. 63]. In enteroviral meningitis (EM), during
the first 1-2 days of illness, the temperature remained at
sub-febrile levels and transitioned to febrile (38.3°C) by day
3. The peak febrile response (38.6°C) was observed on day

4 of hospitalization, with stabilization by day 6 and no
recurrence of hypothermia.

In our observations, signs of intoxication in infants
included irritability, restlessness, lethargy, weakness, and
refusal to breastfeed. Notably, the latter is classified as a
general danger sign in the Integrated Management of
Childhood lliness (IMCI) guidelines and serves as an
indication for urgent care. As presented in Table 1,
irritability and restlessness were more commonly recorded
in children under 1 year of age across all groups—ranging
from 60.0% to 75%. In children over 1 year, weakness and
lethargy were noted in 75% of those with PM, compared to
only 25% and 32.4% in the MM and EM groups,
respectively-supporting the more severe clinical course of
PM. One of the most significant indicators of CNS infection
in infants was refusal to breastfeed, observed in 85.7% of
PM patients, 60% of MM patients, and 60% of EM patients
under 1 year of age.

Table 1.

Intoxication Syndrome in Children with Meningitis (Absolute numbers and percentages by age group).

PM (n=26) abs/% MM (n=83) abs/% EM (n=90) abs/%
Clinical Symptoms 0-11mo. |12-59mo.| 5-15y | 0-11mo. | 12-59mo. | 5-15y | 0-11mo. | 12-59mo.| 5-15y
n=14 n=12 n=0 n=20 n=31 n=29 n=10 n=37 n=43
L 7 0 15 13 13 6 12 12
Irritability, restlessness
64,2 58,3 0,0 75 65 448 60,0 32,4 27,9
Lethargy, weakness 8 d 0 6 8 ) 2 12 I
' 57,5 75 0,0 30 25 31,3 20,0 32,4 25,5
12 8 0 12 4 0 6 0 0
Refusal to breastfeed 857 575 00 50 3 00 50 00 00

A key clinical aspect in the disease course is the presence
of symptoms indicating CNS involvement—such as changes in
psycho-emotional state and consciousness—which serve as
equivalents of hydro-cephalic-hypertensive syndrome [27].
According to IMCI guidelines, in infants, painful irritability is a
high-evidence marker of CNS involvement. Hypertensive
syndrome (see Table 2) was observed across all groups, but
was more pronounced in PM and MM than in EM. Intense
headache (88.6%; 91.7% in children over 1 year with MM;
59.1% with EM) was mostly localized in the frontal-temporal
region and usually lasted no more than 5+1.5 days. Only
patients with PM had prolonged headache durations. Vomiting
was present at disease onset in most patients and was typically
frequent, repetitive, and non-relieving (PM - 91.6%, MM -
64.5%, EM - 43.9%), predominantly in children over 1 year of
age. In infants under 1 year, hypertensive syndrome
manifested as: High-pitched neurological cry (PM — 64.2%, MM
— 45%, EM - 50%), Regurgitation (PM — 58.3%, MM — 35%,
EM - 30%), Bulging and tense anterior fontanelle (PM — 100%,
MM - 65%, EM — 20%).

Meningeal signs indicate inflammation of the pia mater
and spinal nerves. Table 3 presents meningeal signs in
children with bacterial meningitis (BM). These signs were
particularly pronounced in PM and MM among children
older than 1 year, especially in those over 5 years of age.
Muscle tone changes caused by CNS infection in PM, MM,
and EM were primarily observed as nuchal rigidity: PM:
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92.8% and 100%, MM: 90%, 100%, and 100%, EM: 70%,
83.7%, and 88.3%. Brudzinski’s upper sign was more
frequently identified in children older than one year: PM -
58.3%, MM — 35.4%, EM — 12.9%. Among infants, positive
Kernig's and Lessage’s signs were also detected. In our
study: Kernig’s sign: PM — 57.1%, MM - 50%, EM — 20%,
Lessage’s sign: PM — 71.4%, MM — 50%, EM — 20%.

Assessment of consciousness was performed using the
Glasgow Coma Scale (GCS), which evaluates the level of
consciousness and coma in children. Scoring is based on
three parameters: eye opening (E, score 1-4), verbal
response (V, score 1-5), and motor response (M, score 1-
6). Thus, the minimum score is 3 (Grade Ill coma), and the
maximum is 15 (clear consciousness).

Upon admission to the hospital, among children with
pneumococcal meningitis (PM), clear consciousness was
observed in every second infant (58.3%) and in 83.3% of
children aged 12-59 months. However, between days 2-5,
there was a progression in the level of impaired
consciousness, ranging from somnolence to stupor (see
Table 4). In meningococcal meningitis (MM), clear
consciousness was observed in most children across all
age groups (85%, 87.1%, and 89.6%), and, unlike the PM
group, further deterioration of consciousness was recorded
only in isolated cases. In viral meningitis , no impairment of
consciousness was registered either upon admission or
during hospitalization.
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Table 2.
Hydro-cephalic-Hypertensive Syndrome in Children with Meningitis.
PM (n=26) abs/% MM (n=83) abs/% EM (n=90) abs/%
Clinical Symptoms | 0-11 mo. | 12-59mo. | 5-15y | 0-11mo. | 12-59mo. | 5-15y | 0-11mo. |12-59mo.| 5-15y
n=14 n=12 n=0 n=20 n=31 n=29 n=10 n=37 n=43
Headache 12 11 0 0 27 28 0 24 23
85,7 916 0,0 0,0 87 96,4 0,0 64,8 53,4
High-pitched 9 9 0 9 9 27 5 0 15
neurological cry 64,2 75,0 0,0 45 29 93,1 50,0 0 34,8
Repeated vomitn 7 11 0 15 20 29 1 16 22
P 9 455 916 | 00 75 645 | 100,0 10 432 | 516
Regurgitation 6 2 0 ! S 0 3 4 0
58,3 16,6 0,0 35 16,1 0,0 30,0 10,8 0,0
Bulging and tense 14 6,0 0 13,0 15,0 0 2,0 6,0 0
anterior fontanelle 100 50,0 0,0 65 48,3 0,0 20,0 16,2 0,0
U 10 0 12 17 22 4 24 15009
P 83 75 0,0 60 548 | 7578 40 648 | 209
T 10 10 0 15 7 17 3 10 15
P 83 83,3 0,0 75 22,5 58,6 30,0 27 348
Seizlres 9 8 0 5 6 4 0 0 0
83 66,7 0,0 25 19,3 13,7 0,0 0,0 0,0
Table 3.
Meningeal Symptoms in Studied Children.
PM (n=26) abs/% MM (n=83) abs/% EM (n=90) abs/%
Clinical Symptoms  70-11mo. fi2-59mo| 5-15y | 0-11mo. | 12-59mo. | 5-15y | 0-11mo. | 12-59mo.] 5-15y
n=14 n=12 n=0 n=20 n=31 n=29 n=10 n=37 n=43
Nuchal raidit 13 12 0 18 31 31 7 31 38
e 928 | 1000 | 0,0 90,0 100,0 100,0 70,0 83,7 88,3
Brudzinski’'s upper sign 3 ! 0 1 I 17 0 4 3
e 24 | 583 | 00 5 %4 | 548 00 | 129 | 813
Brudzinski's lower sign 0 5 0 0 8 1 0 0 2
g 0 47 | 00 0,0 258 31 0,0 0,0 52
Kermias sian 8 5 0 10 11 12 2 0 0
gss 571 | 417 | 00 | 500 | 354 | #3 | 200 | 00 | 00
Lessage's sian 10 2 0 10 10 10 2 0 0
e 714 | 167 | 00 | 500 | 270 | 344 | 200 | 00 | 00
Table 4.
Assessment of Consciousness in Children with Meningitis upon Admission (Glasgow Coma Scale).
PM (n=26) abs/% MM (n=83) abs/% EM (n=90) abs/%
Clinical State 0-11mo. |12-59mo.| 5-15y |0-11mo.|12-59mo.| 5-15y |O0-11m.|12-59mo,| 5-15y
n=14 n=12 n=0 n=20 n=31 n=29 n=10 | n=37 n=43
Clear (15 points 6 10 0 17 27 26 10 37 43
g 58,3 83,3 0,0 85 87,09 | 896 100 | 100 100
3 1 0 2 2 2 0 0 0
Somnolent (11-14
omnolent (11-14) 215 83 | 00 | 20 | 64 | 68 | 00 | 00 00
3 0 0 0 0 0 0 0
Stupor (9-10
upor (9-10) 244 00 | 00 00 | 00 | 00 | 00 00
Coma (<8 points) 0 0 0 0 0 0 0
=0 0,0 0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
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Analysis of clinical data in patients with meningitis
revealed that the most common complications were:
hypertensive syndrome, hydrocephalus, paresis, and
divergent strabismus. The frequency of complications
varied by group. Hypertensive syndrome was most
frequently observed in the PM group among infants (92.5%)
- twice as high as in MM (65%) - and only in 10% of EM

Neurological Complications of BM in Children.

cases. In children over 1 year, this complication occurred
1.6 times more often in PM (78.5%) than in MM (48.3%),
while in children over 5 years with MM, the rate was 17.2%.
The second most common complicaton was
hydrocephalus: 28.5% in PM, and 3.2% in MM (in children
over 1 year). Divergent strabismus was observed in 7.1% of
PM cases in infants and was not registered in other groups.

Table 5.

PM (n=26) abs/% MM (n=83) abs/% EM (n=90) abs/%
Complications 0-11mo. [12-59mo.|5-15y | 0-11 mo. | 12-59mo. | 5-15y | 0-11 mo. [12-59 mo.| 5-15y
n=14 n=12 n=0 n=20 n=31 n=29 n=10 n=37 n=43
Hypertensive syndrome 13 ) 0 13 19 > 1 1 1
92,5 78,5 0,0 65 48,3 17,2 10 2,7 2,3
4 1 0 0 1 0 0 0 0
Hydrocephalus 285 8.3 00 0.0 32 00 0.0 0.0 0.0
, 3 0 0 2 0 1 0 0 0
Paresis 215 0 00 | 10 00 34 0,0 0,0 0,0
, . 1 0 0 0 0 0 0 0 0
Divergent strabismus 71 00 00 00 00 00 0.0 0.0 0.0
To investigate the correlation between clinical-  length of stay (r=0.7; p<0.001), Length of hospital stay and

diagnostic parameters and disease outcomes, Spearman’s
correlation method was used. In the PM group, a strong
direct positive correlation was found between the following
parameters: Delayed hospital admission and length of
hospital stay (r=0.7; p<0.001), Delayed diagnosis and

neurological complications (r=0.7; p<0.05), Poor outcome
and disease severity (r=0.7; p<0.05), Disease severity and
consciousness impairment (r=0.7; p<0.05), Consciousness
suppression and somnolence (r=0.7; p<0.05).

Table 6.
Correlation Between Clinical Course and Poor Outcome in PM, MM, and EM.
. . . : Correlation strength and P*

1 - Correlation Pair 2 - Correlation Pair M MM Em
Delayed admission Length of stay 0,7 0,5" -0,1
Delayed diagnosis Length of stay 0,7 0,5" 0,2*
Length of stay Neurological complications 0,7 0,6™ -
Poor outcome Disease severity 0,7 0,4* -
Disease severity Consciousness 0,7 0,1 -
Consciousness suppression Somnolence 0,7 0,0 -
Disease severity Combined antibiotic therapy 0,7 0,1 -0,1
Neurological complications Poor outcome 0,6 0,9* -
Neurological complications Disease severity 0,6 0,4* -
Neurological complications Consciousnes 0,6 0,1 -
Admission temperature Admission cytosis 0,6 0,0 0,1
Poor outcome Combined antibiotic therapy 0,6 0,09** -

*—-ps,001; - p<0,05

The dependent variable selected for analysis was the
dichotomous variable “meningitis outcomes.” For
pneumococcal meningitis (PM), this variable included
three  possible outcomes:  “discharged  without
complications,”  “discharged  with neurological
complications,” and “transferred to another hospital.” For
meningococcal meningitis (MM) and enteroviral
meningitis (EM), two outcomes were considered:
“discharged without complications” and “discharged with
neurological complications,” thus indicating a probable
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future assignment of a patient to one of these two or
three outcome groups.

To construct the regression model, 15 variables were
introduced using a stepwise inclusion method, comprising 8
continuous and 7 categorical predictors. The predictors
were combined in a random sequence over several stages,
after which a final logistic regression equation was selected
based on its predictive accuracy. Following the forced
inclusion of all factors into the model, the overall
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significance level was p = 0.000, indicating that the model
was statistically significant (p < 0.05).

To examine the influence of various factors on disease
outcomes, a stepwise elimination procedure was employed to
determine the minimal set of predictors, assessed by
Nagelkerke’s R2 The coefficient of determination (R?) indicates
the proportion of variance in the dependent variable explained
by the predictors included in the model. For predicting the
outcomes of bacterial meningitis (BM), the final model
demonstrated a Nagelkerke R? of 0.634 (63%), suggesting that
63% of the variability in BM outcomes could be attributed to the
identified predictors.

Table 6 presents the final results of the stepwise
inclusion of potential predictors, along with the significance
levels, Wald statistics, the -2 Log Likelihood of the reduced

model, and chi-square statistics. The likelihood ratio test
reflects changes in the likelihood function when a specific
predictor is excluded, expressed through the chi-square (x?)
value. A significance level of p < 0.001 indicates that the
included factors — vaccination status, term/preterm birth
status, premorbid conditions, delayed diagnosis, hospital
admission, and age — have a highly significant impact on
the dependent variable (BM outcome).

The likelihood ratio tests demonstrated that the most
influential predictors were vaccination status (p = 0.000),
hospital admission (p = 0.001), delayed diagnosis (p =
0.005), age under one year (p = 0.003), low peripheral
blood and cerebrospinal fluid (CSF) leukocyte counts (p =
0.005), elevated CSF protein levels (p = 0.000), and
decreased CSF glucose levels (p = 0.000).

Table 6.
Results of constructing a logistic regression model.
Model fitting criteria Likelihood Ratio Tests
Elfe ~eleg Lkellend o i Chi-squared d.f. Stat.
simplified model
Model 94,1722 0,000 0
vaccination status 99,859° 28,799 4 ,000
full-term and premature 72,353b 1,293 2 ,646
premorbid background 72,524b 1,463 2 ,591
late diagnosis 26,547° 8 ,005
Hospital admissions over 48 hours 77,0230 5,963 6 0,001
age up to 1 year 75,4350 4,374 4 ,003
Low levels of penphgral leukocytes in the blood 82.489° 0,005
and cerebrospinal fluid
high protein levels in cerebrospinal fluid 95,878" 5,894 4 0,000
Decreased cerebrospinal fluid 92,789 4,564 4 0,000
Group 99,8590 28,799 4 176
Notes

1a- indicators criteria for model fitting
2b- indicators criteria for model fitting

Discussion

Currently, thanks to the development and widespread
implementation of the 13-valent pneumococcal conjugate
vaccine (PCV13), the incidence and mortality of
pneumococcal meningitis (PM) in children have significantly
decreased [7]. In Kazakhstan, following the introduction of
Hib vaccination against Haemophilus influenzae type b in
2008, cases of meningitis caused by this pathogen were no
longer registered. Since the launch of PCV13 in 2014, the
incidence of this vaccine-preventable disease has also
declined. Similar trends were observed in Astana: hospital
admissions due to pneumococcal meningitis dropped 4.2-
fold, and meningococcal meningitis decreased by 1.6 times.
However, the proportion of bacterial meningitis (BM) cases
with unidentified etiology remained consistent throughout
the observation period.

In line with the aim of our study, we investigated the
clinical features of BM in children to optimize diagnosis and
etiopathogenetic therapy. The clinical manifestations of BM
are non-specific and age-dependent. Some of the most
concerning symptoms for parents and important diagnostic
indicators of CNS involvement include: febrile response,
headache, and vomiting unrelated to food intake and
unrelieved by it [13].
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In acute neuroinfections, fever usually rises rapidly to
high levels—39°C or above—within several hours. The
intensity and duration of the febrile response in PM differed
from MM. In PM, we observed a wave-like elevation of sub-
febrile temperatures from days 8 to 23 of hospitalization,
with brief normalization intervals (1-2 days). In contrast, the
temperature in MM responded more positively to treatment
by days 5-8, with no subsequent rises. Overall, in PM,
temperature normalization occurred between days 11-16 of
illness, and only in 8.6% of cases by day 30. In EM,
temperature normalized by days 4-5.

Review of medical records showed that MM had an
acute onset (91£3.5%), with signs of intoxication including
febrile and hectic fever, headache, and frequent vomiting,
which was more common than in PM or EM (p<0.05).
These features likely contributed to earlier hospital
admission.

Timely initiation of therapy plays a crucial role in patient
outcomes, as delayed antibiotic treatment is associated with
worse prognoses [3,14]. Mortality from BM in children
ranges from 4% to 21%, while neurological sequelae affect
one-third of survivors [14]. Nonetheless, rational use of
antibiotics is important to limit the development of multi-drug
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resistance, adverse effects, repeated hospitalizations, and
rising treatment costs [20].

Diagnosing BM can be challenging due to the absence of
the full meningeal or meningoencephalitic syndrome. Only
41% of adult patients present with the “classic triad” of fever,
neck stiffness, and altered mental status—and even less
frequently in children and infants [19]. It is difficult to
distinguish PM, MM, and EM based on clinical features alone
[5], though there are differences in the severity and type of
presenting syndromes. In our comparative analysis of BM
and EM symptoms, key clinical signs of hydro-cephalic-
hypertensive syndrome included: headache, neurological cry,
vomiting, regurgitation, bulging and tense anterior fontanelle,
hyperesthesia, and photo-phobia. Headache was most
intense in PM (86.9%), followed by MM (82.7%) and EM
(62%), mostly localized in the frontotemporal region. In PM
patients, headache was more prolonged. BM in children over
1 year usually began with vomiting, while in infants, onset
often included neurological cry (64.2%, 45%, and 50% in PM,
MM, and EM respectively), regurgitation (58.1%, 35%, and
30%), and bulging fontanelle (100% in PM, vs. 65% in MM,
and 20% in EM).

According to the literature, seizures occur in 20-30% of
BM cases caused by S. pneumoniae and Hib [11]. In our
data, 83% of infants with PM experienced seizures by days
3-4 of illness, often progressing to Grade | coma.
Consciousness suppression (57.6%) and recurrent seizures
(78.3%) were also frequently observed. In MM, seizures
occurred in about a third of children (27.8%), while none
were reported in serous meningitis of enteroviral etiology.
These findings align with literature suggesting that altered
consciousness is associated with poorer outcomes [15].
Among children with BM who developed neurological
complications, 82% had altered mental status upon
admission. Even in the absence of complications, 39% of
BM patients showed changes in consciousness [2]. The
longer a child remains unconscious, the higher the risk of
adverse outcomes.

Neurological complications arise from the host's
immune response to bacterial toxins, resulting in neuronal
damage. Risk factors include young age, male sex,
unfavorable premorbid background, lack of vaccination, and
S. pneumoniae as the causative agent. Children with
pneumococcal meningitis have a higher risk of neurological
complications (75%) compared to those with N. meningitidis
(25%) or Hib (20%) [4,17]. S. pneumoniae is also
associated with a greater risk of symptomatic seizures,
hydrocephalus, hearing loss, and intellectual disability
compared to N. meningitidis or Hib [8,18]. According to our
findings, early complications occurred in 41.5% of PM
cases, 27% of MM cases, and 5.6% of EM cases (see
Table 5). Literature indicates that 71% of infants (<1 year)
with BM develop neurological complications, compared to
38% of children aged 1-5 and 10% of those aged 6-16
years [4]. Infants diagnosed with BM are at high risk of
developing hydrocephalus, subdural effusion, seizures,
hearing loss, and strabismus (4.3%) [1]. Hydrocephalus
accounts for ~7% of BM in children and occurs mainly in
neonates and infants (25%). In our study, hydrocephalus
developed in 36.4% of children under 1 year, many of
whom required surgical intervention in the form of
periventricular shunting after CSF sanitation [1,2].
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One significant risk factor for neurological complications
is the time elapsed between symptom onset and the start of
diagnostic and therapeutic care. In one study, children
admitted within 48 hours of symptom onset had a lower rate
of complications (40%) than those admitted later [9,22].

Our findings are consistent with published data: in PM
patients, strong direct correlations were identified between
late diagnosis and hospital stay (r=0.7; p<0.001), hospital
stay and neurological complications (r=0.7; p<0.05), and
between poor outcome and disease severity (r=0.7;
p<0.05). In comparison, the MM group showed only one
strong correlation—between late diagnosis and neurological
complications (r=0.8; p=<0.001). However, there is no
universal definition of the time window in which CNS-related
delayed clinical manifestations are likely to develop [19,22].
According to the systematic review by De Jonge RC, Van
Furth AM, and Wassenaar M. (2010), a high risk of
developing neurological complications in pneumococcal
meningitis (PM) is observed in patients with unfavorable
premorbid conditions, such as prematurity, congenital
anomalies, and a disease duration exceeding 48 hours
before hospital admission [23]. Based on their findings,
prognostic indicators of bacterial meningitis (BM) severity
include impaired consciousness, seizures, prolonged fever
lasting more than seven days, absence of petechiae, shock,
severe  respiratory  failure,  peripheral  circulatory
insufficiency, male sex, and early age (under one year).
Furthermore, laboratory markers — including low peripheral
blood and cerebrospinal fluid (CSF) leukocyte counts,
elevated CSF protein levels, and decreased CSF glucose
concentrations — were identified as significant predictors of
severe disease progression, leading either to a fatal
outcome or to serious long-term neurological complications
[23].

Our study yielded comparable results. Likelihood ratio
tests demonstrated that the most significant predictors
within our model included vaccination status (p=0.000),
hospitalization (p=0.001), delayed diagnosis (p=0.005), age
under one year (p=0.003), low peripheral blood and CSF
leukocyte counts (p=0.005), elevated CSF protein levels
(p=0.000), and decreased CSF glucose levels (p=0.000).

Conclusions

In  Kazakhstan, following the introduction of Hib
vaccination against Haemophilus influenzae type b in 2008,
cases of meningitis caused by this pathogen have not been
recorded. After the implementation of PCV13 vaccination
against pneumococcal infection in 2014, the incidence of
the disease has significantly decreased. In Astana, hospital
admissions for pneumococcal meningitis declined by a
factor of 4.2, and for meningococcal meningitis by 1.6
times. Among all types of bacterial meningitis (BM),
pneumococcal meningitis remains the most severe, with
early neurological complications reported in 41.5% of
cases. A strong direct positive correlation was found in the
group of children with PM between the following
parameters: delayed hospital admission, delayed diagnosis,
and length of hospital stay; as well as between disease
severity, length of hospital stay, and neurological
complications.



Hayka u 3apaBooxpanenue, 2025 T.27 (2)

Opl/IF](IHaJIbHOG HCCJICA0OBAHUC

Conflict of Interest:

All authors have reviewed the content of the article and
declare no conflict of interest.

Acknowledgments:

The authors express their sincere gratitude to Roza
Bazhenovna Utegenova, Deputy for Clinical Affairs at the State
Municipal Government Enterprise  “Multidisciplinary ~ City
Children’s Hospital No. 3" under the Right of Economic
Management, Akimat of Astana, and tfo Almagul
Rakhymberlievna Kushugulova, Head of the Microbiome
Laboratory at the Life Sciences Center, Private Institution
“National Laboratory Astana,” Nazarbayev University, for their
support in conducting the research and providing access to
patients

Funding: No external funding was received for this study.

Literature:

1. Ali M., Chang B.A., Johnson K.W., Morris S.K.
Incidence and aetiology of bacterial meningitis among
children aged 1-59 months in South Asia: systematic
review and meta-analysis. Vaccine. 2018.36(39):5846-
57. DOI: 10.1016/j.vaccine.2018.07.037.

2. Babenko D., Seidullayeva A., Bayesheva D.,
Turdalina B. Kozhakhmetov S. Ability of Procalcitonin
and C-Reactive Protein for Discriminating between
Bacterial and Enteroviral Meningitis in Children Using
Decision Tree. BioMed Research International, Volume
2021, Article D 5519436, 7 pages.
DOI: 10.1155/2021/5519436.

3. Cornelis N. van Ettekoven, Fabian D. Liechti,
Matthijs C. Brouwer Global Case Fatality of Bacterial
Meningitis During an 80-Year Period A Systematic
Review and Meta-Analysis/jamanetworkopen.2024.1
asrycra. 7(8): e2424802. DOI: 10.1001

5. Cohen R., Varon E., Béchet S. et al. Comparative
impact of pneumococcal conjugate vaccines on
pneumococcal meningitis according to underlying
conditions. Vaccine. 2016. Vol. 34(41). 4850-4856.
DOI: 10.1016/j.vaccine.2016.08.069

6. Hubert-Dibon G., Danjou L., Feildel-Fournial C. et
al. Procalcitonin and C-reactive protein may help to
detect invasive bacterial infections in children who have
fever without source // Acta Paediatr. 2018. Vol. 107(7).
P. 1262-1269. DOI: 10.1111/apa.14248

7T.lwata S, Takata M, Morozumi M, et al. Drastic
reduction in pneumococcal meningitis in children owing
to the introduction of pneumococcal con jugate vaccines:
Longitudinal analysis from 2002 to 2016 in Japan. J
Infect Chemother. 2021;27(4): 604-12.
DOI: 10.1016/j.jiac.2020.11.019.

8. Kuschke S., Goncalves N., Peer S. Hearing
outcomes in children's hospital, cape town, south Africa;
a silent crisis // S Afr Med J. 2018. Vol. 108(11). P. 944-
946. DOI: 10.7196/SAMJ.2018.v108i11.13067.

9. Lai X., Wahl B., Yu W., et al. National, regional,
and provincial disease burden attributed to
Streptococcus pneumoniae and Haemophilusinfluenzae
type b in children in China: Modelled estimates for 2010—
17. Lancet Reg Health WestPac. 2022; 22: 100430.
DOI: 10.1016/j.lanwpc.2022.100430

10. Lai Y.R., Lin J.R., Chang W.N. et al. Outcomes of
adjunctive steroid therapy in adult patients with bacterial
meningitis in Taiwan: A nationwide population-based

97

epidemiologic study. Journal of Clinical Neuroscience.
2019. Vol. 61. P. 54-58. DOI: 10.1016/j.jocn.2018.10.146

11. Mao D-H., Miao J-K., Zou X., Chen N., Yu L-C.,
Lai X., Qiao M-Y. and Chen Q-X. .Risk Factors in
Predicting Prognosis of Neonatal Bacterial Meningitis. A
Systematic Review. Front. Neurol. October. 2019. Volum
10. 10:1119. DOI: 10.3389/fneur.2019.01119.

12. Mcintyre P.B., O'Brien K.L., Greenwood B., van
de Beek D. Effect of vaccines on bacterial meningitis
worldwide. Lancet. 2012; 380(9854):1703-1711. DOI:
10.1016/S0140-6736(12)61187-8.

13. Morton F., Martinot A., Assathiany R., Roué J.M.,
Bourgoin P., Chantreuil J., et al. Epidemiology of
Community-Onset  Severe Bacterial Infections in
Children and Its Evolution: A Population-Based Study in
France. Pediatr Crit Care Med 2020;21(6):p e325-€32.
pmid:32224829. DOI: 10.1097/PCC.0000000000002300.

14. Mazumder S., Ramya B.S., Biligi D.S. Utility of
urine reagent strips in cerebrospinal fluid analysis: An
aid to bedside diagnosis of meningitis. Indian Journal of
Pathology and Microbiology. 2018. Vol. 61(3):356-359.
DOI: 10.4103/IJPM.IJPM_821_16.

15. Russell N.J., Seale A.C., O’Sullivan C. et al. Risk
of Early-Onset Neonatal Group B Streptococcal Disease
With Maternal Colonization Worldwide: Systematic
Review and Meta-analyses. Clinical Infectious Diseases.
2017.  Vol. 65, Suppl. 2. P. S152-S159.
DOI: 10.1093/cid/cix655.

16. Rodrigues C.M.C., Maiden M.C.J. A world
without bacterial meningitis: how genomic epidemiology
can inform vaccination strategy. F1000 Research. 2018.
Vol. 7. 401, 1. DOI: 10.12688/f1000research.13793.1.

17. Shevtsov A., Aushakhmetova Z, Amirgazin A,
Khegay O. Whole genome sequence analysis of
Neisseria meningitidis strains circulating in Kazakhstan,
2017-2018.  PLoS  One. 2022 Dec 28
DOI: 10.1371/journal.pone.0279536.

18. Seidullayeva A., Bayesheva D., Turdalina, B.,
Elubayeva, A., Kozhakhmetov, S. Sensorineural hearing
loss after bacterial meningitis in children residing in Nur-
sultan. Infektsionnye Bolezni, 2020, 18(4), 189-194.
DOI: 10.20953/1729-9225-2020-4-189-194.

19. Tyler J. Runde, Fatima Anjum, John W. Hafner.
Bacterial Meningitis In: StatPearls [Internet]. Treasure
Island (FL): StatPearls Publishing. 2025 Jan.2023 Aug 8.
PMID: 29261975 Bookshelf ID: NBK470351.

20. Willems Jef., Hermans Eline, Schelstraete Petra.
Optimizing the Use of Antibiotic Agents in the Pediatric
Intensive Care Unit: A Narrative Review. Pediatric Drugs
(2021) 23:39-53. DOI:10.1007/s40272-020-00426-y.

21. Zeeshan F., Bari A., Duga M.N., Saeed F.
Hearing impairment after acute bacterial meningitis in
children. Pak J Med Sci. 2018. Vol. 34(3). 655-659. DOI:
10.12669/pjms.343.14373.

22. Zainel A, Mitchell H, Sadarangani M. Bacterial
meningitis in children: neurological complications,
associated risk factors, and prevention. Microorganisms.
2021. 9(3):535. DOI:10.3390/microorganisms9030535.

23. De JongeR.C.J. et al. Predicting sequelae and
death after bacterial meningitis in childhood: A systematic
review of prognostic studies de Jongeet al // BMC Infectious
Diseases. — 2010. - Vol. 10(1). — P. 232.


https://doi.org/10.1016/j.vaccine.2018.07.037
https://doi.org/10.1155/2021/5519436
https://doi.org/10.1016/j.vaccine.2016.08.069
https://doi.org/10.1111/apa.14248
https://doi.org/10.1016/j.jiac.2020.11.019
https://doi.org/10.7196/samj.2018.v108i11.13067
https://doi.org/10.1016/j.lanwpc.2022.100430
https://doi.org/10.1016/j.jocn.2018.10.146
https://doi.org/10.1097/pcc.0000000000002300
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mazumder%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30004054
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ramya%20BS%5BAuthor%5D&cauthor=true&cauthor_uid=30004054
https://www.ncbi.nlm.nih.gov/pubmed/?term=Biligi%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=30004054
https://doi.org/10.4103/ijpm.ijpm_821_16
https://doi.org/10.1093/cid/cix655
https://doi.org/10.12688/f1000research.13793.1
https://doi.org/10.1371/journal.pone.0279536
https://www.scopus.com/authid/detail.uri?authorId=57211514136
https://www.scopus.com/authid/detail.uri?authorId=57211514136
https://www.scopus.com/authid/detail.uri?authorId=57189647628
https://www.scopus.com/authid/detail.uri?authorId=57193896873
https://www.scopus.com/authid/detail.uri?authorId=57222580547
https://www.scopus.com/authid/detail.uri?authorId=57223210171
https://www.scopus.com/sourceid/21100787317?origin=resultslist
https://www.ncbi.nlm.nih.gov/books/NBK470351/
https://doi.org/10.1007/s40272-020-00426-y
https://doi.org/10.12669/pjms.343.14373
https://doi.org/10.3390/microorganisms9030535
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Jonge%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=20684796

Original article Science & Healthcare, 2025 Vol. 27 (2)

Author Contributions:
Baesheva Dinagul - MD, MD, Head of the Department of Pediatric Infectious Diseases, "Astana Medical University",
postal address: 014692/Z05P6T4 Astana, M.Dulatov str. 17, Phone: +7 701 380 60 10 E-mail: baesheva_dina@mail.ru
, https://orcid.org/0000-0002-1141-1564 — development of research methodology, formulation of conclusions.
Zhumagalieva Galina - Professor of the Department of Pediatric Infectious Diseases, Candidate of Medical Sciences,
NAO "Astana Medical University", Phone: +7 707 825 89 77 Postal address: 010000, Astana, Najvedenova str., 13,
sq. 105. galdau@mail.ru , https://orcid.org/0000-0002-5448-072X - critical revision of the text of the manuscript,
editing of the text of the manuscript.
Kosherova Bakhyt - Doctor of Medical Sciences, Professor of the Department of Pediatric Infectious Diseases,
NAO"Astana Medical University", Astana, postal address: 010000 Astana, Alikhan Bukeikhan 29, 66, Phone: +7 701
147 25 03, E-mail: bakosherova@mail.ru , https://orcid.org / 0000-0001-8238-5255 — statistical analysis data,
generalization of the research results, formulation of conclusions.
Turdalina Bayan - MD, PhD, Associate Professor of the Department of Pediatric Infectious Diseases of the NAO
"Astana Medical University", doctor on duty at Multidisciplinary City Children's Hospital No. 3, postal address: 010000
Astana, Al-Farabi ave., d-1, 96, Phone: +7 74) 268 66 32 E-mail: turdalina777bayan@gmail.com,
https://orcid.org/0000-0002-3955-4903 collection of biomaterial of the main group statistical data analysis.
Altynbekova Alyona - MD, Assistant of the Department of Pediatric Infectious Diseases of the National Academy of
Sciences "Astana Medical University", infectious diseases specialist, Astana City Polyclinic No. 6, postal address:
Akmola region, Arshaly district, A.Zhibek Zholy, Kazybek bi str. 62B, Phone: +7 701 689 30 13 , E-mail:
alena_88.08@mail.ru , https://orcid.org/0000-0002-4407-4525 — editing the text of the manuscript, making the
manuscript, working with graphic material. The author is a correspondent.
Kubekova Saule - MD, PhD, Associate Research Professor at the Department of Internal Medicine with a course in
Geriatrics, NAO "Astana Medical University", cardiologist at the MC MediHealth Medical Center postal address:
010000 Astana, Koshkarbayeva 10, 2009, Phone: +7 701 523 00 36 , E-mail: dr.kubekova@gmail.com,
https://orcid.org/0000-0001-5358-3690 — data collection and systematization.
Zhuzzhasarova Aigerim - MD, PhD, Associate Professor of the Department of Infectious Diseases and
Dermatovenerology, South Kazakhstan Medical Academy, Shymkent, postal address: 16005 Shymkent, district Nursat
158,KV 37, Phone: +7 708 999 48 89 , E-mail: zhuzzhasarova.a87@gmail.com, https://orcid.org/0000-0001-6556-4489
— collecting the biomaterial of the control group and statistical data analysis.
Utegenova Aigul - PhD, Associate Professor of the Department of Microbiology and Virology named after Sh. I.
Sarbasova NAO "Medical University of Astana," postal address: 010000, Astana, Kabanbai Batyr Avenue 5/1, 251, E-
mail: utegenova.a@amu.kz, Phone: + 7 777 984 8400 - laboratory frequency of heating work
Zharmaganbetova Baglan - Head of the Infectious Diseases Department No. 6, "Multidisciplinary City Children's
Hospital No. 3", postal address: 010000, Astana, 31-19 Chingiz Aitmatov St., Phone: +7 771 103 20 09 , E-mail: -
b.olzhabayevna@mail.ru, interpretation of the research results- patient consultation, interpretation of study results.
Seidullayeva Aliya - MD, PhD, Associate Professor of the Department of Pediatric Infectious Diseases of the National
Academy of Sciences of Astana Medical University, doctor on duty at the State Clinical Hospital for Pediatric Diseases
of the Multidisciplinary City Children's Hospital No. 3, postal address: 010000 Astana, Sultan Beybarys 25/4, 17, 1,
Phone: +7 701 186 03 03 E-mail: seidullayeva.aliya@gmail.com , https://orcid.org/0000-0002-7513-5677 -
substantiation of the research concept (formulation of the idea, research goals and objectives), cbop 6uomatepuana
writing the text of the manuscript, design of the manuscript.

Corresponding Author:

Seidullayeva Aliya - MD, PhD, associate professor of the Department of Children's Infectious Diseases of the NAO "Astana
Medical University", doctor on duty of the State Clinical Institution on the Right of Economic Management of the
Multidisciplinary City Children's Hospital No. 3 of the Akimat of Astana,

Postal address: 010000 Astana, Sultan Beybarys 25/4, apt. 17.

E-mail: seidullayeva.aliya@gmail.com,

Phone: +7 701 186 03 03

98


mailto:b.olzhabayevna@mail.ru

