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Neonatal sepsis (NS) continues to be the one of the major problems in neonatal practice. This is due to the variability of clinical manifestations 
and, in part, the lack of available diagnostic markers that are significantly associated with mortality as a result of neonatal sepsis.
The purpose — to study the role of paraclinical markers of myocardial dysfunction in neonates with sepsis.
Materials and methods. To achieve this goal, 87 newborns (the main group) with manifestations of a generalized infectious-inflammatory 
process were under our observation. The control group included 30 newborns, in which infectious and inflammatory diseases were refuted. 
Examination and treatment of patients with NS was carried out in accordance with modern international guidelines and recommendations.
Results and discussion. Based on a comprehensive clinical and paraclinical examination of neonates of the main group, it was found that 
25 (28.7%) newborns suffered from early sepsis, respectively, the remaining 62 (71.3%) patients had late NS. According to the severity of 
the condition, 76 (87.4%) children of the main group included in the study required intensive care, which was provided in the neonatal inten-
sive care unit. The average value of procalcitonin in the main observation group was 2.53±0.33 ng/ml, respectively, in the control group —  
0.24±0.04 ng/ml (p<0.05). The mean values of creatine phosphokinase, MB fraction and troponin I in the main observation group  
were 58.44±2.39 U/l and 0.33±0.05 ng/ml, respectively, in the control group — 41.74±2.45 U/l and 0.04±0.01 ng/ml (p<0.05).
Conclusions. Generalized infectious-inflammatory process in neonates is accompanied by increased activity of cardiotropic biochemical 
markers.
The study was conducted in accordance with the principles of the Declaration of Helsinki. The research protocol was approved by the Local 
Ethics Committee of the institution mentioned in the work. Informed consent of the children’s parents was obtained for the research. 
No conflict of interests was declared by the authors.
Keywords: neonate, neonatal sepsis, septic myocardial dysfunction.
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Table 1
General characteristics of comparison groups

Note: Ý�+��^�[�[\_[��[]¢[[\�]�[��{^\� �qx��{\��]�[�_q\]�q�� �qx�?��Þ#|#!|

Indicator Main group (n=87) Control group (n=30)
Gestational age, weeks M±m 35.3±0.39 37.9±0.48*

Body weight at birth, g M±m 2561.2±102.37 3077.3±134.52*

Body length at birth, cm M±m 47.3±0.72 51.1±0.77*

Sex
male abs. (%) 53 (60.9) 18 (60.0) 

female abs. (%) 34 (39.1) 12 (40.0) 

Birth by caesarean section abs. (%) 37(42.5) 8 (26.7) 
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Table 2
Some indicators of the complete blood count at hospitalization in newborns of comparison groups

Notes: ;Â��+�{��q�x][�\[x]�q��^��_qx\]<�Ö``�+��[x�q_�][�^\]q�^_{]^q\�^\�[�<�Â``�+�\x_�[{��^\]q�^_{]^q\�^\�[�|

Indicators Main group
(n=87)

Control group
(n=30) �

Blood leukocytes (×109/l), ±m 20.09±1.25 13.41±0.79 p<0.05
Band neutrophils (%), ±m 18.0±0.94 8.33±1.09 p<0.05
ANC, (×109<��%�Ba 14.08±1.07 6.51±0.62 p<0.05
LII, ±m 2.59±0.47 0.42±0.06 p<0.05
NII, ±m 0.61±0.06 0.41±0.04 p<0.05
Thrombocytes, G/l, ±m 255.28±16.28 291.44±12.62 �¾464�
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Table 3
Activity of biochemical markers of cardiovascular system damage in newborns of comparison groups

Notes: ���B���+�_�[{]^\[���q���q�^\{�[?����j�{_]^q\<�Ö���+��{_]{][��[����q [\{�[|

Indicators Main group
(n=87)

Control group
(n=30) �

CPK-MB, U/l, ±m 58.44±2.39 41.74±2.45 p<0.05
LDH, U/l, ±m 647.59±30.94 222.77±21.85 p<0.05
Troponin I, ng/ml, ±m 0.33±0.05 0.04±0.01 p<0.05
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Table 4
[2?>=2BA>2:3�:@�238245>:=?�:@�45=82:?7642H4�95=D6=�54>2Y2>E�59:3;�36:35>6?� 

with sepsis depending on reference values and averages

Table 5
Diagnostic value of troponin I in the detection of cardiac dysfunction in NS

Notes: ���B���+�_�[{]^\[���q���q�^\{�[?����j�{_]^q\<�Ö���+��{_]{][��[����q [\{�[|

Indicator

A subgroup of 
neonates with NS on 

inotropic support, 
1st?AB;=:A7

(n=36)

A subgroup  
of neonates with NS 

without inotropic 
support, 2nd  

subgroup (n=51)

Control group
(n=30) �

Frequency of cases is above average

(Yk�bl�¾�=6+:�i<_ 25 (69.4%) 23 (45.1%) 6 (20%) �+st:2nd <0.05
p1st,2nd:c<0.05

c���¾�=+691�i<_ 26 (72.2%) 28 (54.9%) — �¾464�
o/WmWRTR�*�¾46�2�R`<a_ 24 (66.7%) 5 (9.8%) — p<0.05

Frequency of cases is above the normative values

(Yk�bl�¾�=�i<_ 36 (100%) 48 (94.1%) 27 (90%) p1st:2nd�¾464�%
p1st,2ndÃ\¾464�

c���¾=�4�i<_ 33 (91.7%) 35 (68.6%) — p<0.05
o/WmWRTR�*�¾46+�R`<a_ 36 (100%) 11 (21.6%) — p<0.05

Indicators
[25;3:?>24�Y51A6(�y����y0m� Likelihood Ratio

sensibility ?7642H42>E
Predictive value positive 

result
negative 

resultpositive result negative result

Troponin I 
¾46�2�R`<a_

68.7
(58.6-77.6)

90.9
(83.4-95.7)

88.3
(78.9-94.5)

74.4
(65.7-81.8) 7.55 0.34
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Acute bacterial meningitis (ABM) leads to a significant number of complications and high mortality.
The aim — to analyze the etiological structure, epidemiological, socio-demographic features and complications in ABM in children of Khmel-
nitskyi region during 2004–2018.
Materials and methods. The analysis of 346 cases of ABM, of which 217 boys and 129 girls was conducted. The etiology of meningitis 
was determined by bacterioscopy, bacteriological sowing, latex agglutination and polymerase chain reaction. Complications were revealed 
][0VZ�WR�SfV�\_TRT\[_�mT\SU/V�[RZ�\WamUSVZ�SWaW`/[mf^�[RZ��[`RVST\�/V0WR[R\V�Ta[`TR`6�ofV�m/W\V00TR`�WX�SfV�/V0U_S0�n[0�\[//TVZ�WUS�U0TR`� 
analytical method, t-criterion and constructing 95% confidence interval.
Results. The disease started with fever 346 (100%), neck stiffness 289 (83.5%) and vomiting 273 (78.9%), less common, alteration 
of consciousness 28 (8.1%) and seizures 9 (2.6%). The high level of the cytosis were observed in meningococcal (5801.3±4856.7 cells/
mm3) and Hib meningitis (5152.6±4153.1 cells/mm3), the lowest level was in pneumococcal meningitis (2601.0±1839.6 cells/mm3). The 
highest level of liquor protein was in pneumococcal meningitis (179.0±51.0 mg/dl), and the lowest level was in meningococcal meningitis  
(102.0±49.0 mg/dl) and Hib meningitis (112.0±56.0 mg/dl). The etiological factor was established in 121 (35.0%) of patients. 52 (15.4%)  
of patients had neurological complications.
Conclusions. The majority (58.1%) of ABM are in children under the age of 3. The main causative agent remains N. meningitidis — 57.9%, 
the second place is S. pneumoniae — 21.5%, the third Hib — 9.9% of cases. Frequent complications were brain edema 32 (61.5%), seizures 
19 (36.5%) and hydrocephalus 8 (15.4%). 
The study was conducted in accordance with the principles of the Declaration of Helsinki. The research protocol was approved by the Local 
Ethics Committee of the institution mentioned in the work. Informed consent of the children’s parents was obtained for the research.
No conflict of interests was declared by the authors.
Keywords: children, bacterial meningitis, epidemiology, etiology.
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Introduction

Acute bacterial meningitis (ABM) is con-
sidered as one of the most dangerous in-
������"
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$�	%
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cant number of complications and high mortality [1]. 
It meets a frequency of 2–5 per 100 thousand people 
in Western Europe and can be tens of times higher 
in less developed countries [10]. ABM is among the 
top ten causes of death related to infectious diseases 
in the world, the mortality rate of which is 20–30% 
[10,12]. In 30–50% of those who recovered they have 
permanent neurological complications [10].

Approximately 70% of cases of meningitis occur 
in children under the age of 5 years and in adults 
over the age of 60 [11].
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Ë���
	
������	��

risk of cognitive impairment, mental retardation 
and hearing impairment that persist in adolescence 
and can impair training, lead to behavioral disor-
ders and social functioning [2].

Almost all bacterial pathogens have the poten-
tial to cause meningitis in human, however the rela-
tively small number of pathogens (i.e. Streptococcus 
B, Escherichia coli, Listeria monocytogenes, Hae-
:!;5%/6*	 %#$6(#<,(	 0	 =>?0@, Streptococcus pneu-
moniae and Neisseria meningitidis) accounts for 
the majority of ABM cases in newborns and chil-
dren, although the causes this association remains 
incompletely understood [15].

More than 90% of ABM cases in the world cause 
three major pathogens: >%0, Streptococcus pneu-
moniae (S. pneumonia) and Neisseria meningitidis  
(N. meningitides). However, the introduction of 
protein conjugated vaccines against these three 
pathogens in some countries has changed the epi-
demiology of bacterial meningitis [3,11,17]. In the 
United States there is a tendency to reduce mor-
bidity and mortality for pneumococcal and menin-
gococcal meningitis which are associated with the 
introduction of appropriate vaccination [9].

Thus, etiological agents, climatic and epidemiologi-
cal factors that contribute to meningitis vary according 
to country and area. Determining these factors is cru-
cial for monitoring and preventing this problem [14].

The aim of the study — to analyze the etiolo- 
gical structure, epidemiological, socio-demograph-
ic features and complications in ABM in children of 
Khmelnitsky region during 2004–2018.

Materials and methods
It was conducted a prospective analysis  

of 346 cases of ABM in children undergoing treat-

ment at the Khmelnytskiy Infectious Diseases 
Hospital for the period from 2004 to 2018 of which 
217 boys and 129 girls.

The diagnosis was based on clinical data  
(presence of intoxication, cerebral and meningeal 
syndromes) and liquor analysis (cytosis with pre-
dominance of neutrophils).

Establishment of the etiological pathogen  
of meningitis was carried out until 2007 by the 
bacteriological method. Starting from 2007, the 
research was carried out at the Central Sanitary 
and Epidemiological Station of Ukraine (Kyiv) 
by polymerase chain reaction (PCR) method us-
ing a set of reagents “Ampli Sens” Neisseria ssp,  
Haemophilus ssp, Streptococcus ssp produced by 
the State Research Center of the Central Research 
Institute of Rospotrebnadzor. Simultaneously with 
the PCR method bacterioscopy techniques were 
used to treat smear of liquor with coloring of Gram 
material, bacteriological cultures of blood and li-
quor and the method of latex agglutination.

Complications from the central nervous system 
were manifested on the basis of a clinical picture 
of their development (paresis of extremities, con-
vulsions, etc.) and by additional research methods 
�	��$2
���+"��%
������	+�2
[�7\
	�%
�	������

resonance imaging (MRI) both during the acute 
period of the disease and during the early recon-
valescence. In the study we used an analytical  
method. The processing of the results was carried 
out by means of determining the standard devia-
tion of the arithmetic mean (M±�), Student’s cri-
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The study was conducted in accordance with 
the principles of the Declaration of Helsinki. The 
study protocol was approved by the Local Ethics 
Committee for participant. Informed consent of the 
children’s parents was obtained for the research.

Results and discussion
Analyzing the dynamics of the incidence  

of ABM in children, it can be noted mainly its sta-
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noticeable outbreak of infection in 2007–2008 as 
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peak incidence occurred in 2007 and 2008, while 
a noticeable decline in incidence has been observed 
since 2014 with the lowest rates in 2017–2018.  
A similar trend with a decrease in the incidence rate 
can be associated primarily with the introduction 
in Ukraine to children under 1 year of age, start-
ing in 2006, of routine vaccination against >%0-in-
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fection and, as a result, a decrease in the propor-
tion of meningitis caused by >%0-infection, as well  
as socio-demographic factors (especially migration 
of the population and a decrease in the number of 
children in the region).

ABM in children practically equally arose in 
all seasons with slight variations depending on the 
month. The lowest incidence was observed in April 
15 (4.3%) and the highest in September and Octo-
ber (by 38 (10.9%) end 39 (11.3%), respectively), 
(Fig. 2). In general, the highest seasonal increase in 
the incidence of ABM in children is in the autumn 
period and it is 101 (29.2%) of the total annual in-
cidence.

An increase in the incidence of ABM in chil-
dren in the autumn is most likely due to seasonal  
climatic changes, an increase in the number of re-
spiratory diseases and an increase in contacts with 
other children in kindergartens and schools.

In the Egyptian study the highest morbidity in 
the ABM was observed in the autumn and winter 
periods [2]. In Italian observations the maximum 
number of cases of ABM (63.5%) occurred for the 
period from October to March [5].

The average age of children with ABM disease 
was 4.26±0.26 years. According to age categories 
the incidence of ABM was distributed as follows: 
��
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fered from illness, 89 (25.7%) from 1 to 3 years old,  
61 (17.6%) from 4 to 11 years old, from 8 to 12 years 
old — 40 (11.6%) and from 13 to 18 years old —  
44 (12.7%). Thus, the overwhelming majority of 
ABM was found in children aged 1 month to 3 years 
201 (58.1%) especially before 1 year 112 (32.4%). 
Similar data was obtained in other studies [1,13].

A similar trend, in which the greatest incidence 
occurs in children under 1 year old and from 1 year 
to 3 years and which can be traced in studies in 
other countries can be explained by the immaturi-

ty of the immune system and central nervous sys-
tem (especially the blood-brain barrier). Also, the 
risk of the disease increases in the presence of an 
unfavorable premorbid background (prematurity, 
previous intrauterine hypoxia, anemia) and con-
comitant diseases, which are very often observed 
in this age category. In our study, premorbid back-
ground and concomitant pathologies were observed  
in 92 (46%) patients under 3 years of age and were 
mainly represented by anemia 66 (71.7%), peri-
natal CNS lesions 15 (16.3%), and malnutrition  
9 (9.8%) and etc.

According to the received data the num-
ber of male patients who were ill with ABM  
was 212 (62.7%), while the female population  
was 126 (37.3%) which corresponded to the ratio of 
boys to girls 1.7:1.

The etiological factor of ABM was established 
in 121 (35.0%) patients (Fig. 3). The detection of 
pathogens of ABM in other countries and regions 
varies slightly and does not always reaches even 
an average level which can be due to many factors. 
According to the study [16] the average level of de-
tection of ABM in the country was 37.1%, among 
which the detection of meningococcal etiology was 
41.8% and meningitis of nonmeningococcal etiolo-
gy was not more than 32% [16]. At the same time, 
in Italy the detectability of the pathogens of the 
ABM reached 65.9% [5].

Figure 3 shows that Neisseria meningitidis re-
mains the main pathogen among children with 
ABM which was detected in 70 (57.9%) cases.  
The second ranked place is S. pneumoniae, which 
was detected in 26 (21.5%) patients. The third 
place was usually >,(:!;5%/6*	 %#$6(#<,(, which 
was detected in 12 (9.9%) patients. Staphylococcus 
aureus 5 (4.2%) was a notable percentage among 
the pathogens and other agents were isolated in 
rare cases.
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Fig. 1. Dynamics of sickness for ABM in children of Khmelnitskyi region 
during 2004—2018

Fig. 2. The seasonal morbidity of ABM in children in Khmelnytskyi Region 
from 2004 to 2018
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Since 2006 routine vaccination of chil-
dren against >%0-infection has been carried out  
in Ukraine, at the same time vaccination against 
meningococcal and pneumococcal infections has 
not been carried out and is not carried out, there-
fore it is possible that these pathogens dominate the 
etiological structure of ABM both in the region and 
throughout the country.

It should be noted that 9 out of 12 children 
in whom >%0
 Ë	
 �%������%
 Ë���
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 3	����	��%

against this infection.

It should be noted that in 34 (48.3%) of cases  
it was detected the serogroup N. meningitidis 
where meningococcal serogroup B 18 (25.7%) was  
the most frequent and serogroups C 9 (12.6%) and 
A 6 (8.6%) were found to be less frequent. In only 
one case it was detected the meningococcal sero-
group W135; in other cases the serogroup of the 
pathogen was not successful.
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pathogen in 66 (54.5%) patients, by bacterioscopy 
of the smear of the liquor — in 45 (37.2%) patients, 
by latex agglutination method — in 5 (4.1%) and 
bacteriological sowing method of the materi-
al — in general 65 (53.7%) patients. The method 
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in 42 (64.6%) patients, the sowing of blood — 
in (23.2%) patients and in 4 (6.1%) patients the 
causative agent was sown posthumously from the 
shells of the brain.
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methods only one method detected a pathogen  
in 74 (61.1%) patients with two methods simultane-
ously in 38 (31.4%) patients and at the same time in 
three methods in 9 (7.5%) patients.

The received data from the etiological factor in 
most cases coincide with the data obtained in other 
regions and countries.

However, in some countries the etiological 
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be explained by the use of appropriate vaccines 
against the main pathogens of meningitis as well as 
geographical features and socio-demographic fac-
tors.
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na. The main causative agent of ABM was also  
S. pneumoniae 33.2% but E. coli 10.9% took the  
second place and Enterococcus 10.0% took the third 
place which could be explained by the fact that the 
group of patients was predominantly composed of 
children under the age of 1 where these pathogens 
can often be the cause of ABM [13].

In our study the bacterial culture of N. men-
ingitidis was detected in 34 patients, S. pneumo- 
niae — in 13 and >%0 — in 7 patients. Accordingly, 
a study was conducted on sensitivity to antibiot-
ics. In the course of the research it was determined 
that N. meningitidis was in most cases susceptible to 
most antibacterial agents namely: chloramphenicol,  
ampicillin, penicillin, ceftriaxone, meropenem, 

0.8%
4.9%

0.8% 0.8%

0.8%

1.7%

Hib  9.9%

S. pneumoniae
21.5%

N. meningitidis
     57.9%

25.7%

12.6%
1.4%

8.6% 51.7%

S. pneumoniae Klebsiella Str. agalactiae Hib Staph. epidermidis
Staph. aureus Streptococcus B Proteus vulgaris N. meningitidis-A N. meningitidis-B
N. meningitidis-C N. meningitidis-W135 N. meningitidis-y

Fig. 3. The etiological structure of purulent meningitis in children in Khmelnytskyi region from 2004–2018
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cases N. meningitidis serotype B was not suscep-
tible to vancomycin and in two (5.8%) cases they 
were moderately susceptible to vancomycin and 
clindamycin.

S. pneumoniae was almost always susceptible to 
chloramphenicol, ampicillin, penicillin, ceftriaxone, 
����+�����
�ß�8	����
	���	����
3	����2����
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cases S. pneumoniae
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and in one (7.7%) case — to chloramphenicol.

>%0 was susceptible to chloramphenicol, ceftri-
	8����
 	��8���$$���
 $�3�ß�8	����
 ���	+��	Þ���
 	�%

doxycycline. In two (28.5%) cases >%0 was not 
susceptible to ceftriaxone, amicacin, ampicillin and 
imipenem.

In 305 (88.1%) children the disease was over-
whelming as meningitis whereas meningoencepha-
litis was diagnosed in 41 (11.9%) children. There 
Ë	
 ��
 ������	��
 %�@������
 ��
 ���
 ����%����
 #�-
tween the children of the countryside and the city. 
Mostly children living in urban areas 186 (53.8%) 
in comparison with rural children 160 (46.2%), 
were ill that corresponding to a ratio of 1.2:1.

In 346 (100%) of cases, the disease began with 
fever. Very frequent symptoms of ABM were 
���5
 ��@��
 �0�
 [0*��Ò\
 	�%
 3�������
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(78.9%). Seizures was almost always manifested 
by tonic-clonic epileptic seizures and was observed  
��
 �
 [���Ò\
 ��
 +	�����
 ���
 ���
 ���
 %	2
 ��
 ���
 
disease, subsequently they developed in another  
10 (2.9%) of patients. Focal neurological signs were 
presented in the form of development of limb pa-
resis in 4 (13.8%) patients, cranial nerve involve-
ment in 5 (17.2%) patients, oculomotor disorders  
in 15 (51.8%) patients, limb tone disorders, anisore-
ß�8�	�
	�%
���
+������
��
+	���$����	$
 ��ß�8�
 ��

another 5 (17.2%) patients. The clinical manifesta-
tion of ABM is presented in table.

The development of similar clinical symptoms 
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 QÊª
 ��
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noted in studies by other authors.

The highest level of cytosis with the pre- 
dominance of neutrophils was observed in 
meningitis caused by N. meningitidis which  
was 5801.3±4856.7 cells/mm3
 	�%
 ������	��-
ly exceeded the cytosis level in meningitis caused  
by S. pneumoniae in which it reached  
2601.0±1839.6 cells/mm3 (p<0.001) (95% CI, 
1246.5 to 5154.0 cells/mm3). It was slightly low-
��
 	�%
 �	�����	$$2
 ��������	��
 [+ä����\
 ��	�

with meningococcal meningitis it was observed 
the cytosis at meningitis induced >%0 which 

was 5152.6±4153.1 cells/mm3, however cytosis 
Ë	
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 "+�����
 ��
 ���������
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S. pneumoniae (p<0.01), (95% CI, 597.7  
to 4505.4 cells/mm3). The high level of cytosis in 
meningitis caused by N. meningitidis and >%0 can 
#�
 �8+$	���%
 #2
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 ��ß	��	���2
 ��	�-
tion of the body in response to the release of bacte-
rial endotoxin, the main factor of the emergence of 
toxic toxic shock, which is released only when the 
bacteria are destroyed, which is especially charac-
teristic of meningococcus and other gram-negative 
#	�����	�
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the cells of the immune system, which leads to the 
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tors and cytokines with the development of a pro-
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The level of protein of the liquor was the 
highest in meningitis caused by S. pneumoniae 
and was 179.0±51.0 mg/dl in comparison to 
meningitis induced N. meningitidis where its level 
was 102.0±49.0 mg/dl (p<0.001), (95% CI, 54.0 
to 99.0 mg/dl) and meningitis induced >%0 where 
the protein level was 112.0±56.0 mg/dl (p<0.05), 
(95% CI, 29.0 to 104.0 mg/dl).
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fact that meningitis caused by S. pneumoniae  
has a more severe course and it is much more of-
ten causes damage of the brain substance with the 
development of neurological complications and the 
tendency to abscess. Similar changes in contrast 
to gram-negative pathogens are associated main-
ly with the action of exotoxin bacteria. In studies 
by J.S. Braun et al. (2007) it was shown that it is 
pneumolysin that is the key factor in the develop-
ment of neuronal damage and death in pneumococ-
cal meningitis [8].

A,0/(
Clinical manifestation of acute bacterial  

meningitis in children

Clinical symptoms Number  
of patients %

Fever 346 100
Headache 124 35.8
Vomit 273 78.9
gV\d�0STÉRV00 289 83.5
Kernig’s sign 176 50.8
Brudzinski’s sign 122 35.2
Hyperesthesia 130 37.6
Irritability 36 10.4
Alteration of consciousness 28 8.1
Seizures 9 2.6
Focal neurological signs 29 8.4
Septic shock 21 6.0
Petechial rash 56 16.2
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A similar trend was observed with the levels  
of sugar in liquor. At the lowest level it was detect-
ed in meningitis induced S. pneumoniae and it was 
1.91±0.35 mmol/l, while in meningitis induced  
N. meningitidis the sugar level was  
2.41±0.47 mmol/l (p<0.01), (95% CI, 0.29  
to 0.70 mmol/l) and with meningitis caused by 
>%0 2.35±0.34 mmol/l (p<0.01), (95% CI, 0.19  
to 0.68 mmol/l) compared with pneumococcal 
����������
7����
Ë	
��
������	��
%�@������
#�-
tween the level of liquor sugar between meningo-
coccal meningitis and meningitis induced >%0.

According to the European Federation of Neuro-
logical Societies (EFNS) the neurological compli-
cations of ABM occur in 30–50% of cases. Chronic 
fatigue, depression and sleep disturbance are often 
found in reconvalescents of meningitis. Cognitive 
dysfunction, behavioral disorders, convulsions, and 
motor disorders are common complications of me- 
ningitis in adults and children. Delay in growth 
and mental development are delayed complications 
of ABM found in children. Chronic fatigue, depres-
sion and sleep disturbance are common in reconva-
lescents of meningitis [10].

In a study by M.C. Atti et al. (2014) in 34.1%  
of cases of ABM there was at least one complication 
of the course of pathology, in 7.1% there were severe 
complications [5]. The most serious and frequent 
complications arise in meningitis caused by Strep-
tococcus pneumoniae with a high mortality rate of 
up to 36% of cases [7]. In 40% of cases of pneumo-
coccal meningitis there are neurological compli-
cations of which the most frequent are behavioral 
disorders (22.9%) [4].

According to G. Berberian et al. (2014) com-
plications of pneumococcal meningitis occurred in 
50% of patients and the lethal end was observed in 
10% of cases. In 22% of cases pneumococcal menin-
gitis was secondary, most often as a result of pneu-
monia, otitis and sinusitis [6].

In our observation, in 52 (15.4%) patients, both 
acute and late neurological complications of the 
%��	�
Ë���
�#��3�%�
	
������	��
+	��
��
Ë����

were severe (Fig. 4).

Of severe infections which complicated the 
course of the disease the brain edema 32 (61.5%), 
epileptic seizures 19 (36.5%) and hydrocepha-
lus 8 (15.4%) were common. Subdural hygromes 
7 (13.4%), paresis of extremities 4 (7.7%), abscess 
formation 3 (5.7%), subarachnoid hemorrhage, 
hearing impairment and subdural empyema were 
detected (by 2 (3.8%), respectively). Among other 
lesions 4 (7.7%) isolated cases were parenchymal 
and subdural hemorrhages, ischemic stroke, visual 
impairment with the development of amaurosis and 
ventriculitis. In 18 (34.6%) patients several compli-
cations were observed at the same time.

In our study the most severe and frequent 
complications occurred in meningitis caused 
by S. pneumoniae compared to other bacterial 
meningitiditis agents (Fig. 5).

Thus, the most severe cerebral complications 
were observed in meningitis caused by  
S. pneumoniae and >%0.

The outcome of the disease with full reco- 
very was observed in 268 (77.4%) patients and 
in 78 (22.6%) patients the consequences of the  
disease were observed in the form of cerebroas- 
thenic syndrome 67 (85.9%), autonomic dysfunction  
4 (5.3%), and epilepsy 4 (5.3%), deafness 2 (2.6%), 
apallic syndrome, atactic syndrome and amaurosis 
1 (1.3% each). It should be noted that all cases of 
deafness occurred with >%0 meningitis.

Also during the study period 15 (4.3%) patients 
died, including boys 11 (73.3%) and 4 (26.7%) girls 
corresponding to 2.75:1 with a total annual mor-
tality of 0.44 per 100 thousand children. After the 
introduction of vaccination against >%0-infection, 
there is also a decrease in mortality from ABM in 
children. If during the study period the highest 
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Fig. 4. General complications of ABM in children from the central nervous 
system Fig. 5. Complications of the CNS caused by the main pathogens of ABM
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mortality from ABM was observed in 2006 (1.62 
per 100 thousand children), then the lowest mor-
tality was observed in 2016 (0.41 per 100 thousand 
children).

In 11 (73.3%) patients the disease was over-
whelming as meningoencephalitis. Almost all 
deceased causes of death were the development 
of cerebral edema with insertion into the large  
occipital opening, while in 4 (26.6%) patients oc-
clusive hydrocephalus was detected, in 2 (13.3%) 
the brain abscess was detected and 1 (6.6%) sub-
dural hemorrhage and ventriculitis were detected.

The majority 11 (73.7%) of deceased children 
were under 1 year old. In 9 (60.0%) dead patients 
the pathogen was detected of which 3 (33.3%) were 
S. pneumoniae, 3 (33.3%) children had N. menin-
gitidis, and 1 (11.1%) kid had Staphylococcus au-
reus, Staphylococcus epidermidis and Proteus vul-
garis. In the other 6 (40.0%) children the pathogen 
Ë	
���
�%������%�

Taking into account epidemiological data, 
during the study the prevalence of ABM among 
children in the Khmelnitskyi region was deter-
mined which in total was 10.0 per 100 thousand 
children per year. It can be noted that the obtained 
indicator is somewhat higher than the total Euro-
pean population which is probably related to the 
climatic conditions of the region and the absence of 
planned vaccination against major pathogens of the 
ABM (N. meningitidis and S. pneumoniae).

Conclusions
Over the past ten years, there has been  
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children, which is probably associated with the 
introduction in Ukraine, starting in 2006, of a 
planned vaccination against >%0-meningitis.

Mostly (58.1%) children with ABM aged 
1 month to 3 years old, especially one year old 
(32.4%) are ill. The disease is more common in boys 
than in girls in the ratio of 1.7:1.

The etiological factor of ABM was established 
in 121 (35.0%) patients. N. meningitidis remains 
the major causative agent among children with 
ABM which was detected in 70 (57.9%) cases. 
The second place is S. pneumoniae — 26 (21.5%)  
cases. The third place was >%0 which was detected  
in 12 (9.9%) patients. Staphylococcus aureus  
5 (4.2%) was a notable percentage; other agents 
were isolated in rare cases.

All detected pathogens of ABM were sen-
sitive to the main antibacterial preparations  
(ceftriaxone, penicillin, chloramphenicol, meropen-
em, etc.) which are used as a starting therapy in the 
treatment of ABM.

In 346 100% of cases, the disease began with fever. 
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289 (83.5%) and vomiting 273 (78.9%). The highest 
level of cytosis with neutrophil prevalence was ob-
served in meningitis caused by N. meningitidis com-
pared with pneumococcal meningitis (p<0.001). The 
$�3�$
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����#��+��	$
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+������
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pneumococcal meningitis compared with meningo-
coccal meningitis and >%0-meningitis (p<0.05).

In our observation, neurological complications of 
the disease were observed in 52 (15.4%) patients. The 
most common complications were cerebral edema 32 
(61.5%), epileptic seizures 19 (36.5%) and hydro-
cephalus 8 (15.4%). The most severe cerebral compli-
cations occurred in meningitis caused by S. pneumo-
niae. The outcome of the disease with full recovery 
Ë	
�#��3�%
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��0
[���6Ò\
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of the disease were observed in 78 (22.6%) patients.

During the study 15 (4.3%) patients died which 
corresponded to an annual mortality of 0.44 per 
100 thousand children.

In the course of the study the prevalence of 
ABM among children in the Khmelnitskyi re-
gion was determined which in total was 10.0 per  
100 thousand children per year.
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Дефіцит BД

25(OH)D <20 нг/мл

Субоптимальна 

концентрація BД

25(OH)D — 20–30 нг/мл 

Оптимальна концентрація

25(OH)D — 30–100 нг/мл 

Лікування препаратами вітаміну D

3

протягом 3 місяців

Профілактика препаратами

вітаміну D3 і D2, 

добова доза — 1000–2000 МО  

Добова доза 

вітаміну D3 — 4000-6000 МО   

Добова доза вітаміну 

D

3

- 4000-2000 MО

Цільова концентрація в сироватці крові 25 (ОН)D — 50–60 нг/мл 

Визначення BД-статусу за концентрацією 25(OH)D 

у сироватці крові при ЮІА
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