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Abstract
Pneumococcal meningitis in children is one of the reasons for the 

development of serious neurological complications. According to various 
authors, in developed countries, the incidence rate ranges from 8 to 34 cases 
per 100,000 population, in Kazakhstan there is no etiological interpretation of 
bacterial meningitis, and therefore there are no official statistics on the incidence. 
To date, in more than 120 countries, the pneumococcal conjugate vaccine has 
been added to the vaccination calendar, which is the most effective method for 
reducing the incidence of bacterial meningitis pneumococcal etiology. This 
article reflects the effectiveness of vaccination and the risk of bacterial meningitis 
in children with pneumococcal meningitis in terms of using the PCV13 vaccine.
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ТҰЖЫРЫМДАМА
Балалардағы пневмококты менингит – бұл ауыр неврологиялық асқынулар дамуының бір себебі болып табылады. Көптеген авторлар-

дың мәліметі бойынша, дамыған елдердерде ауру жиілігі 100 000 тұрғынға 8-ден 34 жағдайға дейінгі аралықта, ал Қазақстанда бактериялық 
менингиттердің этиологиялық құрылымы жоқ, осыған байланысты инвазивті пневмококтің аурулардың аурушаңдылық деңгейі жөнінде ресми 
мәлімет тіркелмеген. Қазіргі уақытта 120 астам мемлекетте, екпелер күнтізбесіне пневмококты этиологиялы бактериялық менингит аурушаң-
дылықты төмендетудің тиімді әдісі болып табылатын пневмококты конъюгирленген вакцина енгізілген. Бұл мақалада ПКВ13 вакцинациясын 
қолдану жоспарында вакцинаның тиімділігі мен пневмококты менингитпен ауырған балалардың бактериальды менингитпен ауыру қауіпі 
сипатталған. 
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РЕЗЮМЕ
Пневмококковые менингиты у детей – это одна из причин развития серьезных неврологических осложнений. По данным различных 

авторов, в развитых странах частота заболеваемости колеблется от 8 до 34 случаев на 100 000 населения, в Казахстане этиологическая 
расшифровка бактериальных менингитов отсутствует, в связи с этим официальных статистических данных об уровне заболеваемости ин-
вазивными пневмококковыми заболеваниями не имеется. На сегодняшний день более чем в 120 странах в календари прививок внесена 
пневмококковая конъюгированная вакцина, которая является наиболее эффективным методом для снижения заболеваемости бактериаль-
ным менингитом пневмококковой этиологии. В данной статье отражена эффективность вакцинации и риск заболеваемости бактериальными 
менингитами у детей с пневмококковым менингитом  в плане  применения вакцины ПКВ13.
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Introduction
According to the WHO estimates, 1.6 million people 

die every year from invasive pneumococcal diseases (IPD), 
of which 0.7-1 million are children under the age of 5 years 
[1,2]. Pneumococcal meningitis (PM) is one of the reasons for 
the development of serious neurological complications [3]. 
The incidence rate of pneumococcal infection among children 
in the Asia-Pacific region for 1999-2010 was 100-200 cases 
per 100,000 children under the age of two years [4], and in 
developed countries, the incidence rate ranges from 8 to 34 cases 
per 100,000 population [5]. In Kazakhstan, there is no etiological 
interpretation of bacterial meningitis (BM); therefore, there are 
no official statistics on the incidence of IPD.

Currently, pneumococcal conjugate vaccine (PCV7, 
PCV10 and PCV13), as recommended by the WHO, has been 
included in the national vaccination calendars for children in 
more than 120 countries [6]. The incidence of adult pneumococcal 
infections has decreased as a result of the population effect 
of PCV, which has become widely used among children [7]. 
In the national calendar of vaccinations of the Republic of 
Kazakhstan, vaccination against hemophilic infection (Hib) and 
pneumococcus (PCV13) is used for children from 2 to 15-18 
months. 

The aim of this study was to evaluate the effectiveness of 
vaccination and the risk of the incidence of BM in children with 
PM in terms of the use of PCV13 (full dose, incomplete dose, 
and those not receiving the vaccine). 

Material and methods
This study was conducted as part of the scientific project 

“Development of early diagnosis and preventive measures 
of hearing impairment after bacterial meningitis in children” 
AR05135091, implemented by grant funding for 2018-2020 on 
the basis of the Department of Pediatric Infectious Diseases, 
Nonprofit Joint Stock Company "Astana Medical University". 

The patients included in the study were recruited in the Intensive 
Care Unit, infectious ward No 1 and 2 of the Multidisciplinary 
city children's hospital No 3 (MCCH No 3) of the akimat of Nur-
Sultan city. All patients underwent a comprehensive clinical, 
laboratory and instrumental study to establish a diagnosis. 
The object of the study was children with a diagnosis of 
pneumococcal meningitis, aged 1 month up to 5 years (n=23). 
We studied the vaccine status of children with PM in terms of the 
use of PCV13 (full dose, incomplete dose and complete absence 
of vaccination). 

Isolation of N. meningitidis and S. pneumoniae cultures 
from BM patients, according to the instructions, in Nur-Sultan 
city for 2015-2018 was carried out in one of three options: in vitro 
on a beveled nutrient agar, in the «Amies» transport medium, or 
as a microbial suspension in sterile 0.9% NaCl. Isolation of pure 
culture was made in the bacteriological laboratory of MCCH 
No 3 in Nur-Sultan. Samples were taken using the eSWAB 
Collection Kit (Copan, Diagnostics, Italy) and delivered within 
4-24 hours to a bacteriological laboratory for research. Patients’ 
age, type of material, and antibiotic intake during the last 3 
days prior to sampling was documented. The microbiome was 
determined by isolating the total bacterial liquor DNA (Zymo 
BIOMICS DNA Microprep Kit, D4301, ZYMO RESEARCH 
CORP). 250µl of the sample was added to Lysis Tubes and 
750µl of ZymoBIOMICS ™ Lysis Solution was added [8]. 

Qualitative and quantitative indicators of the isolated 
DNA were determined using agarose gel electrophoresis and a 
Nanodrop ND2000 instrument (Thermofisher). 

Results and discussion
In Table 1 it is presented that only 17.4% (n=4) of children 

with PM (n=23) received the full dose of the pneumococcal 
vaccine. Two of them showed non-compliance with the interval 
between vaccination courses (Table 1). 

Table 1 Vaccine status in children with PM for 2015-2018

Vaccine name Vaccine status PM (n = 23)
full dose incomplete dose lack of vaccination
according to schedule at large intervals

Anti-pneumococcal vaccine 2 (8,7) 2 (8,7) 12 (52,1) 7 (30,5)

In addition, there were such reasons as an incomplete dose 
- 52.1% (n=12), lack of vaccination - 30.5% (n=7), parental 
refusal to vaccinate - 30.5% (n=7) and medical allotment - 
34.8% (n=8) (Figure 1). 

The reasons for the incompleteness of the course and the 
non-receipt of the anti-pneumococcal vaccine in children with 
PM are: allergic manifestations, frequent acute respiratory 
infections and relocations, which is 57.8%; religious denial of 
vaccination is observed in 42.1% of patients, medical rejection 
of vaccinations in children under 1 year of age (prematurity, 
neurological complications, etc.) - 31.5%, distrust of the vaccine 
(negative information received from the media and social 
networks ) - 26.3%; refusal of vaccinations due to fear of post-
vaccination complications was recorded in 5.2% of patients.

According to a meta-analysis by Kai Duan, Jin Guoand 
Ping Lei, premature babies have a high tolerance to PCV 7, PCV 
10 or PCV 13. Despite the difference in the content of antigen 

Figure 1 - Reasons for refusing vaccination with PCV 13 in 
patients with PM
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and carrier protein in PCV, vaccinations of PCV 7, PCV10 or 
PCV13 can cause optimal immune response after vaccination in 
preterm infants with low and very low birth weight [7,9]. In our 
case, 31.5% of children with PM were born prematurely, which 
initially determined an increased risk of developing the disease, 
although timely vaccination from 2 months of life could serve as 
a factor in reducing the risk of IPD.

To assess the relationship between clinical indicators and 
vaccine status (not receiving the vaccine and not receiving the full 
dose of the vaccine) in children with PM, a Spearman correlation 

analysis was performed. A strong positive relationship was 
noted between the following indicators: between the severity 
(severe course) and the absence of vaccination (r=0.9; p≤0.001), 
between the severity (severe course) and the incomplete dose 
of vaccination (r=0.7; p≤0.05), prolonged temperature and lack 
of vaccination (r=0.9; p≤0.001), neurological complications 
and lack of vaccination (r=0.8; p≤0.001), number of hospital 
days (from 30 to 61 days) and the lack of vaccination (r=0.9; 
p≤0.001), combined antibacterial therapy and the absence of 
vaccination (r=0.8; p≤0.001) (Table 2). 

Table 2 The relationship between the clinical course of PM and vaccine status

Indicators The strength of the connection, and P *
1 clinical course 2 vaccination status ПМ
Severity (severe course) not receiving the vaccine 0,9**

incomplete dose 0,7*
Long temperature not receiving the vaccine 0,9**

incomplete dose 0,6*
Neurological complications not receiving the vaccine 0,8*

incomplete dose 0,5*
The number of bed days (from 30 to 61 days) not receiving the vaccine 0,9**

incomplete dose 0,6*
Combined antibiotic therapy not receiving the vaccine 0,8**

incomplete dose 0,5*
*р≤001;
**р≤0,05

An average positive relationship was found between the 
duration of the temperature and the non-receipt of the full dose 
of vaccination (r=0.6; p≤0.05), neurological complications and 
the receipt of an incomplete dose of the vaccine (r=0.5; p≤0.05), 
the number of patients-days (from 30 to 61 days) and receiving 
an incomplete dose of the vaccine (r=0.6; p≤0.05), combined 
antibacterial therapy and receiving an incomplete dose of the 
vaccine (r=0.5; p≤0.05).

Subsequently, the effect of vaccination on cerebrospinal 
fluid microbiome was determined. A change in the cerebrospinal 
fluid microbiome was revealed in the group receiving vaccination 
and without vaccination (Figure 2).

The cerebrospinal fluid microbiome differs between the 

vaccinated and unvaccinated groups. In the unvaccinated group, 
streptococci are the predominant flora, while in the vaccinated 
group Staphylococcus, Neisseria, Haemophilus (Figure 3). The 
biodiversity of the microbial flora in the unvaccinated group is 
significantly different. 

The Shannon index shows a significant difference in the 
biodiversity of cerebrospinal fluid microbiomes selected from 
patients with bacterial meningitis of an unconfirmed etiology. 
Shows the difference between vaccinated and unvaccinated 
groups. In the vaccinated group, bacteria belonging to the 
genera prevail: Neisseria, Haemophilus, Staphylococcus, while 
in the vaccinated group Streptococcus, Rothia, Granulicatella, 
Gemella, but also Haemophilus, Neisseria.

Figure 2 Figure 3

A clear separation of vaccinated and non-vaccinated 
groups is also shown using the Bray-Curtis and UniFrac methods 
(Figure 4).

According to the distribution of microorganisms that make 
up the cerebrospinal fluid in patients with bacterial meningitis of 
unknown etiology, a clear distinction is made into two clusters.
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Figure 4

Conclusion
According to the national vaccination calendar of the 

Republic of Kazakhstan, it is necessary to vaccinate against 
vaccine-preventable infections that cause bacterial meningitis - 

Hib, S. pneumoniae and N. meningitidis for all children from 2 
months, including premature. 
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