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Abstract. Kozhakhmetov S, Aitenov Y, Ramazanova B, Koloskova Y, Burkutbayeva T, Yeraliyeva L, Mustafina K, Beglarova G, Yergazina
M, Kushugulova A. 2021. Influence of pneumococcal conjugate vaccine 13 on upper respiratory tract microbial biodiversity in infants.
Biodiversitas 22: 5055-5060. Pneumococcal disease and its associated mortality are burdens on the healthcare system. The intensive
introduction of pneumococcal vaccines has provided robust control and infection management worldwide. The Pneumococcal Conjugate
Vaccine (PCV) has been successfully employed in the national programs of many countries. However, no studies have yet analyzed the
effect of pneumococcal vaccines on Central Asian populations. We investigated the effect of the pneumococcal vaccine on the
nasopharyngeal microbiome of infants under the age of two years. Samples were collected from healthy patients as part of routine
hospital check-ups, then subjected to high-throughput sequencing of the V1-V3 region of 16S rRNA for bioinformatics analysis. The
obtained data were combined with the results of a previously published study (with matching criteria) to increase statistical power. No
significant differences were found in vaccination status, sex or age. Nevertheless, the results demonstrated structural changes in the
microbiome of the upper respiratory tract under the influence of the PCV13 vaccine. The results of beta-diversity unweighted UniFrac
distance measuring showed that the experimental groups differed in their qualitative (taxonomic) structure (p < 0.1). In the vaccinated

group, the abundance of several symbiotic taxa was significantly decreased, including Streptococcus pneumonia.

Keywords: Colonization, microbiome, Streptococcus pneumonia, upper respiratory tract, vaccination

INTRODUCTION

Streptococcus  pneumonia (pneumococcus) is  a
pathogen generally found in the upper respiratory tract of a
human. Pneumococcus usually colonizes the mucous
membranes of the upper respiratory tract in early infancy,
and it has been considered an asymptomatic commensal
(carrier) in the nasopharynx (Tuomanen et al. 2004).
Pneumococcal infection is generally caused by close
contact with an infected person. According to an official
report of the World Health Organization (WHO 2019), 1.6
billion human deaths are caused by pneumococcal diseases
annually, including 0.7-1 billion children under the age of
five years. These diseases are reported primarily in
developing countries (Brouwer et al. 2010). For example,
according to official statistics, in Kazakhstan, the incidence
of pneumonia was 20.8 and 21.4 cases per 1,000 children
in 2017 and 2018, respectively, with a mortality rate of
0.2% (Kaydar et al. 2018; Seidullayeva et al. 2020). The
frequency of diseases caused by pneumococcus is high
among children aged between 1-23 months. In Pneumococcal

Meningitis (PM), mortality is several times higher than
meningitis caused by meningococcal or hemophilic bacilli.
The use of the Pneumococcal Conjugate Vaccine (PCV)
in the national immunization schedule has led to a
significant decrease in the incidences of PM in countries
with an active immunization program (Southern et al.
2018). Moore et al. (2015) reported a 64% decrease in the
incidence of PCV13-vaccinated children below the age of
five years. Vaccination with PCV13 (Prevenar; few stages)
began in 2012 in Kazakhstan (Government of the Republic
of Kazakhstan 2009; Kuttykozhanova et al. 2014). The
yearly percentage of vaccination coverage was: 2012:
PCV1-51, PCV2-47, PCV3-39; 2015: PCV1-93, PCV2-85,
PCV3-74; and 2018: PCV1-96, PCV/2-94, PCV/3-95.
Microflora has been thought to be directly involved in
resisting colonization by incoming pathogens, the
formation of the immune system, and the response of the
macro-organism to infection (Ichinohe et al. 2011). The
microflora of children under 24 months is still in the
formative stage. Any interventions, including vaccination,
can destabilize microflora homeostasis (Biesbroek et al.
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2014a, b). To date, few reports have described the effect of
vaccines on the microflora of the upper respiratory tract.
However, understanding whether changes occur in the
structure of the microbiome is necessary since this may
lead to susceptibility to respiratory diseases.

Therefore, this study aimed to scrutinize the effect of
PCV13 on the composition and diversity of the structure of
the bacterial community of the upper respiratory tract in
children under two years.

MATERIALS AND METHODS

Patients and study design

The participants for the present study were selected and
recruited in the city polyclinics of Almaty city (No. 12 and
31) and Karaganda city (No. 1, 2, 3, 4 and 5) for more than
two years (2014-2016) as part of a project on monitoring
Streptococcus pneumoniae strains in Kazakhstan and the
effectiveness of anti-pneumaococcal vaccination (Ramazanova
et al. 2017b). The inclusion criteria were age and the
absence of respiratory diseases at the time of check-up. In
total, 39 children were recruited in Kazakhstan. The patient
groups consisted of eight vaccinated and 31 unvaccinated
patients aged between six and 24 months. To increase the
statistical power by balancing the unequal sample size of
the compared groups, an additional 50 patient samples
matching the study criteria were retrieved from the
PRINA423191 study on PubMed (Kelly et al. 2017). The
mean age of the vaccinated group was 9.34 months, and the
mean age of the unvaccinated group was 9.92 months.

Sample collection

Nasopharyngeal (NP) samples were collected using the
ESwab™ Liquid Amies Collection and Transport System
(Copan Diagnostics Inc., Murrieta, CA, USA; 482C). All
the collected samples were kept in a freezer at -80 °C. For
DNA extraction and subsequent analysis, samples were
transported to the Centre for Life Sciences (Nazarbayev
University, Nur-Sultan city) in compliance with the
requirements for cold-chain delivery.

Ethical approval

The study was approved by the National Medical
University Local Ethics Committee (Minutes No. 7 of June
30, 2014) and the Medical Ethics Committee (Minutes No.
19 of January 18, 2016) of the National Laboratory Astana
at Nazarbayev University. Furthermore, a written informed
consent signed by the parents of selected and recruited
children to participate in the study was obtained for each
participant. The study was conducted and monitored
according to good clinical practice.

DNA sequencing and post-processing

DNA was isolated from swabs using the QlAamp DNA
Mini Kit (Qiagen, 51306). The concentration of double-
stranded DNA in isolated samples was determined using a
Qubit 2.0 instrument and a Qubit dsSDNA BR Assay kit
(ThermoFisher, catalog number 32853). Following the
manufacturer, the Library for Next-generation Sequencing
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was generated using a NEXTflex® 16S V1-V3 Amplicon-
Seq Kit (PerkinElmer, catalog number NOVA-4202-04) ’s
recommendations. The library quality was quantified by
Qubit dsDNA HS Assay Kit with the Qubit 2.0 fluorometer
system (Invitrogen, Life Technologies, Grand Island, NY,
USA). Amplicons were sequenced on the MiSeq
instrument (lllumina). The analysis was performed in R
software (v.3.4.4; Anon 2018). The raw sequencing data
were filtered by quality, cleaned and trimmed using the
Divisive Amplicon Denoising Algorithm 2 package
(DADAZ2, v.1.8.0; Callahan et al. 2016). DADA2 output
consists of the exact immediate amplicon sequences (ASV)
that replace the traditional OTUs produced by more
‘traditional’ pipelines, such as MOTHUR. Using DADA2
does not require rarefication of reads. Sequences were
demultiplexed, primers were cut off, and high-quality
filtering was performed on all sequences with a Phred
index of less than 2 (Q < 2) and a length of 150 bp for
samples from Kazakhstan and 210 bp for samples from
Kelly et al. (2017). After denoising and removing
chimeras, the ASV table was constructed from all
sequences using the collapseNoMismatch function in
phyloseq (v1.28.0) to combine identical sequences up to
shifts or length variation (McMurdie and Holmes 2013).
After bimera removal, the taxonomic classification of the
resulting sequence table was performed with the Ribosomal
Database Project Naive Bayesian Classifier, using an 80%
threshold filter as advised in the original publication (Wang
et al. 2007). Only the ASV that represented >0.005% of the
total filtered were retained, as Bokulich et al. (2013)
suggested. For analysis at the genus taxonomic level, ASVs
were collapsed into phylum and genus ranks using
the tax_glom function in phyloseq.

Statistical analysis

For alpha-diversity analysis of the abundance of the
bacterial community, the Chaol and Ace indexes were
used, and biodiversity measurement by employing the
Shannon index. The non-parametric Mann—Whitney and
Kruskal-Wallis tests compared two or more Shannon
indexes. The Shapiro-Wilk normality test was used to
analysis the distribution within samples. The determination
of the influence of individual parameters such as sex, age
and vaccination status on the relative biodiversity and
abundance of taxa was calculated using the ANOSIM and
PERMANOVA statistical tests on Bray-Curtis, UniFrac,
and weighted and unweighted distances using the vegan
package (v.2.5.3; Oksanen et al. 2012). The random
dispersion affecting beta-diversity statistics was tested
using beta-disper. All graphs were generated using ggplot2
(v.3.0.0; Wickham 2009).

RESULTS AND DISCUSSION

Nasopharyngeal microbial communities

A total of 89 NP specimens were used for microbial DNA
sequencing analysis. The epidemiological characteristics of
the study groups are shown in Table 1. After pre-processing
pipeline preparation, the remaining amplicon sequences were
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assigned to 1,255 taxa across seven taxonomic ranks.
Taxonomic classification revealed high inter-individual
variability in the relative number of microbes at the genus
level. The relative abundance of phyla and genera in the upper
respiratory microbiota in vaccinated and unvaccinated
children is presented in Figure 1.

The most abundant groups of microorganisms at the
phylum and genus levels among all samples studied in the
present study were determined. Among all bacterial
microorganisms types, the highest occurrence was found for
Firmicutes (46.43%) followed by Proteobacteria (18.86%),
Actinobacteria  (16.09%) and Bacteroidetes (0.31%),
accounting for more than 80% of all identified phyla (Figure
1, top panel). The 10 most represented genera of all identified
taxa were the species of Staphylococcus, Streptococcus,
Dolosigranulum, Lactobacillus, Haemophilus, Moraxella,
Corynebacterium,  Neisseria,  Propionibacterium  and
Stenotrophormonas. All these bacteria represent the normal
commensal flora of the healthy upper respiratory tract (Figure
1, lower panel). Mika et al. (2017) observed similar results on
bacterial communities, where the most represented taxa were

Table 1. Epidemiological characteristics of study groups
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Moraxellaceae, Streptococcaceae, Staphylococcaceae,
Corynebacteriaceae and Pasteurellaceae. Similarly, Verhagen
et al. (2021) also identified Moraxella sp., Corynebacterium
propinquum, Dolosigranulum sp. and Streptococcus sp. as
major bacterial taxa.

Several contradicting opinions exist on the effect of
vaccines on the NP microbiome. Mika et al. (2017) showed
that vaccination against PCV-13 changed the taxonomic
profile of the NP microbiome. According to them, the
bacterial community, after wvaccination, retained high
biodiversity and low variability. Biesbroeck et al. (2014)
found an increase in the absolute number of anaerobic bacteria
such as Veillonella, Prevotella, Fusobacterium and
Leptotrichia. In another study, Chaban et al. (2013) showed
that the phylogenetic composition of the commensal
microbiota consisted of Firmicutes (42.5%), Proteobacteria
(27.7%), Actinobacteria (21.7%), Bacteroides (5.5%), fungi
(0.1%), human (0.2%) and other bacterial taxa (2.3%). Our
results indicate that the NP profile characteristics differed from
previously published data at the phylum level.

Variable Kazakhstan Botswana PCV13-vaccinated Unvaccinated
Patients (n) 39 50 33 56
Age, months (mean) 12.12 7.82 9.34 9.92
Age, months (Md) 21.37 11.20 5.10 14.20
Age, months (IQR) 12.43 6.25 8.20 6.56
Sex, male 0.54 0.38 0.39 0.48
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Figure 1. The most abundant taxa present in microbiome samples: top 4 phyla (upper panel) and top 10 genera (bottom panel). Taxa

representing a minority (<1%) are grouped in ‘Other’
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Effect of vaccination on community composition and
structure

The initial alpha- and beta-diversity analyses detected
differences between vaccinated and unvaccinated patients
(Shannon p < 0.01,

Figure 3; PERMANOVA and ANOSIM tests on Bray—
Curtis, and weighted and unweighted UniFrac distances,
data not shown).

Most of these differences disappeared when the samples
taken from Kelly et al. (2017) were added for unified
analysis. Nonetheless, the analysis of beta-diversity
between groups using principal component analysis
(PCoA) showed differences in the microbial structure of
vaccinated and unvaccinated children, confirmed by
unweighted UniFrac distance analysis (PERMANOVA p <
0.1*, Figure 2).

Effect of the country of origin on community
composition and structure

The impact of country origin (parameter) on microflora
composition and structure was scrutinized using the alpha-
diversity Shannon test (p < 0.001, Figure 4).

Beta-diversity analysis (UniFrac distances plotted on
PCoA) also showed a statistical difference between
samples on the country-of-origin parameter, both for
unweighted (qualitative) and weighted (quantitative)
measuring. However, the betadisper test showed a
significant value, indicating that the difference could be
partially attributed to the variation in dispersion (Figure 5).

Effect of vaccination on NP microbial profiles

We compared the mean relative abundances of the 10
most abundant genera in vaccinated and unvaccinated
patients (Table 2). Six (Staphylococcus, Streptococcus,
Moraxella, Dolosigranulum,  Corynebacterium and

Chaot Shannon Simpsen

Mpha Diversity Measure

+

Figure 3. Alpha-diversity among Kazakhstani samples represented by
Shannon, Chaol and Simpson indices was significant for vaccination
status (p < 0.01) but not for other parameters (data not shown)

Vaccinated
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Haemophilus) out of 10 genera in each category were the
same, differing only in their mean relative abundance.
However, a significant reduction in the relative abundance
of Streptococcus was observed (-33%). In addition,
children with respiratory infections were less stable
microbial profiles associated with Streptococcus and
Haemophilus (Biesbroek et al. 2014a, b). In addition, the
predominance  of  Moraxella, Streptococcus and
Haemophilus were found associated with a range of
disorders such as asthma and respiratory syncytial virus
(Lang et al. 2018).

unWeighted UniFrac

0.2

Vaccinated

=
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+

Axis 2 [6.8%)
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Figure 2. The beta-diversity between nasopharyngeal microbiota
samples from vaccinated and unvaccinated groups was significant
(PERMANOVA p < 0.1*, betadisper not significant). Ordination
of the microbiome data used principal component analysis
(PCoA) on weighted and unweighted UniFrac distances. Ellipses
represent 95% confidence intervals

Chaof Shannon Simpson

Country
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BT Kazakhstan

Alpha Diversity Measurs
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Figure 4. Alpha-diversity of NP microbiota samples from
Kazakhstan. A significant difference was found using the
Shannon index (p < 0.001)
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Figure 5. Beta-diversity between NP microbiota samples from different countries (PERMANOVA p<0.001, betadisper p<0.05).
Ordination of the microbiome data using principal component analysis (PCoA) on weighted and unweighted UniFrac distances. Ellipses

represent 0.95 ClI

Table 2. Comparison of the relative abundance of taxa identified
in unvaccinated (-) and vaccinated (+) samples. Six of the 10 most
abundant genera were common between the two groups. A
significant  decrease in  Streptococcus, Moraxella and
Staphylococcus was observed in vaccinated patients

Change from

Genus - (%) + (%) Trend unvaccinated
(%)
Dolosigranulum 28.18 35.46 Up 25.83
Staphylococcus 27.50 26.23  Down -4.63
Moraxella 19.95 14.07  Down -29.44
Streptococcus 16.57 10.97 Down -33.80
Corynebacterium 3.01 4.02 Up 33.73
Lactobacillus Negligible  3.44 Up
Stenotrophomonas Negligible — 2.02 Up
Haemophilus 2.76 1.73 Down -37.09
Propionibacterium Negligible  1.38 Up
Acinetobacter 1.05  Negligible Down
Both of the aforementioned cases involved

unvaccinated groups of children. Taken together with an
increased mean relative abundance of Dolosigranulum and
Corynebacterium (associated with breastfeeding; Biesbroek
et al. 2014a,b), they may contribute to better resistance
against pathogens. On the other hand, Moraxella,
associated with a lower risk of respiratory infection
(Biesbroek et al. 2014a,b), showed a reduced mean relative
abundance in the vaccinated group (Table 2). This may
indicate that further research is required to determine the
specificity and efficiency of vaccines.

This is the first report on the NP microbiome in
vaccinated and unvaccinated children in Central Asia to the
best of our knowledge. The microbiome constituents at the
genus taxonomic level were mainly consistent with the
results of previous studies. However, the comparison
between vaccinated and unvaccinated children revealed a
significant change in the microbiome structure. Our results
showed a dramatic reduction in the relative abundance of
the genera Moraxella, Staphylococcus, Haemophilus and

Streptococcus resulting from the use of the vaccine. We
also detected an increase in Corynebacterium and
Dolosigranulum.

Infectious diseases of the upper respiratory tract
severely impact health, especially in childhood, when the
microbiome of this ecological niche is established. Our
work has uncovered structural changes related to the
reduction in the number of Streptococcus pneumonia and
other commensal pathogens. Further studies on the
development and variability of bacterial communities
colonizing the upper respiratory tract may help scrutinize
this primary barrier's role in upper respiratory disease.
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