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Young children – the main asymptomatic carriers of pneumococcus – are often the source of pneumococ-
cal infections. PCV13 replaced PCV7 in 2010 in Hungary and it became a mandatory vaccine in 2014. In
this work we surveyed the effect of vaccination in three groups: in healthy children under 7 years; in chil-
dren of the same age but infected with pneumococcus (P1); in older patients (P2) who were very likely
not vaccinated.
Nasal swabs were taken from 522 healthy children to screen pneumococcal carriage between March

2015 and May 2016. In the same time period, 146 clinical isolates were collected, mainly from mucosal
infections. Serotypes, antibiotic susceptibility and clonality of the isolates was determined and compared.
The carriage rate was 39.1%. Regarding carriage, the serotype distribution showed the total disappear-

ance of serotypes 3 and 6A compared to former Hungarian studies. The prevalence of PCV13 serotypes
was only 5.8% represented by three serotypes (19F, 19A, 9V). Of note, serotype 19A (a very resistant
and invasive type) also decreased significantly. In the patient groups, PCV13 prevalence was higher:
17.5% (P1) and 32.6% (P2). Although serotype 3 was present in P1 (7.9%), the leading serotype was 23B
(22.2%), a non-vaccine type (NVT). P2 showed the most diverse serotype distribution, but serotype 3
was predominant here (15.7%). Pneumococcal isolates from the patients were more resistant towards
the tested antibiotics compared to those from carriers.
PCV13 seems to be highly successful in reducing the prevalence of vaccine serotypes. The serotype-

rearrangement can be seen also among clinical isolates, albeit somewhat later in time. Fortunately, the
replacing serotypes are less invasive and less resistant, but, most worrisome, serotype 19F can be found
again with increased frequency among carriage isolates and mucosal infections. Further surveillance is
needed to carefully monitor such successful, antibiotic resistant ‘‘refugees”.

� 2018 Elsevier Ltd. All rights reserved.
1. Introduction <5 years, immune-compromised patients and in the elderly [1].
Streptococcus pneumoniae is a causative agent of respiratory
infections and invasive pneumococcal disease mainly in children
Since its natural habitat is the human nasopharynx, asymptomatic
carriers are major reservoirs of infection [2]. Pneumococcal car-
riage contributes to horizontal spread of this pathogen mainly in
crowded places like hospitals and day-care centres (DCCs) [3,4].
Young children have the highest colonization rate, up to 55% of
the children are pneumococcus carriers in the age of 3 years [2].
Therefore, an important goal is to prevent nasopharyngeal colo-
nization with different vaccines.

Pneumococcal polysaccharide vaccine (PPV) has been available
since 1982 containing purified polysaccharides from 23 of the cur-
rently known 94 serotypes. Polysaccharides are not able to induce
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a good immune response in children <2 years due to their imma-
ture immune system. In the case of pneumococcal conjugated vac-
cines (PCVs) the capsular polysaccharide is conjugated to a highly
immunogenic protein which induces a T-cell dependent immune
response also in young children. PCVs have an effect on both pneu-
mococcal disease as well as on carriage, so infection can be con-
trolled at the basic level [5].

In Hungary, PCV7 became available in 2005 and in 2008 vacci-
nation became freely available for children <2 years. In 2009, vac-
cination was officially recommended; it was replaced by PCV13 in
2010, which was then made mandatory in July 2014 in a 2 + 1
scheme [6,7]. From 2009 onwards, the vaccination rate has quickly
raised to >80% and now is close to 100%, according to the latest
available data [8,9].

The aim of this study was to demonstrate vaccine efficacy both
in carriers and in patients in the same time period in Hungary, and
to monitor serotype replacement six years after the implementa-
tion of PCVs. Hungary is a good model for this type of monitoring,
as it is a country with a very strict vaccination policy, unlike some
other European countries which have a significant level of vaccine
sceptics.
2. Materials and methods

2.1. Study population

In this work, 206 pneumococcal carriage isolates from healthy
children and 146 clinical isolates from patients with manifest
infections were analysed, all deriving from the same time period,
March 2015 to May 2016. The carriage isolates derived from
screening 522 children (1–6 years old) from Budapest and from
two towns in Hungary, attending DCCs and nurseries. Parents were
informed about the purpose of the study and their written permis-
sion was a condition for enrolment. Besides, questions were asked
about the children’s vaccination status, siblings, history of recur-
rent otitis media, pneumonia, meningitis and passive smoking.
The number of the ethical permit is TUKEB 4-4/2009, issued by
the Regional and Institutional Committee of Science and Research
Ethics of Semmelweis University, Budapest. The clinical isolates
derived from the Central Laboratory of Semmelweis University,
Budapest.

2.2. Specimen collection

Samples were collected from both nostrils of the carrier chil-
dren with sterile cotton swabs. The samples were transported to
the laboratory on active charcoal containing transport media
(Transwab, Medical Wire & Equipment, Corsham, UK) and immedi-
ately inoculated onto Columbia blood agar plates. Samples were
incubated overnight at 37 �C in 5% CO2 atmosphere. The clinical
specimens were obtained from the Institute of Laboratory Medi-
cine, Semmelweis University, Budapest, as pure cultures of pneu-
mococci on blood agar plates, on the day of isolation and routine
laboratory identification.

2.3. Identification of pneumococci

The colonies showing typical pneumococcal morphology (a-
haemolysis, flat colonies collapsed in the middle or mucoid appear-
ance) were subcultured and further tested for optochin sensitivity
(5 mg discs, Mast Diagnostica, Bootle, UK). PCR detection of the lytA
(autolysin) gene was carried out on all strains [10]. It is worth to
note – since it can lead to false results – that we had one lytA neg-
ative strain which proved to be a pneumococcus (serotype 11A),
and in contrast, there were three suspicious lytA positive isolates,
which belonged to other species [10,11]. The confirmed strains
were stored at �80 �C on cryobeads (Mast Diagnostica) for further
testing.

2.4. Serotyping

Serogroup determination was done with the Pneumotest-Latex
kit (Statens Serum Institut, Copenhagen, Denmark) and the factor
determination was done by PCR using primers described by the
CDC [12] or others [13]. Several difficult strains were serotyped
at the German National Reference Centre for Streptococci (GNRCS),
Aachen, or at the National Public Health Institute, Budapest.

2.5. Genotyping

To get information about the clonality of the strains, pulsed-
field gel electrophoresis (PFGE) was used. Chromosomal DNA was
prepared and then digested by the SmaI enzyme (Sigma, Budapest)
[14]. Separation was performed with the following pulse times: 5–
15 s (block-1) and 15–60 s (block-2) for 20.5 h at 14 �C. PFGE pro-
files were analysed with the BioNumerics software version 2.5
(Applied Maths, Sint-Martens-Latem, Belgium). Multilocus
sequence typing (MLST) was also performed on four isolates,
selected from the PFGE dendrogram. According to the instructions
of the MLST website [15] – with a modification in the recP reverse
primer [16] – internal fragments of seven housekeeping genes
(aroE, gdh, gki, recP, spi, xpt, ddl) were amplified by PCR and the
products were purified by the QIAquick PCR purification kit (Qia-
gen, Germany). The products were sequenced by BIOMI Ltd,
Gödöll}o, Hungary. The allele sequences were compared to the
MLST database and sequence types were determined.

2.6. Antibiotic susceptibility testing

The antibiotic susceptibility of the strains to penicillin, cefo-
taxime, imipenem, erythromycin, clindamycin, levofloxacin, moxi-
floxacin and vancomycin was determined using the agar dilution
method and an A400 multipoint inoculator (AQS Manufacturing
Ltd., Southwater, UK) on Mueller-Hinton blood agar plates. Plates
were incubated at 37 �C in 5% CO2 atmosphere. ATCC 49619 was
used as control strain. The susceptibility and resistance rates were
determined using the breakpoints suggested by the EUCAST guide-
lines [17]. Two of the three HC strains had very low MIC values
(sensitive anyway) and one of them belonged to the intermediate
category by this way (resistant as a meningitis case). Macrolide
resistant strains were checked for the presence of erm and mef
genes [18,19]. Mef(E) and mef(A) were distinguished by restriction
digestion: there is no restriction site for BamHI enzyme in the mef
(E) gene, but it generates two fragments in the case of the mef(A)
[18,20].
3. Results

3.1. Study population data

Among the 522 symptomless children, 204 (39.1%) were carri-
ers, and most of them were 2–3 years old. In the case of two girls,
double carriage was detected (all non-PCV serotypes: 31 + 23B and
15C + 23A) therefore the total number of the isolates was 206. In
some carrier children pneumococci were obtained in nearly pure
culture, while sometimes only a few colonies were found among
the normal flora.

The clinical pneumococci were derived mostly frommucosal ill-
nesses: bronchitis, acute otitis media, pneumonia, sinusitis maxil-
laris acuta, conjunctivitis. The distribution of the 146 specimens
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was as follows: nasal swab n = 81, tracheal/bronchial/BAL/sputum
n = 41, ear n = 9, conjunctiva n = 9, pleura/urine/abscess n = 1 each,
haemoculture n = 3. The age of patients varied between 0 and
89 years, however, the vast majority belonged to the age groups
<4 years (n = 49) and >50 years (n = 56; average 31.9 years). To be
able to make a more direct comparison with the carriers, patients
were divided into two age groups: 63 isolates came from patients
<7 years (P1; 27 males, 36 females) and 83 isolates �7 years (P2;
45 males, 38 females).
3.2. Risk factors

Some important risk factors were investigated based on the
questionnaires filled in by the parents (Table 1). Answers were
missing in the case of 2 carriers and 2 non-carriers, so the data
were based on 202 and 316 answers. The p-value was calculated
by the chi square test. We screened almost an equal number of
boys (n = 256) and girls (n = 262) but there was no significant cor-
relation regarding gender and carriage. Even in the patients-group,
the genders were equalised (72 males, 74 females), although there
was a clear shift from female dominance in P1 towards male dom-
inance in P2. Having siblings or previous infections like otitis
media, pneumonia and meningitis did not affect the carriage
either. However, passive smoking seemed to correlate negatively
with pneumococcal carriage.
Table 1
Correlation between possible risk factors and pneumococcal carriage.

Risk factor Number of carriers (n = 20

Gender male 98 (38.3%)
Gender female 104 (39.7%)

Having siblings 126 (38.8%)
Not having siblings 76 (39.4%)

Otitis media in the past 24 (32.0%)
No otitis media 178 (40.2%)

Pneumonia or meningitis in the past 7 (33.3%)
No pneumonia / meningitis 195 (39.2%)

Antibiotic exposure in the past two weeks 49 (36.0%)
No antibiotics 153 (40.1%)

Passive exposure to smoking 49 (31.6%)
No passive smoking 153 (42.1%)

Table 2
Serotype distribution in the different pneumococcal groups.

Carriers <7y Patients <

n (%)

Number of different serotypes 23 206 (100) 19

Frequent non-PCV13 serotypes 15B 30 (14.6) 23B
11A 22 (10.7) 15B
24F 19 (9.2) 24F
35F 17 (8.3) 11A
15C 15 (7.3) 21
23A 14 (6.8)
10A 11 (5.3)

PCV13 serotypes 19F 10 (5.9) 3
19A 1 (0.5) 19F
9V 1 (0.5) 19A

23F

PCV13 coverage 12 (5.8)

PPV23 coverage 43 (20.9)
3.3. Serotype distribution and PCV13/PPV23 coverage

Vaccination status was only known for the carrier children.
With a very few exception, all of them were born earliest in
2010, when PCV13 has already succeeded PCV7. Their vaccination
rate was high (81.8%) even according the questionnaires, but it
should be noted that some parents were not sure about the vacci-
nation status of their own children and we counted only the defi-
nite ‘‘yes” answers. According to the official reports, the PCV
vaccination rate was in the range of 92.8–98.5% in the study time
frame [21,9]. Accordingly, the PCV13 coverage in the carried group
was as low as 5.8%, whereas it was 17.5% in P1 and 32.5% in P2.
PPV23 coverage showed a similar tendency with 20.9%, 39.7%
and 60.2%, respectively. The prevalence of the different serotypes
in ranking order and vaccine coverage data are shown in Table 2
and Figs. 1 and 2. In a few occasions, clear differences were
observed in serotype prevalence between the different study
groups, these are highlighted in Table 3. Serotype 3 was absent
among carriers, whereas it was the leading type among older
patients. On the other hand, serotype 15B was the most frequent
in carriage and appeared less among the clinical isolates. Serotypes
11A and 19F showed similar prevalence in the three different
groups (Table 3).

If we split P2 into further two age categories: patients between
7 and 49 years and >50 years, the following observations could be
2) Number of non-carriers (n = 316) p-value

158 (61.7%) 0.742 (NS)
158 (60.3%)

199 (61.2%) 0.891 (NS)
117 (60.6%)

51 (68.0%) 0.966 (NS)
265 (59.8%)

14 (66.7%) 0.587 (NS)
302 (60.8%)

87 (64.0%) 0.409 (NS)
229 (59.9%)

106 (68.4%) 0.024 (S)
210 (57.9%)

7y Patients 7-49y Patients >50y

n (%) n (%) n (%)

63 (100) 15 27 (100) 24 56 (100)

14 (22.2) 15A 3 (11.1) 11A 8 (14.3)
6 (9.5) NT 3 (11.1) 15A 4 (7.1)
5 (7.9) 11A 2 (7.4) 31 3 (5.4)
5 (7.9) 9N 2 (7.4) 10A 3 (5.4)
5 (7.9) 23B 3 (5.4)

35B 3 (5.4)
NT 3 (5.4)

5 (7.9) 3 4 (14.8) 3 9 (16.1)
3 (4.8) 19F 4 (14.8) 19F 3 (5.4)
2 (3.2) 19A 1 (3.7) 19A 1 (1.8)
1 (1.6) 1 1 (3.7) 23F 1 (1.8)

6A 1 (1.8)
6B 1 (1.8)
9V 1 (1.8)

11 (17.5) 10 (37.0) 17 (30,4)

25 (39.7) 18 (66.7) 33 (58.9)
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Fig. 1. Combined serotype distribution in the three pneumococcal groups. Red columns ( ), carriers <7 years; indigo columns ( ), patients <7 years (P1); orange columns
( ), patients >7 years (P2); PCV13 serotypes are: 19A, 19F, 3, 9 V, 23F, 1, 6A, 6B. (For interpretation of the references to colour in this figure legend, the reader is referred to
the web version of this article.)

102 E. Kovács et al. / Vaccine 37 (2019) 99–108
made. Serotype 11A appeared to be more frequent in the >50y
group compared to the 7-49y group, meanwhile an opposite obser-
vation can be made for serotype 15A and serotype 19F; serotype 3
showed no significant differences.

3.4. Antibiotic susceptibility

Full susceptibility was observed for imipenem and vancomycin
throughout the study. Carriage isolates were less resistant to
antibiotics compared to the clinical ones, and isolates from
younger patients showed higher susceptibility rates compared to
those from older patients (Table 4). This tendency was observed
for all tested antibiotics. Penicillin resistant isolates were not
found. The level of penicillin intermediate isolates was only
13.1% among carriage isolates, 17.5% among isolates in P1 and
the largest proportion (25.3%) was found among isolates in P2.
Similarly, the percentage of levofloxacin resistance was 0% among
carriage isolates, 4.8% among isolates in P1 and 8.4% among iso-
lates in P2. The major resistance problem could be seen (as always
with pneumococci) regarding the macrolides: erythromycin resis-
tance was 17.0%, 19.0% and 28.9% in the three groups, respectively.

Among the 72 erythromycin resistant isolates, erm(B) was
detected in 38 cases (high MIC values for both erythromycin and
clindamycin; MLSB-phenotype), mef(E) in 29 cases (lower ery-
thromycin MIC values {8–16 mg/L} and clindamycin sensitivity;
M-phenotype), and both genes in three cases (one strain each of
serotype 19A, 19F and non-typeable) in addition to the previous
two groups.

The serotype-specific resistance rates are shown in Supplemen-
tary Table 1. In summary, almost all serotype 3, 10A, 23A, 23B, 24F,
35B and 35F isolates were sensitive to all tested drugs, meanwhile
the major serotypes contributing to macrolide resistance were:
11A (always M type), 19F, 15A, 15C and 19A (MLSB type).

3.5. Clonality

We found isolates with the same PFGE profiles among carried
and clinical isolates, belonging to the same serotypes (e.g. 11A,
19A, 19F; Fig. 3). Serotype 3 showed the lowest level of diversity
(Fig. 4), in contrast with serotype 19A.

The PFGE results of serotype 19F isolates revealed several differ-
ent lineages with similar antibiotic sensitivity patterns each
(Fig. 5). One representative of each of the four large clusters (indi-
cated with bold face and underlining) were chosen for MLST anal-
ysis. Cluster 1 with classic MLSB phenotype but penicillin
susceptibility belonged to ST179. Strains in cluster 2 were ST180,
fully susceptible to all tested antibiotics. Isolate 57103 (see
Fig. 5), which was both phenotypically and genotypically different
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from the others, proved to be a member of the famous ST320 clone,
characterised by elevated penicillin MIC and high resistance to ery-
thromycin and clindamycin. Very interestingly, one of our serotype
19A isolates also belonged to ST320, with the same resistance pat-
tern. Both ST320 isolates expressed erm(B) +mef(E) genes together.
Finally, cluster 4 isolates with elevated penicillin MIC values and M
phenotype belonged to ST651.
4. Discussion

In this study we compared three different groups of isolates.
The first group represents isolates from asymptomatic carriers
with a high PCV-13 vaccination rate (nearly 100%). The isolates
in the second group (P1) derived from patients of the same age
(<7 y), probably with a similarly high-level vaccination. The third
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Table 3
Most significant differences in serotype prevalence among the different study groups.

Serotype Carriers Patients <7y (P1) Patients >7y (P2)

3 0% 7.9% 15.7%
15B 14.6% 9.5% 0.2%
19F 4.9% 4.8% 8.4%
11A 10.7% 7.9% 12.1%
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group (P2) consisted of older patients (>7 y), with low-level vacci-
nation rate.

Surveillance of Streptococcus pneumoniae carriage is suitable to
monitor the immediate effect of PCVs. In our previous studies
[22,23] we have screened children aged 3–6 years, attending DCCs
and observed somewhat lower carriage rates (34.1% in 2009–2010
{screening 634 children} and 32.5% in 2011–2012 {screening 1628
children}). In the current project also younger children (1–7 years)
were included, and as carriage peaks at 2–3 years of age, the car-
riage rate was accordingly higher: 39.1%. Based on these combined
data, we can conclude that PCVs do not have an effect on the over-
all carriage rate itself, but very much on the serotype distribution.
Similar observations were made also by others [24–26]. Pneumo-
coccus carriage rates in small children vary widely in other coun-
tries from 14% in Turkey [27], 22.6% in Brazil [28] to 70.1% in
Iceland [29], and marked serotype replacement by NVTs after
PCV implementation is always detected.
Co-carriage of serotypes was detected in two occasions in this
study: 31 + 23B and 15C + 23A, all serotypes being NVTs. A proba-
ble explanation for the relatively frequent detection of 23A and
23B as co-colonisers is their easy morphological detectability
(thickness of capsule) [30,31]. Hence, multiple carriage can be
underestimated using only culture based methods [32–34].

Usually studies investigating risk factors find that passive
smoking contributes to a higher prevalence of pneumococcal car-
riage and to a higher rate of otitis media in children and invasive
pneumococcal disease in adults [35–38]. Interestingly, here we
found a negative association between exposure to passive smoking
and pneumococcal carriage. Such an inverse association was also
observed among Belgian infants in DCCs [39].

Following serotype rearrangement among carried pneumococci
over time in Hungary, very clear tendencies can be seen. Beside the
continuous decrease of the PCV7 serotypes (many of them – such
as 14 or 18C – having completely disappeared), the most remark-
able event was the rise and fall of serotype 19A. Whereas in the
pre-PCV era (2009–2010) serotype 19A represented only a small
proportion of all strains (1.4%), it quickly became the leading type
(11.5%) in the post-PCV7 era (2011–2012) [16]. Finally, in the cur-
rent study (2015–2016), its prevalence decreased again to 0.5%.
Furthermore, further two PCV13 types (6A and 3) have completely
disappeared from carriage by now, although they had represented
approximately 5–6% of all isolates in the years before 2012. This is
very important, as all three serotypes have a high invasive disease



Table 4
Antibiotic susceptibility of the carried and clinical isolates.

MIC range MIC50 MIC90 S (%) I (%) R (%)

Penicillin Carriers <7y <0.015–1 0.03 0.25 86.9 13.1 0.0
Patients <7y <0.015–2 <0.015 0.25 82.5 17.5 0.0
Patients >7y <0.015–2 <0.015 0.5 74.7 25.3 0.0

Cefotaxime Carriers <7y <0.004–1 0.03 0.125 96.1 3.9 0.0
Patients <7y 0.008–2 0.03 0.25 95.2 4.8 0.0
Patients >7y <0.004–2 0.03 1 86.7 8.4 4.8

Imipenem Carriers <7y <0.004–0.5 0.015 0.06 100.0 0.0 0.0
Patients <7y 0.008–2 0.06 0.5 100.0 0.0 0.0
Patients >7y <0.004–2 0.06 1 100.0 0.0 0.0

Erythromycin Carriers <7y <0.06->256 0.125 32 81.1 1.5 17.5
Patients <7y <0.06->256 0.125 256 81.0 0.0 19.0
Patients >7y <0.06->256 0.125 256 69.9 1.2 28.9

Clindamycin Carriers <7y <0.5->128 <0.5 <0.5 92.2 0.0 7.8
Patients <7y <0.5->128 <0.5 64 85.7 0.0 14.3
Patients >7y <0.5->128 <0.5 128 83.1 0.0 16.9

Levofloxacin Carriers <7y <0.5–2 1 2 100.0 0.0 0.0
Patients <7y <0.5->4 1 2 95.2 0.0 4.8
Patients >7y <0.5->4 1 2 91.6 0.0 8.4

Moxifloxacin Carriers <7y <0.03–0.5 0.25 0.25 100.0 0.0 0.0
Patients <7y 0.125->0.5 0.25 0.5 92.1 0.0 7.9
Patients >7y <0.03->0.5 0.25 >0.5 85.5 0.0 14.5

Vancomycin Carriers <7y <0.125–1 0.5 1 100.0 0.0 0.0
Patients <7y 0.25–1 0.5 1 100.0 0.0 0.0
Patients >7y <0.125–2 0.5 1 100.0 0.0 0.0

Fig. 3. Similar or identical PFGE restriction patterns of clinical and carried isolates
among serotypes 11A, 19A and 19F.
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potential, whereas the majority of the replacing serotypes have a
low invasive potential [40–44]. In addition, the antibiotic resis-
tance of serotype 19A is outstanding among pneumococci. All
Fig. 4. PFGE dendrogram of se
these data mirror the strong and beneficiary effect of PCV13 on
carriage.

Whereas pneumococcal carriage isolates respond fast to the
conjugated vaccines (due to the direct protection), the clinical iso-
lates need more time to show the same changes [45]. This is well
reflected in the different levels of PCV13 coverage in this study:
it was 5.8% among carriers, 17.5% among patients <7y (P1) and
31.8% among patients >7y (P2). If we look at the three PCV13 types
individually, we see that whereas serotype 19A was generally pre-
sent at very low rates (0.5% in carriers, 3.2% in P1 and 2.4% in P2),
serotype 3 was detected with increasing rates among the three
groups (0%, 7.9% and 15.7%, respectively), and finally only one sin-
gle serotype 6A isolate was found, only in P2. Serotype 3, which has
been the leading serotype among invasive pneumococci in Europe
in the post-PCV period, has withdrawn to the second position by
rotype 3 clinical isolates.



Fig. 5. PFGE dendrogram of serotype 19F strains; four different clusters based on MLST analysis.
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2015, according to the latest ECDC report. It is now overtaken by
serotype 8. Serotype 3 is found predominantly in the elderly
[44,46]. We can hopefully declare the beginning of a successful
eradication of this serotype among carriers, and a decrease also
among clinical isolates.

The most frequent replacing NVTs among the carried isolates
were 15B (14.6%), 11A (10.7%) and 24F (9.2%), while serotype
23B dominated in group P1 with 22.2%, followed by 15B (9.5%).
In P2, serotype 3 was still most prevalent (15.7%), and the most fre-
quent NVT was 11A (12.1%).

Surprisingly, serotype 19F still contributes to the remaining rel-
atively high prevalence of the PCV13 types. In Hungary, prevalence
of 19F has had an interesting fluctuation in carriage. In our screen-
ing study [16] conducted in 2009–2010, i.e. in the pre-PCV7 era
(the average PCV7 vaccination of the enrolled children was only
16.4%), 19F was present at 9.6% (n = 21 out of 218 specimens). As
the PCV7 vaccination rate increased (46.0% in average, screening
performed between 2010 and 2012), significantly lower 19F rate
(1.7%, n = 9 out of 530 specimens) was found (p = 5.0 � 10�7).
Now, despite the fact that the PCV13 vaccination rate was close
to 100%, 19F has reached 4.9% again (n = 10 out of 206 specimens;
p = 0.015). A similarly high prevalence was found among the clin-
ical specimens of this study (4.8% in P1 and 8.4% in P2). On the
other hand, based on previous Hungarian data, prevalence of 19F
in invasive isolates gradually decreased from around 8–13% in
the pre-PCV period [45,47], to below 1% by 2016 [48], [unpublished
data]. Apparently, 19F could conserve its position better in non-
invasive specimens. Parallel to our findings, 19F also remained fre-
quent in the paediatric populations in St. Louis and Alaska [49,50].
One possible explanation for this persistence might be that the
highest vaccination failure rate was observed for cases caused by
serotype 19F [51]. Alternatively, a newly emerging and genetically
different clone of 19F might have successfully filled the vacated
niche caused by the disappearance of other vaccine types [52].

Capsular switching resulting in different serotypes belonging to
the same sequence types is a well-known phenomenon. In this
work we identified one 19A and one 19F isolate as members of
the ST320 clone. Both isolates expressed erm(B) and mef(E) genes
which is characteristic for members of Taiwan19F-14, a well-
known international clone [53]. This clone was the ancestor of
ST320 in the pre-PCV era, but after PCV7 implementation a capsu-
lar switch event lead to the current dominance of 19A within
ST320 [54,55].

Serotype 11A is also of importance. It is frequent both among
clinical and carried isolates and it seems to be one of the most suc-
cessful serotypes after PCV vaccination. Even in the pre-PCV era it
had been ranking high: it was the leading type already in 2009–
2010 with 14.7% among carriers and has conserved its position
ever since [16]. In the current study, 11A (10.7%) was the second
most frequent after serotype 15B. It was present with 7.9% and
12.1%, respectively, in P1 and P2 as well. It is often expressing
low-level resistance to macrolides (M type), hence it can poten-
tially lead to treatment failures. Furthermore, 11A has the second
highest serotype-associated mortality according to ECDC data [56].

The carried isolates in this work were generally more (or fully)
susceptible to the tested antibiotics compared to clinical isolates.
This has been observed in all our previous studies as well
[16,23,45]. In addition, higher rates of resistance were measured
among older patients (P2) than among children (P1). For instance,
erythromycin resistance was 28.9% in P2, while only 19.0% in P1.
Similarly, moxifloxacin resistance was 14.5% versus 7.9%.

These figures correlate well with the nationwide clinical data
(non-invasive specimens), reported for the same period by the
National Public Health Institute. On the other hand, whereas we
found no penicillin resistant isolates (not even among the clinical
ones), 1.8–4.3% resistance among non-invasive isolates in 2015-
2016 was reported nationwide [57].
5. Conclusions

In summary, we can state that PCV13 has a strong effect on
most serotypes included in the vaccine, but that these changes
were seen with some delay in clinical isolates. For instance, sero-
types 3 and 6A have completely disappeared from carriage in Hun-
gary by now, but serotype 3 is still the leading type among patients
of older age. On the other hand, of concern, serotype 19F seems to
re-emerge slowly in carriage.
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The continuous and dynamic rearrangement of serotypes due to
vaccine pressure requires not just close monitoring of the changes,
but also shows the necessity of the development of new higher-
valent vaccines. New 15-valent and 20-valent conjugated vaccines
are in the pipeline, with the following additional planned sero-
types: 8, 10A, 11A, 12F, 15B, 22F, 33F [58]. These developments
include serotype 8, which is currently the most prevalent serotype
among invasive infections in Europe; 15B, which is currently lead-
ing in carriage; and finally 11A, which has silently been around for
a long time, regardless of PCVs, in both carriage and infections.
Alternatively, serotype-independent, non-polysaccharide-based
vaccines should also be considered to eliminate as many dangerous
serotypes as possible.
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