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Few epidemiological data are available after the introduction of the 13-valent pneumococcal vaccine (PCV13) in
2010. We performed repeat nasopharyngeal swabs and evaluated the serotype distribution of Streptococcus
pneumoniae (SP) and its association with PCV13 vaccine status in healthy Italian children aged 3-59 months. SP
serotypes were assessed by the Quellung reaction. 618 children appropriately (28%) or incompletely (72%) vaccinated
for age with PCV13 were available at baseline (T0). 515 were re-evaluated at 6 months from baseline (T6) and 436 at 12
months from baseline (T12). The percentage of appropriately vaccinated subjects at TO, T6 and T12 was 28%, 67% and
92%, respectively. Random effects logistic regression models with robust 95% confidence intervals was used to
estimate the time-related changes in SP and PCV13 carriage and marginal probabilities were obtained from such
models. The age-corrected probability of SP carriage was 0.31 (95% Cl 0.22 - 0.41) at TO, 0.32 (0.24 - 0.40) at T6 and 0.28
(0.20 - 0.35) at T12. The probability of PCV13 serotypes carriage was 0.025 (0.001 - 0.050) at TO, 0.018 (0.001 - 0.039) at
T6 and 0.010 (0.001 - 0.023) at T12. A decrease in PCV13 serotypes and a shift in non-PCV13 serotypes colonization was
observed. In particular, the 15A serotype accounted for 4%, 8% and 23% of SP isolates at TO, T6 and T12, respectively. In
conclusion, the benefits of the PCV13 vaccination on SP carriage increase with increasing coverage rates. The shift of SP

isolates toward non-PCV13 serotypes needs to be studied further.

Introduction

Streptococcus pneumonaie (SP) colonizes the nasopharyngeal
niche as a part of the commensal flora of the upper respiratory
tract. Nasopharyngeal carriage leads the SP spreading within the
community and, in some cases, is followed by disease." Nasopha-
ryngeal isolates may represent an indicator of invasive disease and
potential vaccine coverage. However, certain serotypes and geno-
types seem to cause higher rates of invasive disease when cor-
rected for prevalence of nasopharyngeal colonization." Therefore,
continuous surveillance of invasive pneumococcal diseases
(IPDs) and colonization isolates is warranted following the large-
scale introduction of pneumococcal vaccination.

The introduction of pneumococcal conjugate vaccines has
opened a new era in the prevention of pneumococcal diseases.
The pneumococcal 7-valent conjugate vaccine (PCV7), intro-
duced over a decade ago, was highly effective in reducing the

incidence of vaccine-type (VT) invasive pneumococcal diseases
(IPDs) and nasopharyngeal carriage in countries where it has
been included in national immunization programs.*”

PCV7 has a remarkable herd effect as its impact is seen not
only in vaccinated children but also in unvaccinated persons of
all ages.® The introduction of PCV7 caused a shift toward IPDs
associated with non-PCV7 serotypes” and several studies have
shown an increase of the prevalence of nasopharyngeal carriage
due to non-PCV7 serotypes.*” On the basis of such epidemio-
logical findings, a new 13-valent pneumococcal conjugate vaccine
(PCV13), including the PCV7 serotypes and 6 additional sero-
types (1, 3, 5, 6A, 7F, and 19A), was developed. While concerns
are rising about the selective pressure of PCV13, the first epide-
miological data on IPD in the PCV13 era are reassuring. A
reduction in IPDs, and especially IPDs attributable to PCV13
serotypes, was observed after the introduction of PCV13 in
infant immunization schedules in the USA,'®!' Canada,'?
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UK,"® France,'® Spain,"” Greece'® and Germany.'” The intro-
duction of PCV13 was associated with a decreased incidence of
acute otitis media, community-acquired pneumonia, pneumo-
coccal pneumonia and pleural effusions, especially when PCV13
serotypes were involved.'®'? Carriage studies have likewise
shown that the introduction of PCV13 was associated with a
reduction in the carriage of PCV13 serotypes, especially in chil-
dren < 5 y***” In the Pneumococcal carriage Milan Study
(PNEUmi study) we have recently shown a decrease in nasopha-
ryngeal colonization of PCV13 serotypes and also a shift toward
non-PCV13 serotypes in healthy children aged 3—59 months fol-
lowing the introduction of PCV13 in routine practice.”® In the
present paper, we report the follow-up of such children, sampled
at 6 and 12 months after the enrollment. Our aim is to describe
the change in the serotype distribution of SP nasopharyngeal

strains and its association with PCV'13 vaccination status.

Results and Discussion
Study population

Six hundred and 18 children appropriately (z = 171, 28%) or
incompletely (n = 447, 72%) vaccinated for age with PCV13

Table 1. Main characteristics of the study children

were included at baseline (T0).?® Five hundred and 15 (83%)
children were re-evaluated at 6 months from baseline (T6) and
436 (70%) at 12 months from baseline (T'12). The reasons for
loss to follow-up at T6 and T12 were: refusal of consent (36%),
unavailable at repeat phone calls (28%), change of residence
(18%), unavailability to schedule an appointment (15%), and
acute disease (3%). Table 1 reports the main characteristics of
the children at TO, T6 and T12 visits. The number of children
appropriately vaccinated for age increased from 28% at T0, to
67% at T6, and to 92% at T'12.

Frequency of SP nasopharyngeal carriage

As compared to the baseline visit, the age-unadjusted odds
ratio (OR) for SP carriage was 1.23 (95% CI 0.91 to 1.66, p =
0.18) at T6 and 1.30 (0.96 to 1.78, p = 0.09) at T12 (random
effects logistic regression). The corresponding marginal probabil-
ities of SP carriage were 0.25 (95%CI 0.19 to 0.32) at T0, 0.31
(0.24 t0 0.39) at T6 and 0.33 (0.25 to 0.42) at T12. Baseline age
was directly associated with SP carriage (OR = 1.48, 95%CI
1.12 to 1.97, p = 0.007 for every 12-month increase) (random
effects logistic regression). The age-adjusted ORs for SP carriage
at T6 and T12 were 1.00 (0.73 to 1.39, p = 0.96) and 0.88

TO T6 T12
N (%) N (%) N (%)

Age (months)

3-12 442 (71.5) 371(72.0) 317 (72.7)

13-24 153 (24.8) 123(23.9) 101 (23.2)

25-59 23(3.7) 21 (4.1) 18 (4.1)

Total 618 (100.0) 515(100.09 436 (100.0)
Gender

Female 278 (45.0) 239(46.4) 207(47.5)

Male 340 (55.0) 276 (53.6) 229 (52.5)

Total 618 (100) 515 (100.0) 436 (100.0)
Ethnic group

Non-Caucasian 105 (17.0) 81(15.7) 56(12.8)

Caucasian 513 (83.0) 434 (84.3) 380(87.2)

Total 618 (100.0) 515 (100.0) 436 (100.0)
Upper and lower respiratory

infection in the previous 90 days

No 373 (60.4) 144 (28.0) 177 (40.6)

Yes 245 (39.6) 371 (72.0) 259 (59.4)

Total 618 (100.0) 515 (100.0) 436 (100.0)
Antibiotics in the previous 90 days

No 510 (82.5) 321 (62.3) 346 (79.4)

Yes 108 (17.5) 194 (37.7) 90 (20.6)

Total 618 (100.0) 515 (100.0) 436 (100.0)
Antibiotics in the previous 7 days

No 585 (94.7) 474 (92.0) 409 (93.8)

Yes 33(5.3) 41 (8.0) 27 (6.2)

Total 618 (100.0) 515 (100.0) 436 (100.0)
PCV13 uptake by age

PCV13-incompletely vaccinated for age 447 (72.3) 169 (32.8) 35(8.0)

PCV13-appropriately vaccinated for age 171 (27.7) 346 (67.2) 401 (92.0)

Total 618 (100.0) 515 (100.0) 436 (100.0)
SP carriage

No 467 (75.6) 373 (72.4) 312(71.6)

Yes 151 (24.4) 142 (27.6) 124 (28.4)

Total 618 (100.0) 515 (100.0) 436 (100.0)
812 Human Vaccines & Immunotherapeutics Volume 11 Issue 4



(0.58 to 1.33, p = 0.54), respectively. The corresponding age-
corrected probabilities of SP carriage were 0.31 (95%CI 0.22 to
0.41) at TO, 0.32 (0.24 to 0.40) at T6 and 0.28 (0.20 to 0.35) at
T12. It should be noted that these estimates were obtained at ran-
dom effects logistic regression and differ from the crude estimates
reported in Table 1 which do not take into account repeated
measures and missing data.

Distribution of SP serotypes.

Table 2 and Figure 1 report the frequency of isolation of SP
serotypes at T0 and follow-up visits. Two nasopharyngeal isolates
identified as SP died during the passage on plate and therefore
the serotype remain unknown. The most frequently isolated SP
serotypes were 23A (8.6%), 6C (7.9%) and 35F (6.6%) at TO;
11A (12%), 15B (10.6%), 23A (8.5%) at T6; and 15A (23.4%),
11A (11.3%) and 10A (8.1%) at T12. Serotype 19A accounted
for 4.0%, 0.0% and 1.6% of isolates at TO, T6 and T12. Sero-
type 19F accounted for 5.3%, 1.1% and 0.0% of isolates at TO,
T6 and T12. Among the non-PCV13 serotypes, 15A increased
during the study, accounting for 4.0%, 8.5% and 23.4% of them
at TO, T6 and T12.

Frequency of PCV13 nasopharyngeal carriage.

As compared to TO, the odds ratio (OR) for PCV13 carriage
was 0.71 (95%CI 0.34 to 1.50, p = 0.37) at T6 and 0.41 (0.17
to 1.05, p = 0.05) at T12 (random effects logistic regression).
The corresponding marginal probabilities of PCV13 carriage
were 0.025 (0.001 to 0.050) at TO, 0.018 (0.001 to 0.039) at T6
and 0.010 (0.001 to 0.023) at T12. Although these estimates are
imprecise because of the low number of positive outcomes (7 =
18 at TO, » = 13 at T6 and n = 6 at T12), they go in the
expected decreasing direction. It should be noted that these esti-
mates were obtained at random effects logistic regression and dif-
fer from the crude estimates reported in Table 1, which do not
take into account repeated measures and missing data.

The PNEUmi study showed a lower prevalence of nasopha-
ryngeal PCV13 carriage in appropriately vaccinated for age
healthy children aged < 5 y*” In the present one-year follow-up
of the PNEUmi cohort, being appropriately vaccinated for age
with PCV13 was associated with a reduced probability of naso-
pharyngeal SP colonization, especially with PCV13 serotypes.

The impact of the PCV13 vaccine on SP nasopharyngeal colo-
nization is presently under debate. Some studies reported a stable
pneumococcal colonization after the introduction of PCV13 and
suggested that PCV13 immunization does not lead to microbial
niches for which other pathogens could compete.”>” On the
contrary, a recent Canadian surveillance study showed a reduc-
tion of colonization with any SP after the introduction of
PCV13.* The effect of PCV13 on the carriage of PCV13 sero-
types is however more clear. The majority of carriage studies con-
ducted in Europe and USA showed that PCV13 vaccination
reduces the carriage of PCV13 serotypes in children < 5 years,
in keeping with the results of the present study.”'>**
Because a decreased SP carriage may be predictive of direct pro-
tection in vaccinated and not vaccinated individuals (herd
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Table 2. Frequency of Streptococcus pneumoniae serotype isolation

Baseline T6 T12 Total
N % N % N % N %
PCV13 serotypes
3 0 0.0 4 2.8 2 1.6 6 1.4
6A 4 2.6 3 2.1 2 1.6 9 22
6B 1 0.7 0 0.0 0 0.0 1 0.2
9V 1 0.7 0 0.0 0 0.0 1 0.2
14 2 1.3 2 14 2 1.6 6 14
19A 6 4.0 0 0.0 2 1.6 8 1.9
19F 8 53 2 14 0 0.0 10 24
23F 2 13 2 14 0 0.0 4 1.0
Non-PCV13 serotypes

6C 12 7.9 8 5.6 9 7.3 29 7.0
7A 2 13 0 0.0 0 0.0 2 0.5
8 0 0.0 0 0.0 1 0.8 1 0.2
9L 1 0.7 0 0.0 0 0.0 1 0.2
10A 7 4.6 4 2.8 10 8.1 21 5.0
11A 8 53 17 12.0 14 1.3 39 9.4
11C 1 0.7 1 0.7 0 0.0 2 0.5
11F 0 0.0 1 0.7 0 0.0 1 0.2
12A 0 0.0 0 0.0 1 0.8 1 0.2
12B 0 0.0 0 0.0 1 0.8 1 0.2
12F 0 0.0 0 0.0 2 1.6 2 0.5
13 0 0.0 2 14 0 0.0 2 0.5
15A 6 4.0 12 8.5 29 234 47 11.3
15B 7 4.6 15 10.6 0 0.0 22 53
15C 2 13 3 2.1 0 0.0 5 1.2
15F 2 13 2 14 0 0.0 4 1.0
16A 3 2.0 6 42 3 24 12 29
16F 1 0.7 1 0.7 1 0.8 3 0.7
17F 0 0.0 1 0.7 1 0.8 2 0.5
21 2 13 5 35 4 32 11 2.6
22F 3 2.0 0 0.0 4 32 7 17
23A 13 8.6 12 85 7 5.6 32 7.7
23B 8 53 8 5.6 3 24 19 4.6
24A 1 0.7 6 4.2 1 0.8 8 19
24F 1 0.7 2 14 4 32 7 17
25 1 0.7 0 0.0 0 0.0 1 0.2
28F 0 0.0 0 0.0 3 24 3 0.7
29 6 4.0 2 14 4 32 12 29
31 2 1.3 0 0.0 1 0.8 3 0.7
33 2 13 1 0.7 2 1.6 5 1.2
34 3 2.0 4 2.8 0 0.0 7 17
35F 10 6.6 4 2.8 9 73 23 55
38 2 1.3 2 14 0 0.0 4 1.0
39 2 13 0 0.0 0 0.0 2 0.5
NT 19 12.6 10 7.0 1 0.8 30 7.2
UNK 0 0.0 0 0.0 1 0.8 1 0.2
Total 151 100.0 142 1000 124 1000 417 100.0

Human Vaccines & Immunotherapeutics

Abbreviations: N: number: UNK: unknown serotypes (nasopharyngeal iso-
lates identified as S. pneumoniae died during the passage on plate).

immunity)-, large scale PCV13 immunization may have impor-
tant implications for the control of IPD.?°

Interestingly during the study we observed a trend for decrease
in 23A and 23B colonization. This could probably due to the
effect on PCV13 on these serotypes, considering that a genetic
relatedness of the Streprococcus pneumoniae capsular biosynthetic
loci has been reported for serotypes 23F (included in PCV13),
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Figure 1. Frequency of Streptococcus pneumoniae carriage during the study. See Table 2 for the corresponding raw numbers. UNK: unknown serotypes
(nasopharyngeal isolates identified as S. pneumoniae, died during the passage on plate).

23A, and 23B. However further study are needed before any
definitive conclusion.”

Our study also highlights the importance of receiving an
adequate number of PCV13 doses to obtain a protective
immune response against SP colonization and vaccine sero-
types. We observed that the benefits of vaccination on SP
carriage are maximal after completion of the PCV13 vaccine
schedule. Recently, a 2-year carriage surveillance study of US
children aged < 60 months showed a reduction of PCV13
colonization in immune children (defined as having received
a recommended number of PCV13 immunizations) as com-
pared to non-immune children.?* In the US study, the differ-
ence in PCV13 serotype colonization between immune and
non-immune children disappeared when the community
uptake of PCV13 reached 75%. In our population, we were
not able to detect this effect even if PCV13 uptake in the
study area remained high during the study (80%, personal
communication from Regional Health Authorities). A possi-
ble reason for this discrepancy may be that the community
uptake was estimated in the US study while we obtained it
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directly from the regional immunization records. Larger pop-
ulation studies are needed to test whether PCV13-induced
protection against PCV13 serotypes is associated with herd
immunity.

On the other hand, we observed a shift in the SP serotype
composition from a mix of PCV13 and non- PCV13 serotypes
in incompletely vaccinated children to almost only non-PCV13
serotypes in children appropriately vaccinated for age. Among
the non-PCV13 serotypes, we found a substantial increase of
15A from 4.0% at baseline to 23.4% at 12 months. Importantly,
the 15A serotype has been associated with SP outbreaks, acute
otitis media and IPD since PCV7 introduction.””**”* In Lom-
bardy, the 15A serotype was associated with 0.5% of IPDs in the
PCV7 era (2007-2010) and with 1.6% of IPDs 3 y after the
introduction of PCV13 (personal communication from Regional
Health Authorities). Further studies are needed to evaluate the
impact of serotype 15A both on carriage and IPDs.

The limitations of PNEUmi study have been discussed in
detail elsewhere.”® Such limitations are the choice of a conve-
nience sample of children, the relatively wide age range, and the
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use of the single-colony method for serotyping.*® The main limi-
tations pertaining to the present longitudinal analysis is the pres-
ence of missing data and the low number of events available
for some analysis. We analyzed these data with random-effect
logistic regression models under the MAR assumption. This
is certainly better than restricting the analysis to the non-
missing data but will increase the variance of the estimates,
especially when few events are available. It should be noted,
however, that the unavailability rate was lower than generally
reported for similar studies, i.e. Seventeen% at T6 and 30%
at T12.

In conclusion, in the PNEUmi cohort study, we observed a
decrease in PCV13 nasopharyngeal colonization. The benefits of
vaccination on carriage are maximized after completing the vac-
cine series. Moreover our data documented a shift in non-
PCV13 serotypes in children appropriately vaccinated for age
with PCV13.

Materials and Methods

Study design.

We performed a longitudinal analysis of the PNEUmi cohort
to assess the serotype distribution of nasopharyngeal SP carriage
isolates in PCV13-vaccinated healthy children aged 3 to 59
months living in the Milan metropolitan area (Milan, Lombardy,
Ttaly). The study design is described in detail elsewhere.*® Briefly,
a convenience sample of children aged 3-59 months was
recruited from 16 primary care pediatricians working for the Ital-
ian National Health System. Reasons for exclusion from the
study were: 1) malformation or trauma of the nasopharynx, 2)
fever, 3) acute respiratory tract infection, 4) immunological dis-
ease, 5) cancer, 6) renal disease, 7) cardiac disease, 8) blood dis-
ease, 9) cystic fibrosis, 10) bronchopulmonary dysplasia, and 10)
Down syndrome. In the presence of siblings, only one child per
family was recruited. The longitudinal study was performed
between September 2011 and December 2012. Nasopharyngeal
swabs were collected at TO (baseline, between September and
December 2011), at T6 (6 months &= 5 d from baseline), and at
T12 (12 months &+ 5 d from baseline, between September and
December 2012). Children with acute respiratory infections or
fever at T6 and T12 had nasopharyngeal swabs taken after disease
resolution. The study protocol was approved by the Ethical
Committee of Luigi Sacco Hospital (Milan, Italy). Written con-
sent to participate was obtained from the parents or the legal
guardians of the children.

Data collection.

Gender and ethnic group were recorded at TO. Time-varying
data collected at each visit were: day-care attendance, number of
siblings, passive smoking, respiratory infections in the preceding
3 months, antimicrobial use in the previous 3 months, antimicro-
bial use in the previous 7 d The vaccination status of the children
during the study was obtained from the local Public Health
authorities. Following the Italian Immunization schedule, the
children were considered appropriately vaccinated for age if they
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had received the recommended (2 + 1), or a catch-up dose at
more than one year of age.28 Children were considered incom-
pletely vaccinated for age if they had not completed their age-spe-
cific schedule.

Nasopharyngeal swabs.

Nasopharyngeal swabs were collected from children by trained
personnel with a nylon flocked flexible sterile Copan Eswab
immersed in liquid Amies Transport Medium, following WHO
recommendations.”® Specimens were sent to the Regional Refer-
ence Laboratory for IPD within 3 hours and processed immedi-
ately or stored at 4-8°C and analyzed within 48 hours.

SP identification and serotyping.

Nasopharyngeal swabs were plated on Columbia horse blood
agar and on Columbia horse blood agar containing colistin and
nalidixic acid. Agar plates were incubated overnight at 35°C in
air with 5% CO,. The a-hemolytic suspected hemolytic pneu-
mococcal colonies were plated on Columbia horse blood agar
with an optochin disk and incubated overnight at 35°C in air
with 5% CO,. On the following day, the pneumococcal colonies
were identified by means Gram staining, optochin sensitivity and
bile solubility testing. SP serogrouping was performed using latex
agglutination (Pneumotest Latex Kit, Statens Serum Institut,
Copenhagen, Denmark). The employed kit contains latex par-
ticles coated with rabbit antibodies reacting with specific pneu-
The identification of
pneumococcal serogroups employs a checkerboard system with
agglutination in 14 pool suspensions. SP serotypes were deter-
mined by the capsular reaction test (Quellung reaction) using

mococcal  capsular  polysaccharide.

specific antisera (Statens Serum Institut, Copenhagen, Den-
mark). A suspension of the organism was prepared in 0.9% saline
solution from well isolated colonies grown on sheep blood agar
plates for 18 to 24 h in 5% CO, at 35°C. One drop of this sus-
pension was mixed with 1 drop of antiserum and, after incuba-
tion at room temperature for 10 min, it was examined at 400X
magnification at optical microscope. Evidence of capsular swell-
ing with specific antisera and positive Quellung reaction were
diagnostic criteria.

Statistical analysis

Categorical variables are reported as counts and percentages.
Random effects logistic regression models with robust 95% con-
fidence intervals were used to estimate the time-related changes
in SP carriage (0 = no; 1 = yes) and PCV13 carriage (0 = no;
1 = yes).373®

Such models included discrete time [0 = baseline visit (T0);
1 = 6 month follow-up (T6); 2 = 12 month follow-up (T12)] as
predictor and the child as random effect. Point estimates and
robust 95% confidence intervals of the frequency of SP carriage
and PCV13 carriage during the study were obtained by calculat-
ing marginal effects at 0, 6 and 12 months.*>*® For the SP car-
riage outcome, we evaluated also a random effects logistic
regression model including baseline age (continuous, months/
12) as predictor together with discrete time. This was done in
order to control for the potentially confounding effect of baseline
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age on the frequency of SP carriage during the study. To test
for non-linear associations of baseline age with SP carriage,
baseline age was evaluated both as linear and quadratic. As
there was no improvement in model fit after the quadratic
transformation, baseline age was kept linear in the final model.
The point estimates and robust 95% confidence intervals of
the frequency of SP carriage were obtained by calculating mar-
ginal effects at 0, 6 and 12 months with baseline age fixed at
its mean.>”** The number of events was too low to fit an age-
corrected model for the PCV13 outcome. Missing data were
handled under the assumption that they were missed at ran-
dom (MAR) as random effects logistic regression is robust to
such assumption.”’

»Statistical analysis was performed using Stata version 13.1
(Stata Corp., College Station, TX, US).
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