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Background. This study evaluated the effects of the 10-valent pneumococcal nontypeable Haemophilus
influenzae protein D–conjugate vaccine (PHiD-CV) on nasopharyngeal bacterial colonization compared with the
7-valent pneumococcal conjugate vaccine (7vCRM) in young children.

Methods. A randomized controlled trial in the Netherlands, initiated 2 years after 7vCRM introduction, was
conducted between 1 April 2008 and 1 December 2010. Infants (N = 780) received either PHiD-CV or 7vCRM (2:1)
at 2, 3, 4, and 11–13 months of age. Nasopharyngeal samples taken at 5, 11, 14, 18, and 24 months of age were
cultured to detect Haemophilus influenzae, Streptococcus pneumoniae, Moraxella catarrhalis, and Staphylococcus
aureus. Polymerase chain reaction assays quantified H. influenzae and S. pneumoniae and confirmed H. influenzae
as nontypeable (NTHi). Primary outcome measure was vaccine efficacy (VE) against NTHi colonization.

Results. In both groups, NTHi colonization increased with age from 33% in 5-month-olds to 65% in 24-month-
olds. Three months postbooster, VE against colonization was 0.5% (95% confidence interval [CI], −21.8% to 18.4%)
and VE against acquisition 10.9% (95% CI, −31.3% to 38.9%). At each sampling moment, no differences between
groups in either NTHi prevalence or H. influenzae density were detected. Streptococcus pneumoniae (range, 39%–
57%), M. catarrhalis (range, 63%–69%), and S. aureus (range, 9%–30%) colonization patterns were similar
between groups.

Conclusions. PHiD-CV had no differential effect on nasopharyngeal NTHi colonization or H. influenzae
density in healthy Dutch children up to 2 years of age, implying that herd effects for NTHi are not to be expected.
Other bacterial colonization patterns were also similar.
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Pneumococcal conjugate vaccination is highly effective
in preventing serotype-specific invasive pneumococcal

disease such as meningitis, sepsis, and invasive pneu-
monia [1]. In addition, Streptococcus pneumoniae is
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frequently involved in common mucosal bacterial infections
in childhood, such as pneumonia and acute otitis media
(AOM) [1, 2]. Unencapsulated or nontypeable Haemophilus
influenzae (NTHi) is the second most common bacterial respi-
ratory pathogen [2, 3]. This otopathogen is particularly associ-
ated with recurrent otitis and its sequelae, presumably through
biofilm formation [3–5].

The human nasopharynx is the reservoir for both pneumo-
coccus and NTHi, and the source of transmission between
individuals [6]. The great success of protein-polysaccharide
conjugate vaccines, targeting encapsulated bacteria such as
pneumococcus, group C meningococcus, and H. influenzae
type b (Hib), is based not only on inducing protective anti-
bodies in immunized individuals, but also on reducing naso-
pharyngeal colonization and preventing transmission of the
vaccine-targeted bacteria [7–9]. The consequent indirect
(herd) effects following pneumococcal conjugate vaccination
resulted in protection of the unimmunized population, which
had a major impact on the overall effectiveness [10]. Assess-
ment of nasopharyngeal colonization of vaccine-targeted bac-
teria in immunized individuals is therefore important for
understanding the mechanism and to predict effects after
widespread implementation [11].

An experimental protein-polysaccharide conjugate vaccine,
in which each of 11 pneumococcal capsular saccharides was
conjugated to NTHi-derived protein D (PD) as a carrier
protein (11Pn-PD, GlaxoSmithKline Vaccines), was found
to not only protect against vaccine serotype-specific pneu-
mococcal AOM, but also to prevent 35% of NTHi AOM
episodes [12]. The licensed 10-valent pneumococcal non-
typeable H. influenzae protein D–conjugate vaccine (PHiD-
CV; GlaxoSmithKline Vaccines) is based on its 11-valent
predecessor and uses PD as a carrier for 8 of 10 pneumo-
coccal serotypes [13]. Data regarding the effects of these
PD conjugate vaccines on nasopharyngeal bacterial coloniza-
tion are limited [12, 14, 15]. Therefore, irrefutable evidence
that PD conjugate vaccines affect NTHi colonization and
thus prevent NTHi transmission is still lacking. Biological
effects of the carrier protein may differ from those of con-
jugated polysaccharides and may not affect nasopharyngeal
colonization.

Additionally, pneumococcal conjugate vaccination shifts
colonization from vaccine to nonvaccine pneumococcal sero-
types [16] and may affect colonization with nonpneumococcal
species, such as Staphylococcus aureus or NTHi [17, 18]. In a
randomized controlled trial, we compared nasopharyngeal
bacterial colonization in children immunized with PHiD-CV
with children receiving the 7-valent pneumococcal conjugate
vaccine, in which 7 serotypes are covalently bound to the
carrier protein CRM197, a nontoxic diphtheria mutant
(7vCRM; Pfizer, Inc). This trial was initiated approximately 2

years after introduction of 7vCRM in the Dutch national im-
munization program.

METHODS

The study protocol and CONSORT checklist are provided as
Supplementary Data (see Supplementary Text 1 and Text 2,
respectively).

Study Design and Population
We conducted this trial between 1 April 2008 and 1 December
2010. The study area covered the western and central parts of
the Netherlands [19]. Healthy infants born after a gestation
period of at least 36 weeks and aged 6–12 weeks at the time of
the first primary vaccination were eligible. Exclusion criteria
have been detailed previously [19]. Infants were visited at
home for all study procedures. Participants received no finan-
cial compensation. An independent ethics committee (Cen-
trale Commissie Mensgebonden Onderzoek, http://www.
ccmo-online.nl) approved the study protocol. The study was
undertaken in accordance with the European guidelines for
Good Clinical Practice, which incorporate provisions of the
Declaration of Helsinki. Written informed consent was ob-
tained from each infant’s parent(s)/guardian(s) before enroll-
ment. In the Dutch national immunization program, 7vCRM
was introduced for all infants born after 31 March 2006 with
no catch-up campaign. PHiD-CV replaced 7vCRM in the
Dutch national immunization program for all infants born
after 1 March 2011.

Randomization and Masking
Infants were randomly assigned (1:1:1) to receive either (1)
PHiD-CV + diphtheria, tetanus, acellular pertussis [DTPa]–
hepatitis B virus [HBV]–inactivated poliovirus and Hib
vaccine [IPV/Hib], (2) PHiD-CV +DTPa-IPV-Hib (Sanofi
Pasteur MSD), or (3) 7vCRM +DTPa-IPV-Hib at 2, 3, 4, and
11–13 months of age, resulting in a 2:1 ratio for immunization
with either PHiD-CV or 7vCRM. A randomization list used to
number the vaccines was generated using a standard SAS
(Statistical Analysis System) program (version 9.2) with a
block size of 6 (blocking scheme of 2:2:2). Each participant
was assigned to a group via a web-based central randomiza-
tion system that, on receipt of the infant’s birth date and
scheduled date for the first home visit, determined the vaccine
number to be used. Parents and study site staff were aware of
the treatment assignment, but outcome assessors were not.

Procedures
Vaccines were administered intramuscularly in the left and
right anterolateral thigh. The composition of PHiD-CV (Syn-
florix, GlaxoSmithKline Vaccines), 7vCRM (Prevenar/Prevnar,
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Pfizer, Inc), DTPa-HBV-IPV/Hib (Infanrix hexa, Glaxo-
SmithKline Vaccines), and DTPa-IPV-Hib (Pediacel, Sanofi
Pasteur MSD) has been previously described [19].

Nasopharyngeal samples were obtained transnasally using a
flexible, sterile swab with a flocked nylon tip (Eswab 482CE,
Copan, Brescia, Italy) by trained study personnel according to
World Health Organization procedures [20] at 5, 11, 14, 18,
and 24 months of age. With each nasopharyngeal swab, a
questionnaire addressing risk factors for bacterial colonization
was completed. After sampling, swabs were immediately inoc-
ulated in 1 mL of modified liquid Amies transport medium
and transferred at room temperature to the Regional Laborato-
ry of Public Health (Haarlem, the Netherlands). Samples were
plated as soon as possible (<8 hours), but at the latest within
24 hours after sampling. Swabs were used to inoculate the
plates. Identification of H. influenzae, S. pneumoniae, Morax-
ella catarrhalis, and S. aureus was based on colony morpholo-
gy and conventional methods of determination, as previously
described [9, 17, 21]. To differentiate H. influenzae from Hae-
mophilus haemolyticus, a closely related but nonpathogenic
species [22], all H. influenzae isolates underwent polymerase
chain reaction (PCR), targeting the glycosyltransferase (lgtC)
and outer membrane protein P6 (P6) genes.

One S. pneumoniae colony per plate was subcultured and
pneumococcal isolates were serotyped by Quellung reaction.
Likewise, 1 H. influenzae colony per plate was subcultured
and typed by slide agglutination serotyping. After plating, the
remaining medium was stored at −70°C until being trans-
ferred to GlaxoSmithKline Vaccines’ laboratories.

Here, the presence of H. influenzae and S. pneumoniae was
quantified in all available, properly stored original samples
using 2 real-time quantitative PCR (qPCR) assays, targeting
the lgtC gene and autolysin (lytA) gene, respectively. DNA was
extracted using the NucliSENS easyMAG (bioMérieux), and
DNA fragments were amplified using the 7900HT Real-Time
PCR System (Applied Biosystems). Bacterial densities were
expressed as genome equivalent per milliliter (GE/mL).
A serotype-specific PCR for 19A assay was also developed.

Statistical Analysis
This trial was primarily designed to assess immunogenicity [19].
The study was adequately powered to assess effects of PHiD-CV
on NTHi colonization using 7vCRM as a nonactive control.
Given an estimated 55% prevalence for H. influenzae in the
7vCRM group based on previous experience [21], a sample size
of 520 subjects in the PHiD-CV group and 260 subjects in the
7vCRM group would allow demonstration of a positive vaccine
efficacy of 19.8% with 80% power at a 1-sided alpha level of
2.5% (calculated with PASS2005).

Statistical analysis was performed on the total vaccinated
cohort, meaning that all available data from all participants

allocated to a treatment group were analyzed according to the
assigned intervention.

The percentage of subjects with a positive culture for the
considered bacterium (or serotype) was calculated per group
at each sampling moment and across visits, as was the fre-
quency of acquisition of new bacteria (or serotypes). Acquisi-
tion was defined as a subject whose nasopharyngeal swab
became positive for a bacterium (or serotype) after a previous-
ly negative swab for that bacterium (or serotype) [15]. In case
of missing data, the occurrence of bacteria (or serotypes) was
not considered as a “new acquisition.” Vaccine efficacy of
PHiD-CV against bacterial colonization (VEcol) and acquisi-
tion (VEacq) was estimated as [(1 – relative risk) × 100] and
calculated with 95% confidence intervals (CIs) at each time
point and across visits. Statistical significance of vaccine effica-
cy was based on a lower limit of the 95% CI greater than zero.
No adjustment for multiple comparisons was made and con-
clusions on statistical significance should therefore be inter-
preted with caution. The statistical analyses were performed
using SAS version 9.2 and SDD (SAS Drug and Development)
web portal version 3.5.

RESULTS

A total of 780 children were enrolled and allocated to 1 of 3
groups (Figure 1). Recruitment started on 1 April 2008 and
was completed on 30 January 2009. Follow-up ended on 1 De-
cember 2010. Characteristics of the children did not differ
between groups (Table 1). A total of 3863 (99% of planned)
nasopharyngeal swabs were collected.

Nasopharyngeal NTHi Colonization, Acquisition, and Density
Based on conventional culture methods, 65% of cultured
swabs were positive for H. influenzae. After differentiation
from H. haemolyticus, 59% of all samples were confirmed H.
influenzae. Of these, 92% were NTHi, while the remainder
was encapsulated. NTHi colonization increased with age from
approximately 33% at 5 months to 65% at 24 months
(Table 2). Prevalence rates were similar in both groups at each
sampling moment (Table 2), as were the frequencies of acqui-
sition (Supplementary Table 1). At 3 months postbooster,
VEcol was 0.5% (95% CI, −21.8% to 18.4%) and VEacq was
10.9% (95% CI, −31.3% to 38.9%).

The presence of H. influenzae detected by qPCR was 44% in
5-month-olds in both groups and increased with age to 84%
(95% CI, 80%–87%) and 80% (95% CI, 75%–85%) in 24-
month-olds vaccinated with PHiD-CV and 7vCRM, respectively.
Of all culture-positive samples (confirmed as true H. influenzae
by PCR), 96% was found to be also positive by qPCR, while
qPCR detected H. influenzae in 30% of culture-negative samples
(Supplementary Table 2). Haemophilus influenzae density
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Figure 1. Trial profile. *Parents of children interested in participating in the study were “redundant” when they were still in the information process
after target enrollment had already been achieved. Consequently, the informed consent procedure was cancelled. aCoadministered with diphtheria,
tetanus, acellular pertussis, hepatitis B virus, inactivated poliovirus and Hib vaccine (DTPa-HBV-IPV/Hib [GlaxoSmithKline Vaccines]). bCoadministered
with DTPa-IPV-Hib. Abbreviations: 7vCRM, 7-valent pneumococcal conjugate vaccine; NP, nasopharyngeal; PHiD-CV, pneumococcal nontypeable Haemo-
philus influenzae protein D–conjugate vaccine.
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increased with age, reaching a plateau in the second year of life.
Densities were comparable at each sampling moment, irrespec-
tive of the administered vaccine (Figure 2).

Nasopharyngeal Pneumococcal Colonization, Acquisition, and
Density
Based on conventional culture, 50% of all swabs were positive
for S. pneumoniae. Overall pneumococcal colonization rates
ranged in both groups from around 39% at 5 months of age to
57% in the second year of life (Table 3). Prevalence of the 7
serotypes included in both vaccines was comparable between
groups and declined from approximately 8% in 5-month-olds

to 3% in 24-month-olds. Serotypes 1, 5, and 7F were rarely
detected (n = 17 [0.4%] of all samples). Acquisition of pneu-
mococci was within the same range in both groups (Supple-
mentary Table 3). Throughout follow-up, 19A was the
predominant colonizing serotype, ranging similarly in both
groups from 6% to 11% (Table 3), followed by 11A (2%–6%)
and 16F (2%–4%; Supplementary Table 4).

Using qPCR, the detection of pneumococci ranged from
57% (95% CI, 52%–61%) and 52% (95% CI, 46%–58%) at 5
months to 80% (95% CI, 76%–84%) and 77% (95% CI, 66%–
85%) in the second year of life in children immunized with
PHiD-CV and 7vCRM, respectively. Of all culture-positive

Table 1. Characteristics of Participating Children

PHiD-CV PHiD-CV 7vCRM

DTPa-HBV-IPV/Hib DTPa-IPV-Hib DTPa-IPV-Hib

Participants 260 260 260
Male sex 142 (55%) 130 (50%) 124 (48%)

Feeding from birtha

Breastfed (partially) >3 months 125 (49%) 131 (51%) 157 (61%)
Breastfed (partially) >6 months 78 (31%) 78 (30%) 99 (39%)

Presence of siblingsb 147 (57%) 131 (50%) 116 (45%)

Daycare attendancec

At 11–13 monthsd 172 (67%) 171 (66%) 172 (67%)

At 23–25 monthse 189 (74%) 186 (72%) 180 (70%)

Use of oral or intravenous antibiotics during 1 month
before sampling

At 11–13 monthsd 26 (10%) 21 (8%) 25 (10%)

At 23–25 monthse 15 (6%) 11(4%) 18 (7%)
Passive tobacco smoke exposure indoors

At 11–13 monthsd 16 (6%) 17 (7%) 13 (5%)

At 23–25 monthse 16 (6%) 19 (7%) 13 (5%)
Age at time of vaccination, mean (SD)

Dose 1 (weeks) 7.4 (1.2) 7.6 (1.3) 7.6 (1.3)

Dose 2 (weeks) 12.0 (1.4) 12.1 (1.5) 12.1 (1.4)
Dose 3 (weeks) 16.4 (1.6) 16.6 (1.6) 16.6 (1.6)

Booster dose (months) 11.0 (0.2) 11.1 (0.3) 11.0 (0.2)

Age at time of nasopharyngeal sampling, mean (SD)
Postprimary 4.4 (0.5) 4.5 (0.5) 4.5 (0.5)

Prebooster 11.0 (0.1) 11.0 (0.2) 11.0 (0.1)

3 months postbooster 14.1 (0.4) 14.1 (0.4) 14.1 (0.3)
7 months postbooster 18.1 (0.3) 18.1 (0.3) 18.1 (0.3)

12 months postbooster 23.2 (0.4) 23.2 (0.4) 23.1 (0.4)

Data are No. (%) unless otherwise specified.

Abbreviations: 7vCRM, 7-valent pneumococcal conjugate vaccine; DTPa, diphtheria, tetanus, acellular pertussis; HBV, hepatitis B virus; Hib, Haemophilus
influenzae type b; IPV, inactivated poliovirus; PHiD-CV, pneumococcal nontypeable Haemophilus influenzae protein D–conjugate vaccine; SD, standard deviation.
a Information was asked at 11 months of age.
b Data represent presence of siblings (yes/no) at 5 months of age.
c Defined as at least 4 continuous hours per week with at least 1 child <5 years of age from a different family.
d For PHiD-CV +DTPa-HBV-IPV/Hib group, n = 256; PHiD-CV +DTPa-IPV-Hib group, n = 259; 7vCRM+DTPa-IPV-Hib group, n = 257.
e For PHiD-CV +DTPa-HBV-IPV/Hib group, n = 256; PHiD-CV +DTPa-IPV-Hib group, n = 258; 7vCRM+DTPa-IPV-Hib group, n = 258.
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samples, 99% were found to be also positive by qPCR, while
qPCR detected pneumococci in 43% of culture-negative samples
(Supplementary Table 2). Of the tested samples across all visits,
serotype-specific PCR increased the detection of 19A to an
average of 20% and 19% in PHiD-CV and 7vCRM vaccinees,
respectively (Supplementary Table 2). Detection of 19A using
PCR remained constant during follow-up. In both groups alike,
S. pneumoniae density increased with age, reaching a plateau in
the second year of life (Figure 3).

Nasopharyngeal Colonization With Other Bacterial Species
M. catarrhalis colonization rates ranged from 63% to 69%
during follow-up, with no differences between groups (data
not shown). Nasopharyngeal colonization with S. aureus de-
creased with age from approximately 30% at age 5 months to
11% at age 24 months (data not shown). Colonization rates
remained within the same ranges between groups, although a
trend for a difference was found at age 11–13 months (15%
[7vCRM] vs 10% [PHiD-CV]).

DISCUSSION

It has been well described that nasopharyngeal colonization
precedes disease [6]. The effect of pneumococcal conjugate

vaccination, in particular on prevention of mucosal diseases
like AOM and pneumonia, is presumed to be associated with
the reduction of nasopharyngeal colonization and density of
vaccine pneumococcal serotypes [23]. As mentioned, subse-
quent group protection has contributed greatly to the success
of pneumococcal conjugate vaccination. In our study, we
found no differential effect of PHiD-CV immunization on
NTHi colonization, acquisition, or density of H. influenzae
compared with 7vCRM in healthy Dutch children up to 2
years of age. Therefore, we expect no indirect effects of PHiD-
CV on NTHi through prevention of transmission.

The unlicensed 11Pn-PD vaccine reduced 35% of NTHi-
caused AOM episodes in the Pneumococcal Otitis Efficacy Trial
(POET) with a trend of reduced NTHi colonization [12, 14].
However, the group difference was only observed approximately
3 months postbooster [12], and disappeared at 24 months of
age [14]. A study investigating the effects of the licensed PHiD-
CV, using a naive, age-matched nonrandomized control group,
showed no consistent effect on NTHi colonization [15]. Impor-
tantly, carriage rates were low in both studies [14, 15]. In the
present study, we found high colonization rates and applied
molecular methods to quantify the presence of H. influenzae.
We observed no efficacy of PHiD-CV immunization against
NTHi colonization or acquisition, at 3 months postbooster or at

Table 2. Nasopharyngeal Haemophilus influenzae Colonization (Total Vaccinated Cohort)

PHiD-CV
Group

7vCRM
Group

Vaccine Efficacy
n N % (95% CI) n N % (95% CI) % (95% CI) P Valueb

Any H. influenzaea

Age 5 months 185 517 35.8 (31.6 to 40.1) 85 258 32.9 (27.2 to 39.0) −8.6 (−42.1 to 16.4) .5747
Age 11–13 months 307 512 60.0 (55.6 to 64.2) 144 256 56.3 (49.9 to 62.4) −6.6 (−30.9 to 12.8) .5626

Age 14–16 months 319 514 62.1 (57.7 to 66.3) 165 257 64.2 (58.0 to 70.1) 3.3 (−17.4 to 20.1) .7564

Age 18–20 months 354 510 69.4 (65.2 to 73.4) 162 256 63.3 (57.1 to 69.2) −9.7 (−32.9 to 9.2) .3535
Age 23–25 months 384 509 75.4 (71.5 to 79.1) 177 254 69.7 (63.6 to 75.3) −8.3 (−30.1 to 9.6) .4079

Across all visits 486 520 93.5 (91.0 to 95.4) 238 260 91.5 (87.5 to 94.6) −2.1 (−19.7 to 12.7) .8265

Nontypeable H. influenzaea

Age 5 months 177 517 34.2 (30.1 to 38.5) 83 258 32.2 (26.5 to 38.2) −6.4 (−39.8 to 18.5) .6923

Age 11–13 months 296 512 57.8 (53.4 to 62.1) 138 255 54.1 (47.8 to 60.4) −6.8 (−31.7 to 13.0) .5578

Age 14–16 months 302 513 58.9 (54.5 to 63.2) 152 257 59.1 (52.9 to 65.2) 0.5 (−21.8 to 18.4) .9980
Age 18–20 months 314 509 61.7 (57.3 to 65.9) 141 254 55.5 (49.2 to 61.7) −11.1 (−36.5 to 9.2) .3214

Age 23–25 months 335 505 66.3 (62.0 to 70.5) 165 254 65.0 (58.7 to 70.8) −2.1 (−23.8 to 15.5) .8667

Across all visits 480 520 92.3 (89.7 to 94.4) 234 260 90.0 (85.7 to 93.4) −2.6 (−20.4 to 12.5) .7843

For each visit, N indicates the number of subjects with swabs cultured and n (%) the number (percentage) of swabs positive for the specified bacterium. For
across all visits, N indicates the number of subjects with swabs cultured after at least 1 visit and n (%) the number (percentage) of swabs positive for the
specified bacterium after at least 1 visit. Vaccine efficacy of PHiD-CV compared to 7vCRM was estimated as [(1–relative risk) × 100].

Abbreviations: 7vCRM, 7-valent pneumococcal conjugate vaccine; CI, confidence interval; PHiD-CV, pneumococcal nontypeable Haemophilus influenzae protein
D–conjugate vaccine.
a Data include only results from samples confirmed by polymerase chain reaction as positive for Haemophilus influenzae after discrimination from Haemophilus
haemolyticus. Samples with invalid test results were excluded from the analysis.
b Two-sided conditional exact test.

Effects of PHiD-CV on Bacterial Colonization • CID 2013:56 (1 February) • e35

http://cid.oxfordjournals.org/lookup/suppl/doi:10.1093/cid/cis922/-/DC1
http://cid.oxfordjournals.org/lookup/suppl/doi:10.1093/cid/cis922/-/DC1


any other time point. It is unknown if anti-PD antibodies corre-
late with protection against NTHi-AOM or colonization. Anti-
PD antibody concentrations in the present study [19] were
lower as those measured in POET [12], but comparable with
other PHiD-CV trials. Our use of 7vCRM as nonactive control
contrasts with previous studies in which controls did not receive
a pneumococcal conjugate vaccine [12, 15]. It has been shown
that multiple strains of S. pneumoniae and H. influenzae can
coexist in the upper respiratory tract [24]. Therefore, immuniza-
tion with a pneumococcal conjugate vaccine could exert a by-
stander effect on the presence of H. influenzae. However, overall
and serotype-specific pneumococcal colonization patterns were
similar in both vaccine groups. Additionally, no effect on H. in-
fluenzae colonization was observed in a recent study evaluating
reduced-dose schedules with 7vCRM [21]. Therefore, any possi-
ble indirect effects of PHiD-CV on NTHi through effects on S.
pneumoniae are unlikely to have influenced our results.

Our study raises the question of how a PD conjugate
vaccine induces protection against NTHi-caused AOM, while
not affecting presence of NTHi in the nasopharynx—generally
regarded to be the point from which respiratory tract infec-
tions originate. We propose several possible explanations.

First, although PD may play a role in pathogenesis of
NTHi-caused respiratory infections in animal models [25, 26],

intervening with its function may not fully prevent a complex
biological process such as colonization [26]. Virulence factors
other than PD may contribute to colonization of this unen-
capsulated pathogen. For instance, H. influenzae is highly
adaptive and selection of certain phase variants occurs during
colonization [27]. Also, specific properties could differ
between colonizing H. influenzae strains and those found in
disease, such as previously shown for the expression of immu-
noglobulin A protease [28].

Second, in a chinchilla model for AOM, Johnson and col-
leagues found that abrogation of protein D’s activity reduced
NTHi adherence in the middle ear, but not in the nasopharynx—
suggesting a compartment-specific effect [26]. Third, the effica-
cy of the 11Pn-PD vaccine against NTHi AOM could
merely reflect prevention of the first pneumococcal AOM. In
general, the first otitis episode is more frequently caused by
pneumococcus, whereas recurrent episodes are more frequent-
ly associated with NTHi etiology [4, 5]. Therefore, preventing
the first pneumococcal AOM episode can be hypothesized to
prevent sequelae involving NTHi. This hypothesis seems to
contradict results of the Finnish otitis media trial (FinOM), in
which a statistically nonsignificant increase in H. influenzae
AOM was observed after a 3 + 1-dose schedule of 7vCRM [29].
However, although differences in case definitions did not
explain the different study results [30], comparing POET with
FinOM is fraught with difficulties, owing to dissimilarities in
study design and case ascertainment—further complicated by
differences in the distribution of AOM-causing pathogens.
Nonetheless, surveillance is warranted to monitor bacterial col-
onization patterns and pathogens involved in AOM following
nationwide initiation of pneumococcal conjugate vaccination.
Clinical trials assessing efficacy of PHiD-CV against AOM
(NCT00839254 and NCT00466947) are currently ongoing.

It is important to emphasize that this study was undertaken
at the time of herd immunity with respect to vaccine pneumo-
coccal serotypes [16]. As expected, no major differences were
observed between groups with respect to pneumococcal acqui-
sition, colonization, and density. Consistent with previous
reports [31, 32], serotypes 1, 5, and 7F, known for their high
invasiveness or case-to-carrier ratio, were found to be rarely
carried. Also, colonization with potentially cross-reactive sero-
types like 6A and 19A and other, non–PHiD-CV pneumococ-
cal serotypes was similar in both groups. Regardless of the
administered vaccine and detection method, serotype 19A was
the predominant colonizer throughout follow-up. Finally, no
major differences were observed between groups in the preva-
lence of M. catarrhalis and S. aureus in nasopharyngeal
samples.

Some limitations need to be addressed. First, we have
focused in this study on NTHi colonization in healthy chil-
dren. Therefore, we cannot speculate on effects of PHiD-CV

Figure 2. Density of Haemophilus influenzae in nasopharyngeal
samples of children (total vaccinated cohort). Density of H. influenzae
was measured in original swab media by quantitative polymerase chain
reaction targeting the glycosyltransferase gene with values of ≥200
genomic equivalents (GEs) per milliliter defined as positive for the pres-
ence of H. influenzae. Point estimates of the geometric means of GEs
per milliliter are shown with their 95% confidence intervals (error bars).
Abbreviations: 7vCRM, 7-valent pneumococcal conjugate vaccine; lgtC,
glycosyltransferase gene; PHiD-CV, pneumococcal nontypeable Haemo-
philus influenzae protein D–conjugate vaccine.
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during NTHi disease or, for example, viral infections, when
overgrowth of NTHi could be somewhat contained in children
immunized with PHiD-CV. In addition, this study was not
powered to detect pneumococcal serotype-specific differences.

Strengths of our study include the longitudinal randomized
controlled study design with an adequate sample size to assess
the efficacy of PHiD-CV on NTHi colonization, virtual
absence of loss to follow-up, and a low rate of protocol devia-
tions. In addition, we had relatively high nasopharyngeal bac-
terial colonization rates compared with other countries.
Finally, we applied molecular methods to measure the densi-
ties of H. influenzae and S. pneumoniae in the nasopharynx.

In conclusion, PHiD-CV immunization had no differential
effect on nasopharyngeal NTHi colonization, acquisition, or
density compared with 7vCRM in healthy children up to 2
years of age in the Netherlands. This implies that herd
effects on NTHi are not to be expected following introduction
of PHiD-CV. Similar nasopharyngeal pneumococcal,

M. catarrhalis, and S. aureus colonization rates were also ob-
served in children vaccinated with either PHiD-CV or
7vCRM.
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als consist of data provided by the author that are published to benefit the
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