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ABSTRACT
Introduction: Pneumococcal conjugate vaccine was introduced in the private market in Portugal in 2001, reaching over the years a
moderately high coverage. In July 2015, it was included in the National Immunisation Program. The aim of this study was to characterize
invasive pneumococcal disease in a pediatric hospital before universal use of the vaccine.
Material and Methods: Retrospective analysis of medical records of all children with Streptococcus pneumoniae identified by culture
and/or molecular biology (available since 2008), in products obtained from sterile sites, from January 1995 to June 2015. We evaluated
demographic, clinical and microbiological data. Serotype results are available since 2004.
Results: Over those 20 years, 112 invasive pneumococcal disease cases were identified, with a median age of 15 months (1 month
- 15 years). The median number of cases /year was 4, the highest between 2001 - 2002 (8/year) and 2007 - 2012 (7 - 11/year). The
identification occurred mostly in blood culture (72), cerebrospinal fluid (24), pleural fluid (11) an others (5). The most frequent diagnoses
were pneumonia (38%), occult bacteraemia (34%) and meningitis (21%). Over the period under review, there was an increase of
pneumonia and slight increase of OB, with meningitis cases remaining relatively unchanged.
Discussion: In the last two decades, there was no reduction in the number of cases of invasive pneumococcal disease. There was an
increase in isolates from pneumonia and occult bacteraemia that might be due to the introduction of molecular biological methods for
Streptococcus pneumoniae detection. Vaccine serotypes were predominant.
Conclusion: This retrospective analysis before universal vaccination will contribute to evaluate the impact of vaccination in the
Portuguese pediatric population.
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RESUMO
Introducgao: A vacina conjugada pneumocécica foi introduzida no mercado privado portugués em 2001, atingindo ao longo dos anos
coberturas moderadamente elevadas. Em julho de 2015 foi integrada no Programa Nacional de Vacinagéo. O objetivo deste estudo foi
caracterizar a doenga invasiva pneumocadcica num hospital pediatrico antes da vacinagéo universal.
Material e Métodos: Analise retrospetiva dos processos clinicos de todas as criangas com identificagdo de Streptococcus pneumoniae
por cultura e/ou por biologia molecular (disponivel desde 2008), em produtos obtidos de locais estéreis, de janeiro 1995 a junho 2015,
avaliando dados demograficos, clinicos e microbioldgicos. Os serotipos estao disponiveis desde 2004.
Resultados: Ao longo destes 20 anos identificdmos 112 casos de doenga invasiva pneumocdcica, com idade mediana de 15 meses
(1 més - 15 anos). A mediana de casos/ano foi 4, com valores maximos entre 2001 - 2002 (8/ano) e 2007 - 2012 (7 - 11/ano).
A identificagdo ocorreu maioritariamente em hemocultura (72), liquido cefalorraquidiano (24), liquido pleural (11) e outros (5). Os
diagnosticos mais frequentes foram pneumonia (38%), bacteriemia oculta (34%) e meningite (21%). Ao longo do periodo em analise,
observou-se um aumento do diagndéstico de pneumonia e aumento ligeiro de bacteriemia oculta, tendo-se mantido relativamente
constante o de meningite.
Discussdo: Nas ultimas duas décadas nao se observou redugdo do numero de casos de doenga invasiva pneumocdcica, tendo
ocorrido um aumento da identificagdo de pneumococo em pneumonia e bacteriemia oculta, para o qual poderado ter contribuido a
introducédo dos métodos de biologia molecular e a realizagéo de mais hemoculturas. Os serotipos vacinais foram predominantes.
Conclusao: Esta analise retrospetiva pré vacinagao universal, contribuira para avaliar o impacto da vacinagdo na populagao pediatrica
portuguesa.
Palavras-chave: Crianga; Infecgdes Pneumocdcicas; Portugal; Vacinas Conjugadas; Vacinas Pneumocécicas

INTRODUCTION

Streptococcus pneumoniae (S. pneumoniae) is a Gram-
positive bacteria involved in a wide range of diseases
affecting both children and adolescents, from common
infections such as acute otitis media and sinusitis, to
less frequent and potentially severe diseases such
as pneumonia, occult bacteraemia (OB), sepsis and
meningitis." Pneumococci has become as the most frequent
cause of invasive bacterial diseases affecting children

under the age of two in some countries upon the release of
the universal vaccine against Haemophilus influenza type b
and meningococcal group c bacteria.?

Human nasopharyngeal colonisation is the primary
source of transmission to other individuals, as well as the
starting point for the disease. However, most carriers will
not develop the disease. This bacteria has been found
in approximately 60% of children in studies carried out
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in Lisbon and in Coimbra.?* More than 90 serotypes are
known, even though most patients are affected by only a
small number.’

The 23-valent pneumococcal polysaccharide vaccine
(PPV23; Pneumo23®) was the first pneumococcal vaccine
ever marketed in Portugal'® and is recommended for at-risk
populations; a recent assessment carried out in a central
hospital at the North of Portugal showed a low vaccination
rate in this population.®

The 7-valent pneumococcal conjugate vaccine (PCV-7,
Prevenar®, Wyeth) was approved in 2001 for community
pharmacies and was for the first time marketed as a non-
copayment prescription medicine. The 10-valent conjugate
vaccine (Synflorix®, GSK) was released in 2009 and the
7-valent was replaced by the 13-valent conjugate vaccine
(PCV-13, Prevenar13®, Pfizer) in 2010. Its use has been
recommended by the Comissdo de Vacinas (Vaccine
Advisory Committee) of the Sociedade Portuguesa de
Pediatria from 2010 onwards.?

Significantly decreased prevalence of invasive
pneumococcal disease (IPD), of pneumococcal colonisation
and non-invasive disease caused by vaccine serotypes in
vaccinated and in unvaccinated individuals (herd immunity)
has been found with the introduction of conjugate vaccines.
In addition, an increased prevalence of IPD caused by non-
vaccine serotypes and nasopharyngeal carriage of non-
vaccine serotypes (serotype replacement) has been found
and colonisation rates have remained almost unchanged.?”8

A national prospective study on IPD monitoring in
childhood was carried out in 2006 by the Sociedade de
Infecciologia Pediatrica of the Sociedade Portuguesa de
Pediatria and a decreased overall IPD incidence has been
found in Portugal (MJ Brito, personal communication).
Recent laboratorial data showed that this was mainly due
to a significant reduction in the number of patients affected
by the additional serotypes in PCV-10 and PCV-13 (1, 5,
7F), particularly serotype 1 in older children and affected by
the additional serotypes in PCV-13 (3, 6A, 19A), particularly
serotype 19A in younger children. Serotypes in PCV-13
remained significantly involved in IPD, corresponding to
63.2% of pneumococci isolated in Portugal in 2011 - 2012.°

PCV-13 vaccine was available free of charge in Portugal
from 2010 for at-risk populations and was included into the
Portuguese National Vaccination Programme (PNV) from
July 2015.

For this reason, there are no accurate data on the
evolution of the vaccine coverage rate, even though an
approximately 80% rate is estimated in 2007 and around
60% in 2014 (Brito MJ, personal communication).'
An assessment carried out by the SINUS — Moédulo de
vacinagéo in the Central region of Portugal showed a 69%
coverage rate with at least three doses at 24 months in 2008
and 73% in 2011 (by courtesy of Viveiros D, unpublished
data).

Our study aimed at the characterisation of the presence
of IPD in the population admitted to a paediatric hospital
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Figure 1 — Annual distribution of emergency attendances and percentage of blood cultures carried out at the Emergency Department.

Years 2012 - 2014: data regarding blood culture were unavailable.
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before the inclusion of PCV-13 into the PNV.

MATERIAL AND METHODS

This was a retrospective and descriptive study of
the clinical records of children and adolescent patients
diagnosed with IPD and attending the Emergency
Department at a paediatric hospital between 1 Jan 1995
and 30 Jun 2015 (20.5 years).

The Department treats a population of approximately
389,000 children and adolescents living in the Central
region of Portugal (INE, Censos 2011)" and is the tertiary
reference centre, also including secondary and primary
healthcare.

IPD has been diagnosed as the isolation of S.
pneumoniae from a normally sterile biological product
(blood, cerebrospinal fluid [CSF], pleural and peritoneal
fluid, abscess fluid).

The following variables were analysed: demographic and
clinical variables, immunisation status and microbiological
data, including isolation site and culture method (standard
methods used in the Microbiology Laboratory) and/or C -
reactive protein (CRP), available from 2008 onwards at
the Institute of Microbiology, Faculty of Medicine, Lisbon
University. Serotyping is available from 2004 at the Institute
of Microbiology, Faculty of Medicine, Lisbon University.

Data on hospital admissions (1995-2014) and blood
cultures carried out at the Emergency Department
between 1995 and 2011 were also analysed (Department
of Statistics and Microbiology Laboratory at the Centro

Hospitalar de Coimbra / Centro Hospitalar da Universidade
de Coimbra -CHC/CHUC) and the presence of any change
in microbiological testing method over the study period was
looked for.

The statistical analysis was carried out using the SPSS®
software for Windows, version 22. Pearson’s correlation
coefficient was obtained in order to assess the trend in
the number of patients diagnosed with IPD and statistical
significance was considered when p < 0.05.

RESULTS

An increasing number of emergency episodes has been
found over the study period, particularly from 2011 onwards
and coincided with the move to new hospital premises and
with the extension of the attendance age up to the age of
18, with stable numbers remaining ever since, in line with
what has been found regarding the percentage of blood
cultures vs. the overall number of hospital admissions,
showing a progressive increase, particularly from 2006 and
having reached 3.9% in 2011 (Fig.1).

Over the 20.5-year period, 112 patients were diagnosed
with IPD, showing an increasing trend (R = 0.565; p =
0.008). A median annual number of four patients with IPD
has been found, higher over two periods (eight patients/
year in 2001 and 2002, and 8-11 patients/year in 2007 to
2012) (Fig.2).

All the patients in this group were Caucasian, showing a
mild male predominance (55%).

Patient’s age distribution ranged between one month and
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Figure 2 — Annual distribution of the number of patients and IPD diagnoses

* Data no later than June 2015
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15 years, with a 15-month median and two-year and seven
months mean age. IPD was more frequently diagnosed
between the age of six and 24 months and 36.6% of the
patients were diagnosed over the first year of life, 64.3% up
to the age of two and 85.7% up to the age of six.

Data on patient’s immunisation status were not available

in 19.6% of the patients and, from the remaining patients,
46.4% were unvaccinated and 34% were given at least one
dose of PCV. Three vaccinated children presented with the
disease caused by a single vaccine serotype and only one
completed the whole immunisation schedule for the age (a
three-year old girl who had completed a 3-dose PCV-13
schedule [2, 4 and 12 months] presented with pneumonia
associated with the isolation of a serotype 3 pneumococcus
in blood culture; the presence of immunodeficiency had
been ruled out).

The identification of the pneumococcus was obtained

in blood culture (n = 72), CSF (n = 24), pleural fluid (n =
11), abscess fluid (n = 3; one patient with a retro-orbital
abscess and two patients with plastron appendicitis) and
peritoneal fluid (n = 2). Pneumococci were isolated from
more than one biological product (blood culture + CSF, n =
5; blood culture + pleural fluid, n = 1) (Table 1). Pneumonia,
occult bacteraemia and meningitis were amongst the most
frequent diagnoses found (Table 1). IPD has been detected
from culture or by molecular biology, as shown in Table 1.

An increasing number of patients diagnosed with OB

and pneumonia has been found over the study period, with
a decreasing number of patients diagnosed with meningitis.
The distribution of diagnoses throughout the years is shown
in Fig. 2.

An increasing number of patients (grouped into five-year

periods) diagnosed with pneumonia has been found (Table
2) (R = 0.949; p = 0,051), in addition to a mild increase
in the number of patients with OB (R = 0.666; p = 0.334),
showing an unchanged number of patients diagnosed with
meningitis throughout the study period. Eleven patients with
pneumonia and three with meningitis were diagnosed by
CPR over the study period.

Serotype identification was available for 44% of the patients
(49/112 and 19A and 3 serotypes were more frequently found
[Table 3]).

Four patients died over the study period, caused by
the presence of meningitis. Hearing impairment (n = 6),
delayed psychomotor development (n = 5), hydrocephalus
(n = 3) and cranial nerve palsy (n = 1) were among the most
frequently found complications.

DISCUSSION

The epidemiology of pneumococcal disease has
changed over the past few decades with the introduction of
pneumococcal conjugate vaccines, leading to a significantly
decreased incidence of IPD caused by vaccine serotypes
both in vaccinated and unvaccinated patients. Despite the
phenomenon of ‘serotype replacement’, the significant
reduction in the number of patients infected with vaccine
serotypes largely overpassed those infected with non-
vaccine serotypes.'#1

Only in 2014 did IPD become a mandatory notifiable
disease in Portugal." A prospective study carried out by
the Grupo de Estudo da Doencga Invasiva Pneumocécica
(Study Group on Invasive Pneumococcal disease) of
the Sociedade de Infeciologia Pediatrica / Sociedade
Portuguesa de Pediatria (SPP) found that overall IPD

Table 1 - Patient’s diagnosis and biological product used for the identification of S. pneumoniae

Diagnosis n (%) Pneumococcal isolate (n)

Identification by molecular biology (n)

Pneumonia 42 (37.5%) Pleural fluid (11)

Blood culture (26)

Occult bacteraemia 38 (33.9%) Blood culture (38)

Pleural fluid (11)

Meningitis 24 (21.4%) CFS (24) CFS (3)
Blood culture (5)
Appendicitis 4 (3.6%) Abscess fluid (2)
Primary peritonitis Peritoneal fluid (2)
Orbital cellulitis 2 (1.8%) Blood culture (1)
Retro-orbital abscess Abscess fluid (1)
Sepsis 1 (0.9%) Blood culture (1)
Endocarditis 1 (0.9%) Blood culture (1)
CSF: Cerebrospinal fluid
Table 2 - Evolution of main diagnoses over time
Diagnosis (n) 1995 - 1999 2000 - 2004 2005 - 2009 2010 - 2015 2
. R =0.666
Occult bacteraemia 2 10 13 9 p=0334
. R =0.949
Pneumonia 1 6 10 25 p = 0.051
. R =-0.707
Meningitis 7 8 4 5 p=0.293
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Table 3 - Serotype annual distribution, grouped by PCV-7 serotypes, PCV-13 additional serotypes and non-vaccine serotypes

Serotypes included

Non-vaccine serotypes

in PCV-7

14 19F 23F 7C 10A 15B/C 22F 24F 29 35F
2004 1
2005 1
2006 1
2007 1 1
2008 3 1 4
2009 1 1 1 1 1 1
2010 1 1 4 2 1
2011 1 1 3
2012 1 2 1 3 1 1
2013 1 1
2014
2015 1 1 1 1 1
Total 3 5 1 5 10 1 14 1 1 2 1 2 1 1

incidence ranged between 6.3 and 4.6/100,000 children
and adolescents, from 2006 to 2014 (Brito MJ, personal
communication).

Two Portuguese studies on a single hospital's
experience have been published: one study carried out in
2007 in a group-ll hospital in Lisbon found an incidence
rate of 11.8:100,000'® and another study carried out in the
Northern region of Portugal involved 32 patients with IPD
throughout a 13-year period (2000 - 2012), which has made
more difficult the analysis of an evolution trend."®

Our study covered alonger period of time and the number
of patients with IPD remained unchanged throughout the
years, even though data regarding a long period of time
should be carefully analysed and compared, as changes
in procedures may have had some contribution, namely
regarding the more frequent use of blood cultures and new
molecular biology laboratory techniques (the use of CRP
for pneumococcus from 2008 onwards), allowing for the
identification of bacteria that were not previously identified,
namely in pleural fluid and in CSF of patients on antibiotic
therapy. The fact that no identification has been carried
out on whether or not a larger number of blood cultures is
associated with the presence of OB or other diseases was
also a limitation to the analysis.

A lower use of blood cultures has been found in OB by
some North-American centres upon universal pneumococcal
vaccination, due to the significantly decreased incidence
of the disease.? This was not found in our study, due to
the fact that the vaccine was not included in the PNV and
therefore with a lower and uneven coverage. In addition,
reasons related to the epidemiological monitoring of a
vaccine-preventable disease may also have contributed.
The most frequently isolated serotypes are included in
PCV-13 (75.5%; 37/49) and these were mainly serotypes
3 and 19A, in line with those more frequently isolated in
Portugal.® The small number of serotypes available did not
allow for the analysis of serotype evolution and distribution

by the affected age groups. Secular trends (1990-2013)
in pneumococcal serotypes in pre and post-vaccine times
in regions of Spain with no universal vaccination were
analysed by Fenoll A et al. and no impact on the incidence
of IPD caused by some vaccine serotypes has been found
related to low vaccine coverage, leading to the need for
universal immunisation schedules in order to obtain any
benefit on IPD.?!

One child in our study with an adequate immunisation
schedule was diagnosed with IPD related to vaccine serotype
3. Different patients with parapneumonic pleural effusion
caused by serotype 3 S. Pneumoniae were described by
Antachopoulos et al. in 2014; five from a total of 15 patients
were children who were given the recommended PCV-
13 schedule.?? Previous serological testing had already
shown three-times lower levels of IgG antibody against
this serotype, when compared to the remaining vaccine
serotypes in vaccinated children.?®2+

CONCLUSION

This retrospective analysis allowed for the assessment
of IPD evolution over a 20-year period, before and upon
the approval of pneumococcal conjugate vaccines and
immediately before its universal introduction in Portugal.
No clear trend of reduction in the number of patients in
this population has been found, even though considering
that a long period has been analysed, which made more
difficult any data homogeneous analysis, namely due to the
introduction of new diagnostic laboratory techniques over
the past few years, a higher number of blood cultures and
due to the fact that a small number of cases were involved
in the study.

The recent inclusion of PCV-13 in the PNV will certainly
have a contribution for a best control of the disease in
Portugal and these data are relevant for the assessment
of IPD evolution in childhood and the impact in other age
groups related to herd immunity.
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This was presented as an oral communication at the 16°
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