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ABSTRACT

Background: A successful strategy to prevent Streptococcus pneumoniae infections is the administration of pneumococcal
conjugate vaccines (PCVs). Objective: To analyze the effectiveness of the 7- and 13-valent PCV for the prevention of all-cause
pneumonia. Materials and Methods: A retrospective cohort of children younger than 5 years of age, with congenital heart
disease (CHD) and different vaccination schedules, was analyzed. History of vaccination was confirmed with verifiable records.
The outcome measure was all-cause pneumonia or bronchopneumonia. Protocol was approved by the Institutional Review Board.
For comparisons, we used inferential statistics with Chi-square and Fisher’s exact test; a p < 0.5 was considered statistically
significant. Relative and absolute risks reduction and number needed to treat were also calculated. Results: A total of 348 patients
were included: 196 with two or more doses of PCV (considered the vaccinated group), and 152 in the unvaccinated group. There
was a statistically significant difference for pneumonia events (p < 0.001) between the vaccinated (26/196) and unvaccinated
(51/152) groups. The relative risk reduction was 60.5%, and the absolute risk reduction, 20.3%. There were no differences
between patients who received two, three or four doses. The number needed to vaccinate to prevent one event of pneumonia was
5 children. Conclusions: At least two doses of PCV in children with CHD reduced the risk of all-cause pneumonia.
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INTRODUCTION

In developing countries, invasive pneumococcal disease

surgical or functional asplenia, organ transplant, AIDS,
primary immunodeficiencies, chronic heart, lung, liver

remains as one of the main causes of morbidity and
mortality in children younger than 5 years, with the
highest incidence among children under 18 months of
age. Streptococcus pneumoniae is a major bacterial
pathogen responsible for a wide spectrum of invasive
diseases (pneumonia, bacteremia, and meningitis), as
well as non-invasive diseases. In addition to young chil-
dren, patients with high risk are those with a variety
of underlying and chronic conditions (e.g., children with
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or renal disease, and with cerebrospinal fluid leak)2.

A successful global strategy to prevent infections
by S. pneumoniae has been the application of pneu-
mococcal conjugate vaccines (PCVs)34 In Mexico,
the heptavalent PCV was available in 2006 and first
administered to a selected high-risk group of children.
It was included in 2008 to the National Immunization
Program. In private medicine, three doses plus a
booster (at 2, 4, 6, and 12 months) were administered,
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while the National Immunization Program included a
primary series of two doses at 2 and 4 months of age
and a booster at 12 months of age. The 10-valent PCV
(additional serotypes 1, 5, and 7F) is only available in
private medicine, and the 13-valent PCV (additional
serotypes 1, 3, 5, 6A, 7F, and 19A) was introduced in
2012 andreplaced the 7-valent vaccine in the National
Immunization Program in 201356,

Studies of the vaccine’s effectiveness in healthy chil-
dren are reported worldwide; some reports include
patients with chronic conditions. The objective of this
study was to analyze the effectiveness of the 7-valent
and 13-valent PCVs for the prevention of pneumonia
in a group of children with congenital heart disease
(CHD) with different vaccination schedules.

MATERIALS AND METHODS

A retrospective cohort study was conducted from
January 2008 to December 2013, including children
younger than 5 years of age with CHD attended at
the cardiology department of a tertiary care level hos-
pital in Mexico City. Eligible criteria included history
of vaccination with PCVs that could be corroborated
by verifiable written records (obligatory vaccination
cards and/or hospital patients’ database) and avail-
able medical charts to obtain the following data: Age,
sex, type of CHD, medical visits, hospitalizations,
length of hospital stay, and diagnoses of lower respi-
ratory tract infections. The protocol was approved by
the Institutional Review Board.

The outcome measure was a diagnosis of pneumonia
or bronchopneumonia, established by the patients’
treating physicians (cardiologist and pediatrician). All-
cause pneumonia (or bronchopneumonia) was chosen
as the outcome measure because the confirmation of
the etiologic agent by culture is seldom achieved in the
pediatric population, and S. pneumoniae is recognized
as the most common cause.

A minimum follow-up of 18 months was required for
each patient after the first consultation at the hos-
pital. The vaccine dose was counted if it had been
administered at least 3 weeks before the onset of the
symptoms and signs of lower respiratory tract infec-
tion. For the analysis, patients were divided into two
main groups according to the number of PCV doses
received. Patients who received none or one dose were
considered unvaccinated. Exclusion criteria included
the absence of verifiable written records of vaccina-
tion history and/or an incomplete medical chart.
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Statistical analysis

Descriptive statistics with simple frequencies and per-
centages were used. For comparisons, we performed
inferential statistics using Chi-square and Fisher’s
exact test. A p < 0.5 was considered statistically sig-
nificant. Relative and absolute risk reduction and num-
ber needed to treat were also calculated.

RESULTS

A total of 348 patients were identified during the
study period; 196 with two or more doses of the PCV
were assigned to the vaccinated group, and 152 to
the unvaccinated group (22 patients with no dose and
130 patients with one dose). Seven patients died due
to complications not related to pneumonia or bron-
chopneumonia events.

Onthefirstvisit to the cardiology department, the median
of age was 4 months in the group of 0-1 dose (range
2-13 months) and 2 months (range 2-13 months) in the
vaccinated group (2 or more doses). The type of CHD in
each group of patients is shown in Table 1.

There were 68/152 (44.7%) girls in the unvaccinated
group and 107/196 (54.5%) in the vaccinated group
(p = 0.06). According to the number of doses received,
130 childrenreceived one dose, 119 received two doses,
53 received three doses, and 24 received four doses.
The median age at the first dose in those patients who
received only one dose was 5 months, and for those
who received two or more doses, it was 2 months.

Pneumonia and bronchopneumonia events

The median age at the first event of pneumonia or bron-
chopneumonia was 7 months (range 2-14 months)
for patients in the unvaccinated group. Among the
vaccinated children, the median age was 9.5 months
(range 6-26 months) for those who received two doses,
10 months (range 8-12 months) for those who received
three doses, and also a median of 10 months (range
9-12 months) for children who received four doses.

In the unvaccinated group, there were 42 cases
of pneumonia and 9 cases of bronchopneumonia
(n = 51), in comparison with 20 cases of pneumonia
and 6 cases of bronchopneumonia (n = 26) in the
vaccinated group: For those who received two doses
of vaccine, there were 14 cases of pneumonia and 4
of bronchopneumonia; with three doses, there were
4 cases of pneumonia and 1 of bronchopneumo-
nia; and among children with four doses, there were
2 cases of pneumonia and 1 of bronchopneumonia
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Table 1. Types of CHD in the study population

CHD Unvaccinated* Vaccinated® Total
n=152 (%) n=196 (%) n =348 (%)
Acyanotic CHD with increased pulmonary blood flow 95(62.5) 146 (74.5) 241 (69.2)
Cyanotic CHD with increased pulmonary blood flow 45 (29.6) 25(12.7) 70(20.1)
Cyanotic CHD with decreased pulmonary blood flow 9(5.9) 16 (8.2) 25(7.1)
Acyanotic CHD with normal pulmonary blood flow 3(2) 9(4.5) 12(3.4)

*Unvaccinated: < 1 dose of PCV.
*Vaccinated: > 2 doses of PCV.
CHD: congenital heart disease; PCV: pneumococcal conjugate vaccine

(Table 2). All patients with pneumonia or broncho-
pneumonia were hospitalized and received antimicro-
bial treatment. The etiologic agent was not identified
in any of the cases. There was a statistical difference
in the lower respiratory tract infections between the
vaccinated (26/196) and unvaccinated (51/152)
groups (p < 0.001). There were no differences in the
number of cases of respiratory tract infection between
patients who received two, three or four doses.

The risk for pneumonia in patients who received
two doses was similar compared with patients who
received three or four doses, in all of them < 2 and
there was no statistical significance (Table 3).

The relative risk reduction when comparing the unvac-
cinated with the vaccinated group was 60.5% (95%
confidence interval [CI]: 39.7-74), the absolute risk
reduction was 20.3% (95% Cl: 11.4-29.2), and the
number needed to treat was 5 (95% Cl: 3.43-8.77).

DISCUSSION

Despite the reduction on the incidence of invasive pneu-
mococcal diseases following the inclusion of the PCVs
to the routine immunization programs’#$, patients with
comorbidities are still a high-risk group with increased
hospitalization events due to invasive pneumococcal
disease as well as all-cause pneumonia®. In developing
countries, children with congenital heart defects (CHDs)
are one of the major risk groups?°. Frequently the delay
in the surgical repair is associated with a higher mortal-
ity (around 60%) in children admitted to the intensive
care unit, with diagnosis of sepsis or pneumonia in 74%
of cases, most of them with a CHD lesion with increased
pulmonary blood flow, similar to this cohort!?.

Despite the recommendation for the vaccination of
high-risk groups??, the vaccination coverage is subopti-
mal in many countries. Therefore, several studies have
evaluated the impact of different schedules!3’, not
only in terms of invasive disease but also in immune
response, colonization and all-cause pneumonia as an
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Table 2. Number of pneumonia or bronchopneumonia
events in the vaccinated and unvaccinated groups

Number of events Number of PCV doses
Vaccinated Unvaccinated
group group
Two Three Four <1
Number of patients 119 53 24 152
Pneumonia or 18 5 3 51

bronchopneumonia events*

*Fisher exact test p<0.001.
PCV: pneumococcal conjugate vaccines

Table 3. Risk of pneumonia according to the number of
doses of PCV

Number of PCV doses OR 95%Cl  pvalue
Two versus three doses 1.85 0.67-5.8 0.33
Two versus four doses 1.24 0.33-462 0.51
Two versus three or four doses 1.62 0.67-3.9 0.14

OR: odds ratio; Cl: confidence interval; PCV: pneumococcal conjugate
vaccine

indirect effect from the vaccine administration. This
study was designed to evaluate whether the number of
received doses of the PCV had an effect on the number
of all-cause pneumonia. Of the total group, 93% had
received one or more doses of the vaccine, but only
22% had received three or more doses. Invasive infec-
tions in infants younger than 60 days of age are uncom-
mon but are still reported with similar frequency before
and after the introduction of the PCV in Mexico?®. In
this study, the youngest patient with pneumonia was
2 months old and had not received the first dose. For
analysis purposes, the infant was assigned to the
unvaccinated group, according to the definition criteria.
This case only emphasizes the need to evaluate protec-
tion strategies for infants younger than 60 days of age.

These results showed no difference between patients
who received two, three or four doses. Rodgers et al.
reviewed published data of the immune responses
following two infant doses in countries using a 2 + 1
schedule. The proportion of responders after two
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PCV-13 doses were >85% for most of the 7 common
and 6 additional serotypes, except for 6B, 23F, 3, and
6A, but all serotypes in > 95% of the participants
showed functional activity. Higher immunogenicity
was observed in the Mexico study, compared with the
European studies'’. This could explain the lack of dif-
ferences for children receiving two or more doses.

Possible reasons for incomplete vaccine schedules in
this study were the myths around immunization of
patients with underlying conditions, mainly in primary
care services, especially with cyanotic patients. In ter-
tiary care hospitals, specialists are focused on the CHD
and associated comorbidities and underestimate the
importance of a complete vaccination status. Children
who received only one dose were older than children
who completed the schedule (5 vs. 2 months), proba-
bly because parents considered that the CHD was the
most important problem and did not receive the proper
recommendation for opportune immunization, or else
decided to postpone the administration of the vaccines.

The study has several limitations. The outcome measure
(all-cause pneumonia) is an indirect effect of vaccination,
and even though S. pneumoniae is the main pathogen
in bacterial pneumonia in children younger than 5 years,
none of the patients in the study had microbiological con-
firmation of the lower respiratory tract infection. These
recommendations by the US Advisory Committee on
Immunization Practices include the administration of four
doses of vaccine in the first 18 months!2. The National
Immunization Program in Mexico includes a primary series
of two doses at 2 and 4 months of age and a booster at
12 months of age. Therefore, the number of patients who
received four doses was small, and the comparisons to
other groups do not represent definitive results.

In accord with the information of diverse studies, at
least two doses were needed to reduce the probability
of a lower pulmonary tract infection.

Considering the clinical difficulties to differentiate
heart failure from pneumonia, this diagnostic uncer-
tainty may be reduced if a child receives a complete
vaccination schedule. In patients with CHD, reinforce-
ment of the recommendation of PCV vaccination could
decrease the number of cases of pneumococcal pneu-
monia, an important cause of morbidity and mortality.
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