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Abstract

Objective. To assess the epidemiologic characteristics of
invasive pneumococcal diseases (IPD) among a population in a
pediatric hospital in Mexico City and analyze mortality-related
risk factors, serotype distribution and antibiotic susceptibil-
ity related to S.pneumoniae. Material and Methods. We
performed a retrospective review of IPD cases at a third
level pediatric hospital between 1997-2004. Results. A total
of 156 patients were included.The mortality rate was 27.5%
and was associated with six pneumococcal serotypes: 14, 6B,
23F, 6A, I9F and 19A.There was no relationship between
mortality and antimicrobial susceptibility pattern. A total of
28.2% of isolates were resistant to penicillin and 24.6% were
resistant to cefotaxime. A statistically significant relationship
was observed between mortality and previous underlying
disease (Cl 95%;2.5-18.3;p< 0.05) using a multivariate logistic
regression model. Conclusions. Our outcomes show that
IPD mortality in our population is closely related to underly-
ing disease and to six serotypes, five of which are included in
the 7-valent pneumococcal conjugate vaccine.
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Resumen

Objetivo. Conocer la epidemiologia de la enfermedad neu-
mocacica invasora (ENI) en un hospital pediatrico y analizar
los factores de riesgo relacionados con la mortalidad, la
distribucion de serotipos y el patrén de susceptibilidad de
S. pneumoniae. Material y métodos. Revision retrospecti-
va de los casos de ENI en un hospital pediatrico de tercer
nivel, entre 1997 y 2004. Resultados. En 156 pacientes la
mortalidad fue de 27.5%. Los serotipos de neumococo mas
frecuentemente relacionados con la mortalidad fueron: 14,
6B, 23F, 6A, 19F y 19A; no hubo relacion de mortalidad con
la resistencia a antibiéticos. El 28.2% mostré resistencia a
penicilina y 24.6% a cefotaxima.A través del modelo multiva-
riado, se encontré una relacion estadisticamente significativa
entre la mortalidad y enfermedad previa (IC 95%; 2.5-18.3;
p<0.05). Conclusiones. La mortalidad asociada a la ENI tuvo
relacion significativa con antecedente de una enfermedad
previa y con seis serotipos, cinco incluidos en la vacuna
neumocdcica conjugada 7-valente.
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Pneumococcal—related infections are a significant
cause of morbidity and mortality worldwide.?
Invasive pneumococcal disease (IPD) has a fatality rate
between 2.6% and 6% in industrialized countries,® and
some studies have described the relationship between
mortality risk and host factors (age, depleted immune
response, chronic disease and infection site).* There is
also evidence of an association between pneumococcal
serotype and risk of serious and fatal disease.”

The annual incidence of the disease in industrial-
ized countries where the 7-valent pneumococcal conju-
gate vaccine (PCV7) is not universally administered is
160 cases per 100 000 inhabitants.! Attack rates are 1-2
per 1 000 children for the invasive form of pneumococcal
disease, with Streptococcus pneumoniae isolated in chil-
dren less than 2 years of age.! Nevertheless, the current
Streptococcus pneumoniae disease attack rate, both inva-
sive and non-invasive, is underestimated because the
real load is determined by pneumonia and otitis media,
conditions that are not regularly reported.®” In addition,
many invasive infections caused by pneumococcus are
bacteremias with no apparent infectious focus.

A study of 728 children (2000-2005) describes the
pneumococcal serotypes in IPD in 10 Latin American
countries (SIREVA study), including Mexico. This study
does not, however, make any references to risk factors
associated with death or with IPD in children.!”

The current IPD load is considered a worldwide
public health problem since every year 1.2 million
children die from this disease, surpassing the number
of deaths caused by any other infectious diseases that
are preventable through vaccination. Thus, this is a
very significant problem for developing countries. In
addition, in industrialized countries such as the United
States, pneumococcus caused 40 000 deaths each year
(mainly adults) before universal vaccination was imple-
mented.1!

Another relevant global aspect of epidemiological
pneumococcus is that in the past 20 years there has been
a decrease in susceptibility to penicillin and other antibi-
otics'” resulting in strategic changes in IPD therapeutics
leading to increased morbidity and treatment costs.!*1
At present, the best way to control IPD —especially for
the pediatric population under 2 years of age and for
patients with IPD factors-is the application of the PCV?7.
This is the only vaccine approved by the Food and Drug
Administration (FDA) and has shown to be especially ef-
fective for IPD (97%).15 Furthermore, additional beneficial
effects have been reported, such as herd immunity and
a decreased resistance to penicillin and other antibiotics
for serotypes included in the vaccine, as well as for the
new serotypes (post-vaccine) associated with IPD.161
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This study was performed in a third-level pediatric
hospital in Mexico City to determine the conditions as-
sociated with IPD, pneumococcal serotypes, antibiotics
susceptibility and host risk factors and their association
with morbidity and mortality rates. In addition, we
aimed to identify the potential impact of conjugate vac-
cines in order to achieve, as reported in other countries,
decreased IPD-related mortality and increased suscep-
tibility of pneumococcus to different antibiotics.!

Materials and Methods

We performed a retrospective review of patients who
had S.pneumoniae isolated in a sterile site [cerebrospinal
fluid (CSF), blood, pleural fluid, peritoneal fluid, syn-
ovial secretion] from January 1997 to August 2004 and
who had no history of vaccination with PCV7, since
this vaccine has only been applied since 2007 as part
of nationwide vaccinations in Mexico. The protocol
was submitted to the Institutional Research Commit-
tee and approval of this clinical study was obtained.
The following variables were reviewed: age in months,
gender, attendance in daycare centers, nutritional status,
previous health status, use of beta-lactam antimicrobi-
als within 30 days of condition onset, and isolation.
We analyzed the relationship between age (younger
than 24 months), previous health status, S. pneumoniae
serotype, antimicrobial susceptibility and beta-lactam
antimicrobials mortality rate. The mortality risk was
the most important variable in the study.

Identification and susceptibility test

Pneumococcus was identified by standardized microbi-
ological methods. Penicillin and cefotaxime susceptibil-
ity tests were conducted with the microdilution method
as established by the Clinical and Laboratory Standards
Institute (CLSI before NCCLS).?’ The serotyping was
conducted using Quellung reaction with serum pro-
duced by the Statens Institute (Copenhagen, Denmark);
the serogroup and serotype were identified according
to Danish nomenclature.?! All these procedures were
conducted in a specialized reference laboratory for
streptococcal disease in the Hospital Infantil de México
Federico Gomez, in Mexico City.

Clinical definitions
The clinical syndromes found in patients from whom S.
pneumoniae was isolated from a sterile site (specified as

inclusion criteria) were defined as invasive pneumococ-
cal disease according to international standards.?

salud piiblica de méxico [ vol. 52, no. 5, septiembre-octubre de 2010



Invasive pneumococcal disease in Mexico City

ARTiCULO ORIGINAL

Pneumococcal meningitis: any patient with neurologic
findings compatible with meningitis and pneumococcal
growth in the CSF culture associated with cytochemi-
cal abnormalities (low glucose, elevated proteins and
increased cellularity with polymorphonuclear predomi-
nance). Pneumococcal bacteremia: a positive blood culture
in a patient with fever and no localized infectious source.
Pneumonia with effusion: a patient with clinical and/or
radiological data compatible with pneumonia and /or ef-
fusion and positive blood and / or pleural fluid cultures.
Pneumococcal peritonitis: isolation of S. preumoniae in the
peritoneal fluid or in blood from a patient with acute
peritonitis and / or compatible cytochemical abnormali-
ties of the peritoneal fluid. Prieumococcal septic arthritis: a
patient with arthritis and pneumococcus isolated from
synovial fluid.

Statistical method

Aretrospective review was conducted to assess risk fac-
tors associated with mortality. All values are expressed
as mean and percentage. Differences between groups
were estimated using the X? test. Progression to death
was estimated with a multivariate logistic regression
model, considering p<0.05 a statistically significant dif-
ference. The logistic regression analysis was performed
with the SPSS 12 program.

Results

Demographic characteristics

From January 1997 to August 2004, 156 IPD cases were
identified in 156 patients with the following ages: 41%
were under 2 years of age and 59% were over 2 years of
age, 1.8% were under two months of age, and median
age was 24 months with a mean of 45.7 months (range:
1-170 months).

Daycare center attendance

Ten percent had a history of daycare attendance and
29.4% of those were previously healthy patients.

Health status

Atotal of 30.7% of the patients were previously healthy
and 69.3% had an underlying disease. IPD distribution
among these can be observed in Figure 1.

The more frequent IPD syndromes in healthy
subjects (30.1%) were meningitis (16/156; 10.3%) and
complicated pneumonia (15/156; 9.6%), followed by
bacteremia without apparent infectious source (13/156;
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FiGURE |. PREVIOUS HEALTH STATUS IN PATIENTS WITH INVA-
SIVE PNEUMOCOCCAL DISEASE

8.3%). Two patients experienced peritonitis (1.3%) and
one patient had arthritis (0.6%). Among patients who
had underlying disease (69.9%), the most frequent IPD
syndrome was bacteremia without apparent infectious
source (37.8%), followed by meningitis (15.4%), pneu-
monia (7.7%), peritonitis (5.8%) and arthritis (3.2%).

We observed that meningitis and peritonitis were
more significant for the group with underlying disease
than for the healthy patients (p>0.05) (Table 1).

In our total sample of patients, no statistically
significant relationship was found between previous
attendance in nurseries or daycare centers and IPD risk;
this was also true for previous nutritional status.

Nutritional status at the moment of IPD diagnosis
was 45% eutrophic and 55% malnutrition, 13.7% of
which had third degree malnutrition according to the
Go6mez rating scale. Of the previously healthy patients,
84.6% had no type of malnutrition, 13.5% of patients
experienced first degree malnutrition and 1.9% second
degree malnutrition.

Previous antibiotic therapy

A total of 53.6% of the children included in the study
had received beta-lactam antibiotics (cephalothin,
cephalexin, cefuroxime, ceftriaxone, amoxicillin and/
or amoxicillin/clavulanate). A statistically significant
relationship was found between the history of previous
use of beta-lactam antibiotics and penicillin and third
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Table |

ISOLATION OF STREPTOCOCCUS PNEUMONIAE SITE AND ITS RELATION WITH PREVIOUS HEALTH STATUS

o Previously healthy ~ Underlying disease Mortality Total
Isolation site
(PH) (UD) PH ub Cases Deaths

Bacteremia 13 6l | 22 74 23
Meningitis 16 24 6 9 40 15
Pneumonia 16 9 | 3 25 4
Peritonitis | 10 | 0 I |
Arthritis 2 4 0 0 6 0
Total 48 108 9 34 156 43
Hospital Infantil de México Federico Gémez, 1997-2004. Mexico City

generation cephalosporin resistance (OR 5.4; 95% CI Susceptibility

2.4-16.1; p < 0.05).
Isolation site and relation to age

The distribution was: occult bacteremia 74 /156 (47.5%),
mean age 41.1 months; meningitis 40/ 156 (25.6%), mean
age 34.1 months; pneumonia 25/156 (16%), mean age
43.7 months; peritonitis 11/156 (7.1%), mean age 92
months; arthritis 6/156 (3.8%), mean age 42.6 months
(Table 1).

A statistically significant relationship was found
between meningitis and underlying disease (p>0.05),
and we therefore believe that this is why we found so
many meningitis cases among children who were over
2 years of age.

Isolated serotypes

The distribution for the nine most frequent serotypes, in
decreasing order, was: 23F, 19.5%; 6B, 10.4%; 19E, 9.5%;
6Aand 14, 8.5% each; 19A and 9V, 5.5% each; and finally
5and 11D, 4.9% each.

The five most frequently isolated serotypes in previ-
ously healthy children were: 6B, 5.8%; 14, 5.1%; 5, 3.2%;
19F, 3.2% and 4, 2.6%. In children with previous underly-
ing conditions they were: 23F, 18.3%; 6A, 8.5%; 19F, 6.5%;
6B, 4.9%; and 14, 3.7%. We found a statistically significant
relationship (p<0.05) between the IPD serotype 23F and
underlying disease and previously healthy patients.
No statistically significant relationship was found with
health status for the remaining serotypes.

Dispersion variables showed a statistically signifi-
cant relationship (p<0.05) among different serotypes and
the type of disease caused.
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Out of 40 S. pneumoniae isolated in CSF (meningitis),
61% were penicillin-susceptible and 39% were penicillin
resistant. In the case of cefotaxime, 65.4% susceptible
isolates were found and 34.6% were resistant (3.8% with
intermediate susceptibility and 30.8% resistant). The
most frequent serotypes that were penicillin resistant,
in decreasing order, were: 14 (28%) 19F, 6B and 23F
(16% each), 15C (8%) and 6B (14.2%). Cefotaxime non-
susceptible serotypes were: 23F (33.3%), 19F, 14 and 6B
(22.2%, each).

Out of 116 non-meningitis isolates of S. pneumoniae,
83.5% were penicillin-susceptible and 16.5% were peni-
cillin resistant (12.2% with intermediate susceptibility
and 4.3% were highly resistant). The most frequent
serotypes that were penicillin resistant, in decreasing
order, were: 6B (31.6%), 14, 23F and 19F (15.8% each),
9V (10.4%), 3 and 5 (5.3% each).

In the case of cefotaxime, 90 susceptible isolates
were found (77.6%) and 26 (22.4%) were resistant (71.8%
with intermediate susceptibility and 28.2% resistant).
Cefotaxime non-susceptible serotypes were: 23F (33.4%),
19F (23.1%), 14 (15.3%) 6B (10.3%), 9V (7.7%), 19A(7.7%)
and 18A (2.6%).

A total of 61 isolates of S. pneumoniae in patients
with a history of beta-lactam therapy were resistant as
follows: 51 (31.1%) to penicillin, 17 (10.4%) to cefotaxime
and 11 (6.7%) to other beta-lactam.

A statistically significant relationship was found
between serotypes 23F, 19F, 14 and 6B and non-sus-
ceptibility to penicillin and cefotaxime (Figure 2). No
statistically significant relationship was found in the
remaining serotypes with regard to non-susceptibility
to these antimicrobial agents.
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FIGURE 2. PERCENT OF PENICILLIN AND CEFOTAXIME RESISTAN-
CE RELATED TO STREPTOCCUS PNEUMONIAE SEROTYPES

Mortality

Overall mortality was 27.5% (43/156); 81.4% had an
underlying disease and 18.6% was previously healthy. A
statistically significant relationship was found between
mortality and underlying disease (OR 5.4; 95% CI 2.5-
18.3;p <0.05) (Table II). Patients with IPD who correlated
with a greater mortality risk had bacteremia and men-
ingitis (OR 2.3; 95% CI 0.9 -6) (Table III). Of the isolates
from patients who died, 40.8% were non-penicillin-sus-
ceptible and 18.6% were non-cefotaxime-susceptible. No
statistically significant relationship was found between
antimicrobial susceptibility and mortality.

Serotypes more highly related to mortality were:
14(16.7%), 6B(16.7%), 23F(14.6%), 6A (12.5%), 19F(6.3%),
19A(6.3%), 9V (4.1%), 18C (4.1%) and 10A (4.1%) (p<
0.005).

Table 1l
RisK FACTORS ASSOCIATED WITH MORTALITY
IN PATIENTS WITH IPD

Factor OR (95% ClI) p
Age (under 24 months) 0.8 (0.2-6.8) 0.073 (NS)
Gender (male) 0.5 (0.1-2,0) 0.16 (NS)
Meningitis and/or bacteremia diagnosis 2.3 (0.9 -6.1) 0.0003
Previous beta-lactam 5.9 (2.2-15.0) 0.004
Previous underlying disease 54 (2.5(183) 0.0001
Decreased penicillin susceptibility 0.9 (0.2-4.8) 0.19 (NS)

Hospital Infantil de México Federico Gomez,1997-2004. Mexico City

Discussion

The age distribution in our study was different than
that reported by other authors,? and primarily cor-
responded to ages over 24 months. This is related to
particular characteristics of the population involved,
since 68.9% had an underlying disease in contrast with
other series for which this figure was lower (23% and
29%).* Importantly, most previously healthy children
in our study who had IPD were under 2 years of age,
as was found in other studies.?*?>%” We also found that
meningitis and bacteremia were related with a high
mortality rate, a fact that has been reported in other
studies.””

In the present study, we analyzed 156 S. pneumoniae
isolates in 6 years, we found 27 serotypes, 59% are includ-
ing in PCV7, 68.6% in PCV10, and 81.4% in PCV13.

The most frequent serotypes isolated in this group
were: 23F (20.5%), 6A (10.9%), 19F (10.3%), 6B (9%), 14
(9%), 9V (5.6%), 19A (5.6%), 5 (5.1%), and 11D (5.1%).
These results are different than those of the SIREVA
study, in which they included 8 993 S. pneumoniae sero-

Table 11l
AGE AND MORTALITY RISK FOR PATIENTS WITH IPD

Variable Total patients Living patients n (%) Dead patients n(%) p value
(n=15¢) (n=113) (n=43) (@)
Age (months)
0-23/12 64 48 16
24-59 /12 45 34 I 0.073 (NS)
=60 /12 47 31 16

Hospital Infantil de México Federico Gémez, 1997-2004. Mexico City

salud piiblica de méxico [ vol. 52, no. 5, septiembre-octubre de 2010

395



ARTiCULO ORIGINAL

Gémez-Barreto D y col.

type isolates from 10 Latin American countries (includ-
ing Mexico).

Compared to the Mexican SIREVA study during
a similar period (2000-2005),'° we found that only 41%
of our children was younger than 2 years of age, as op-
posed to 77.8%. Said difference may be related to the
kind of patients in the study (our patients were from
only one Mexico City reference hospital and 68.9% had
underlying disease). Nevertheless, we must be cautious
when trying to make a comparison with our results,
since geographical contrasts can result in some varia-
tions among the different serotypes. Whereas we pres-
ent data from 156 cases of S. pneumoniae isolated from
invasive pneumococcal disease in a single concentration
hospital in Mexico City, the SIREVA data is based on 728
cases from different cities in Mexico.

An interesting fact is that in the SIREVA study,
serotype 14 was the most frequent, unlike our data
in which it ranked fifth (9%). On the other hand, we
identified serotype 23F as one of the most frequent
(19.5%), and serotype 19F was more frequent than in
the SIREVA study (9.5% vs. 5-6.8%). Finally, serotypes
6A and 6B were similar in both studies. Our results are
similar with world reports in which serotypes 23F, 19E,
14 and 6B are most prevalent in children with IPD.?

In African and Latin American countries, serotypes
1 and 5 are most frequently found in children younger
than 5 years of age.”>* In this study, the mortality was
very high (28%) as compared with the series from in-
dustrialized countries such as Canada, where mortality
is 2%, the United States (2.16%) and Europe (1%).3*
Nevertheless, patients with IPD in said series??2831
were previously healthy, in contrast with ours where
68.9% had a debilitating underlying disease, which is a
mortality risk factor also shown in a study conducted in
the US, where mortality was higher in children with pre-
vious debilitating disease.* In industrialized countries
where PCV7 is regularly applied, mortality figures for
IPD in children with infection secondary to the human
immunodeficiency virus (HIV) and cancer were lower
than in our population.?3%

In our study, underlying disease was a significant
risk factor associated with mortality, where previous
debilitating disease has an OR of 5.4 as compared to
previously healthy cases (95% CIL; p<0.05). Our mor-
tality data are comparable to those reported for Latin
America 262834

Regarding gender, in this study, similar to other
studies,®*?%3% we found more male cases (1:1-5), but we
didn’t find statistic association between genders from
both age groups and the mortality risk.
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Since most (62.5%) mortality-related serotypes are
included in the serotypes contained in the PCV7, they
could be prevented by the vaccination.

Of the isolated serotypes in patients who died
due to IPD, 62.5% are included in PCV7, 66.7% are
included in the 10-valent pneumococcal conjugate vac-
cine (PCV10), and 85.4% in the 13-valent pneumococal
conjugate vaccine (PCV13).

When analyzed separately in terms of the poten-
tial protection provided by PCV7 in different clinical
settings, the study showed that bacteremia would be
65.7%, meningitis 73.2% and complicated pneumonia
40%. Since 25% of the isolated serotypes in this clinical
entity were 1 and 5, we did not compare these results
with SIREVA results because they analyzed only
pneumonia and meningitis, and did not analyze other
IPD.10

With the new pneumococcal conjugate vaccines
(PCV10 and PCV13), and particularly in the case of
complicated pneumonia, potential protection increases
from 40% with the application of PCV7 to 88% with
PCV13; these results are similar to those reported by
the SIREVA study.'

Out of 156 S. pneumoniae serotypes isolated from
IPD in our population, 59% are included in the PCV7,
more than that stated in other regional reports.!’

Regarding antibiotic susceptibility, 74.2% of the
penicillin resistant serotypes are included in PCV7,
77.1% would be covered by PCV10 and 93.4% by PCV13.
Of the cefotaxime resistant serotypes, 71.8% are covered
by PCV7, 78.9% by the experimental PCV10 and 91.7%
by the experimental PCV13.

Conclusions

The results we are reporting are based on experience
in a third level pediatric hospital, thus they may not
reflect IPD epidemiological behavior throughout the
country or its relationship with prevalent serotypes.
It is therefore critical to create surveillance programs
to generate nationwide data before the universal ap-
plication of conjugate vaccines, which are already in
process in Mexico.

Invasive pneumococcal disease in Mexican children
in a third level hospital is a significant cause of morbidity
and mortality since it is a sizeable disease among children
with previous underlying disease. The key to the control
of this disease is the introduction of conjugate vaccines
that are effective in children under 2 years of age, those
with the greatest IPD incidence. In Mexico, the recent
universal introduction of PCV7 addresses this problem.
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