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Abstract

Introduction: Streptococcus pneumoniae is a worldwide leading cause of morbidity and mortality, while susceptibility towards penicillin and
macrolides can be less than 50% in many regions.

Methodology: A total of 150 isolates of S. pneumoniae causative of invasive diseases in children were characterized, of which 24.6% had a
fatal outcome.

Results: The most prevalent serotypes were 19F, 6B, 23F and 14. Resistance to penicillin, erythromycin (mostly of macrolide-lincosamide-
streptogramin resistance phenotype) or trimethoprim-sulfamethoxazole was found in more than 40% of the isolates, but no resistance
phenotype appeared linked to lethality. Serotype 3 isolates, which were seldom resistant, had a twofold lethality rate compared to the total
sample.

Conclusion: Serotyping could provide a better outcome-predicting tool than susceptibility testing. The seven-valent vaccine does not include

the most prevalent serotypes found in Mexico.

Key Words: Streptoccocus penumoniae; pediatric invasive disease; serotypes; antibiotic resistance

J Infect Dev Ctries 2011; 5(2):119-122.

(Received 01 July 2010 — Accepted 19 October 2010)

Copyright © 2011 Arredondo-Garcia et al. This is an open-access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Introduction

Streptococcus pneumoniae (Spn) is a leading
cause of morbidity and mortality associated with
infectious diseases worldwide. Local and systemic
infections caused by Spn include otitis media and
sinusitis as less serious but very common illnesses, as
well as bacteremia, pneumonia, sepsis and meningitis
[1], all serious bacterial infections. Furthermore, the
incidence of penicillin and macrolide pneumococcal
resistance has increased so substantially that many
regions of the world now report less than 50% of
clinical isolates as being fully susceptible. The use of
a seven-valent pneumococcal conjugate vaccine
(including capsular antigens from serotypes 4, 6B,
9V, 14, 18C, 19F and 23F) has reduced the
prevalence of invasive pneumococcal disease [2];
however, this vaccine is not widely used in Mexico.

In this report, the clinical course of
pneumococcal invasive disease (PID) was correlated
with serotype/serogroup and antimicrobial resistance

patterns in a large pediatric population between 2002
and 2005.

Methodology
Strains

A total of 150 strains considered causative of PID
were isolated from hospitalized children under 16
years of age and analyzed. Patients were mostly male
(56.6%) and 70% were < two years of age (median
age was 15 months). They were hospitalized at the
Instituto Nacional de Pediatria, a large teaching
hospital in Mexico City, and were included in an
institutional surveillance of antibiotic resistance
immediately after recording a positive culture of
blood, cerebrospinal or pleural fluid, or other
normally sterile fluid. Only one isolate per patient
was included. Strains were isolated and characterized
by standard microbiological techniques and serotyped
by the Quellung reaction, with pools and type/group-
specific antisera (Statens Seruminstitut, Copenhagen,
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Denmark). All strains were freeze dried and stored at
room temperature for further characterization.

Antibiotic susceptibility testing

Susceptibility ~ towards  penicillin ~ (PEN),
cefotaxime (CEF), erythromycin (ERY),
chloramphenicol  (CLM) and  trimethoprim-
sulfamethoxazole (SXT) was tested by serial dilution
in liquid media. Further testing of clindamycin and
tetracycline susceptibility of ERY-resistant strains
was performed by disk diffusion. All tests were
conducted and interpreted following CLSI guidelines

[3].

Results
Serotype prevalence

Serotypes 19F, 6B, 23F and 14 were the most
prevalent, accounting for more than 55% of the
strains. A total of 23 of the least common serotypes a
comprised 25% of the sample (Table 1).

Table 1. Pneumococcal serotype prevalence

Serotype Number of isolates (%6)
19F 34 (22.7)
6B 24 (16.0)
23F 13 (8.7)
14 12 (8.0)

3 8 (5.3)
9V 6 (4)
15C 5(3.3)
19A 5(3.3)
35B 5(3.3)

Other* 38 (25.3)

*Serotypes included in this category (containing 1-2 isolates each) were 4, 18A, 18C, 18F, 6A,
1,2, 10, 13, 15, 16, 17, 20, 22, 34, 68, 10A, 15A, 15F, 7C.

Antibiotic susceptibility

Minimal inhibitory concentrations (MIC) are
shown in Table 2. MICy values PEN, ERY and SXT
were at or above resistance breakpoints (and at the
intermediate breakpoint for CEF).SXT MICs, was
also above the resistance breakpoint, and PEN MICs
was above the intermediate breakpoint. Interpretation
of MIC values as resistance/intermediate prevalences
is also shown in Table 2. Interestingly, resistance to
SXT, ERY and PEN was above 40%, and PEN non-
susceptible strains comprised as little as one third of
this sample (according to CLSI guidelines before
2008 [4]). On average, these strains were resistant to
1.6 of the drugs tested.
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Macrolide resistance phenotypes

A total of 65 strains (43%) had ERY MIC at or
above 1 pg/mL. Of these, two-thirds were also
resistant to clindamycin (MLS phenotype). MLS
strains had higher ERY MICs (16 pg/mL or above,
compared to an average of 8.7 ug/mL for ERY-
resistant, clindamycin-susceptible [M phenotype]
strains) and were more frequently resistant also to
tetracycline  (88% resistant, 4% intermediate,
compared to 42% resistant, 16% intermediate for M-
phenotype strains). Serotype distribution among
MLS/M groups showed no significant differences.

Antibiotic resistance and lethality

One quarter (24.6%) of the strains was isolated
from patients who had fatal outcomes. Very slight
differences were noticed in fatality rates associated
with individual antibiotic resistance phenotypes:
endpoints were 38.5% for CEF-resistant isolates that
came from deceased patients, whereas 21.9% came
from ERY-resistant deceased patients. The multi-
drug resistance average was also slightly higher for
isolates linked to fatal outcomes: 1.68. However, it is
worth highlighting that three out of four penta-
resistant strains came from patients who died.

Antibiotic resistance and lethality differs on
serotypes

Resistance patterns among the five most
prevalent serotypes were very different. Serotypes
14, 19F and 6B were very similar to the sample
average; however, there was much less CEF
resistance among 19F strains, and much less CML
resistance among 6B strains. In contrast, 23F strains
were much more resistant than the average (except
for ERY), whereas strains of serotype 3 were much
less resistant, particularly towards CML and CEF. On
the other hand, 19F and 6B strains were much less
associated with fatal outcomes than the sample
average, but those of serotype 3 were twice as likely
to be linked to patient deaths, compared to the
average (Table 3).

Discussion

Pneumococcal serotypes that cause invasive
infections in Mexican children are not precisely those
included in the seven-valent conjugate vaccine.
Serotypes 19F, 6B, 23F and 14 constitute more than
half the isolates, and serotype 9V amounts to 4%;
however, serotypes 4 and 18C are of very low
prevalence (1.3% each), whereas serotype 3, which
amounts to 5%, is not included in the vaccine.
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Serotypes 14 and 23F were previously reported to be
the most prevalent among penicillin-susceptible
isolates from sterile-site infections in Mexican
children [5]. Anti-pneumococcal vaccination is not a
common practice in Mexico.
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of mortality, penicillin and cephalosporin resistance
were not associated with increased mortality [10].
Macrolide resistance, which comprised 40% of
the isolates, is mostly of the MLS phenotype, a high-
level resistance, with MICs of at least 16 pg/mL. It is

Table 2. Minimal inhibitory concentrations (pg/mL) and resistance prevalence (%).

Range MICx MICgy Resistant Shgieer&]i%c::ﬁ;e*
PEN' | 0.015-16 0.5 4 41 (9) 26 (3)
CEF | 0.015-16 0.25 2 9 25
ERY | 0.015->16 0.125 >16 43
CML | 0.015-16 0.25 2 13
SXT 0.03->16 8 16 58

*CEF breakpoints for non-meningeal isolates.
"according to CLSI breakpoints before 2008, resistant >2 pg/mL, intermediate 0.12-1 pg/mL; in parentheses, according to new CLSI
breakpoints for non-meningeal isolates, intravenous administration, resistant >8 pg/mL, intermediate 4 pg/mL [4].

Table 3. Resistance prevalence and lethality correlation to serotype*

Serotype PEN ERY CML CEF SXT MR ¥ Lethal
3 0.61 0.59 0 0 0.43 0.47 2
14 1.02 1.56 0.62 1.89 1.72 1.46 0.32
19F 137 0.67 1.15 0.33 1.36 141 1.52
23F 2.24 1.26 531 4.22 1.59 2.16 1.52
68 1.02 1.56 0.31 0.89 1.29 122 0.32

" The frequency of resistant isolates to each antibiotic among each serotype, and the frequency of lethal outcome among each serotype (expressed as the ratio group/total) is

shown.
T MR is the average of resistances.

Antibiotic  resistance among  pneumococci
isolated from invasive infections in Mexican children
is highly prevalent; Mexico has the highest Spn
penicillin-resistance prevalence in Latin American
countries [6]. This is likely the consequence of
extensive antibiotic abuse, ranging from inadequate
medical prescription to self-prescription practices that
are possibly a result of the over-the-counter
availability of antibiotics [7,8]. However, antibiotic
resistance traits do not seem to be linked to an
increased lethality of the infection process. Similar
results have been observed previously; for instance,
penicillin resistance does not seem to be related to
penicillin treatment failure of pneumonia in children
(22% failure among bearers of susceptible strains,
18% failure for resistant strains [9]). In another
report, although mortality of adult patients with
pneumonia was 38% when causative pneumococci
were penicillin-resistant versus 24% for penicillin-
sensitive isolates, when adjusting for other predictors

often linked to tetracycline resistance, as previous
studies have reported [11]. This phenotype could be
more likely linked to therapeutic failure [12];
however, overall ERY-resistant strains were not
appreciably associated with fatal outcomes in this
sample; in fact, the opposite was true, although in a
non-significant way. The prevalence of macrolide
resistance was not significantly different among
serotypes, nor was the resistance phenotype.
Interestingly, there are reports of serotype 19F being
the most common among macrolide resistant isolates,
and of MLSg being the most common phenotype
[13]; macrolide resistance was below average among
19F serotype isolates of this study’s collection (Table
3).

Serotypes seem to vary in their ability to gather
resistance determinants. Strains of serotype 23F
showed a high prevalence of resistance, particularly
toward CML (which is often plasmid-mediated in
other bacterial species) and CEF (which is only
chromosomal, but can be horizontally transferred by
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transformation). A previous report on serotype 23F
Mexican isolates also showed a common multi-
resistance profile that included penicillin, CML, SXT
and tetracycline (but not ERY) [14]. It might be
possible that this serotype has fewer restriction
mechanisms for foreign DNA, making it more
capable of gaining resistance determinants. On the
other hand, serotype 3 is overall much less resistant
than the average of this sample; no resistance towards
CML or CEF was detected in strains of this serotype.
However, serotype 3 is twice as likely to be linked to
a fatal outcome, indicating that antibiotic resistance is
not necessarily linked to the lethality of
pneumococcal invasive infections. Serotype 19A,
which now amounts to 3% of isolates, could increase
its prevalence if the use of the seven-valent vaccine
becomes a common practice, as has been previously
reported [15]. For instance, in the United States,
where vaccination is common, serotype 19A has a
prevalence of 30.5% among isolates from children
[16].

Overall, these results indicate that, although
antibiotic resistance is importantly increasing among
invasive pneumococci from Mexican children, this
trend might not be associated with higher lethality.
Serotyping could have a much more predictive value
than assessing antibiotic  susceptibility when
evaluating the lethal risk of pneumococcal invasive
infections in children.

References

1. Austrian R (2004) Streptococcus pneumoniae. In Gorbach
SL, Bartlett JG and Blacklow NR, editors. Infectious
diseases, 3rd edition. Philadelphia: Lippincott Williams &
Wilkins. 1605-1609.

2. Black S, France EK, lIsaacman D, Bracken L, Lewis E,
Hansen J, Fireman B, Austrian R, Graepel J, Gray S and
Klein NP (2007) Surveillance for invasive pneumococcal
disease during 2000-2005 in a population of children who
received 7-valent pneumococcal conjugate vaccine. Pediatr
Infect Dis J 26: 771-777.

3. CLSI (2007) Performance standards for antimicrobial
susceptibility testing, seventeenth informational supplement,
document M100-S17. Wayne, PA: Clinical and Laboratory
Standards Institute.

4.  Weinstein MP, Klugman KP and Jones RN (2009) Rationale
for revised penicillin susceptibility breakpoints versus
Streptococcus pneumoniae: coping with antimicrobial
susceptibility in an era of resistance. Clin Infect Dis 48:
1596-1600.

5. Zemlikova H, Cris6stomo MI, Brandileone MC, Camou T,
Castafieda E, Corso A, Echaniz-Aviles G, Pastor M and
Tomasz A (2005) Serotypes and clonal types of penicillin-
susceptible Streptococcus pneumoniae causing invasive

J Infect Dev Ctries 2011; 5(2):119-122.

disease in children in five Latin American countries.
Microbial Drug Resist 11: 195-204.

6. Ruvinsky R (2006) Resistencia a los antibiéticos de los
principales pat6genos respiratorios. In Levy-Hara G and
Sosa A, editors. Uso y abuso de los antibidticos ¢dénde
estamos y adonde queremos llegar? Montevideo: Arena. 53-
69.

7. Amabile-Cuevas CF (2010) Antibiotic resistance in Mexico:
a brief overview of the current status and its causes. J Infect
Dev Ctries 4: 126-131.

8. Amabile-Cuevas CF, Cabrera R, Fuchs LY and Valenzuela
F (1998) Antibiotic resistance and prescription practices in
developing countries. Meth Microbiol 27: 587-594.

9. Cardoso MRA, Nascimento-Carvalho CM, Ferrero F,
Berezin EN, Ruvinsky R, Camargos PAM, Sant'Anna CC,
Brandileone MCC, March MFP, Feris-lglesias J, Maggi RS,
Benguigui Y and Group C (2008) Penicillin-resistant
pneumococcus and risk of treatment failure in pneumoniae.
Arch Dis Child 93: 221-225.

10. Pallares R, Lifiares J, Vadillo M, Cabellos C, Manresa F,
Viladrich PF, Martin R and Gudiol F (1995) Resistance to
penicillin and cephalosporin and mortality from severe
pneumococcal pneumonia in Barcelona, Spain. N Engl J
Med 333: 474-480.

11. Moritz EM and Hergenrother PJ (2007) The prevalence of
plasmids and other mobile genetic elements in clinically
important drug-resistance bacteria. In Amabile-Cuevas CF,
editors. Antimicrobial resistance in bacteria. Wymondham:
Horizon Bioscience 25-53.

12. Anzueto A and Norris S (2004) Clarithromycin in 2003:
sustained efficacy and safety in an era of rising antibiotic
resistance. Int. J. Antimicrob Agents 24: 1-17.

13. Xu X, Cai L, Xiao M, Kong F, Oftadeh S, Zhou F and
Gilbert GL (2010) Distribution of serotypes, genotypes, and
resistance  determinants among  macrolide-resistant
Streptococcus pneumoniae isolates. Antimicrob. Agents
Chemother 54: 1152-1159.

14. Echéniz-Aviles G, Veldzquez-Meza ME, Carnalla-Barajas
MN, Soto-Noguerén A, Di Fabio JL, Sol6rzano-Santos F,
Jiménez-Tapia Y and Tomasz A (1998) Predominance of the
multiresistant 23F international clone of Streptococcus
pneumoniae among isolates from Mexico. Microbial Drug
Resist 4: 241-246.

15. Black S (2008) Changing epidemiology of invasive
pneumococcal disease: a complicated story. Clin Infect Dis
47: 485-486.

16. Critchley 1A, Jacobs MR, Brown SD, Traczewski MM,
Tillotson GS and Janjic N (2008) Prevalence of serotype
19A Streptococcus pneumoniae among isolates from U.S.
children in 2005-2006 and activity of faropenem.
Antimicrob. Agents Chemother 52: 2639-2643.

Corresponding author

Carlos F. Amabile-Cuevas

Fundacién Lusara, Apartado Postal 8-895, 08231
Mexico City, Mexico

Phone/Fax: (52-55)52195855

Email: carlos.amabile@Iusara.org

Conflict of interests: No conflict of interests is declared.

122



