
ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Oct. 2011, p. 4915–4917 Vol. 55, No. 10
0066-4804/11/$12.00 doi:10.1128/AAC.00250-11
Copyright © 2011, American Society for Microbiology. All Rights Reserved.

International Pneumococcal Clones Match or Exceed the Fitness of
Other Strains despite the Accumulation of Antibiotic Resistance�

Daniel Rudolf,1 Nikolay Michaylov,1 Mark van der Linden,2 Ludwig Hoy,3 Keith P. Klugman,4
Tobias Welte,1 and Mathias W. Pletz5* on behalf of the CAPNETZ Study Group

Department of Pulmonary Medicine, Hannover Medical School, 30625 Hannover, Germany1; National Reference Center for
Streptococci, University Hospital RWTH, 52074 Aachen, Germany2; Institute of Biometrics, Hannover Medical School,

30625 Hannover, Germany3; Rollins School of Public Health, Emory University, Atlanta, Georgia 303224; and
Department of Internal Medicine II, Jena University Hospital, 07470 Jena, Germany5

Received 23 February 2011/Returned for modification 24 April 2011/Accepted 31 July 2011

A few international pneumococcal clones dominate the population of antibiotic-resistant pneumococci.
Despite the scientific paradigm that a loss in fitness is the price for acquisition of resistance, these clones
spread successfully. One hundred fifty-four isolates from adult patients with community-acquired pneumonia
(CAP) were analyzed. Thirty percent showed a close relationship to international clones and had fitness equal
to or exceeding that of other strains (P � 0.015); these factors may result in the endurance of these strains
despite a reduction of antibiotic usage.

Most studies investigating the etiology of community-ac-
quired pneumonia (CAP) have identified Streptococcus pneu-
moniae as the most frequent pathogen (23). A recent review by
Welte and Kohnlein (in 2009) showed a mortality of patients
hospitalized with CAP of 5 to 20% (20). Treatment failure due
to antimicrobial resistance may account for at least a part of
that.

A small number of global pneumococcal clones dominate
the population of antibiotic-resistant pneumococci (12). In
1997, the Pneumococcal Molecular Epidemiology Network
(PMEN) was established with the aim of defining the nomen-
clature of global antibiotic-resistant Streptococcus pneumoniae
(14). Nationwide studies from individual countries assigned
single clones to be responsible for the majority of antibiotic-
resistant pneumococci (2, 10, 18).

To date, it remains unclear why PMEN clones spread so
successfully despite the scientific paradigm that a loss in bio-
logical fitness is the price for acquisition of resistance. It was
the aim of this study to detect PMEN clone-related clinical
isolates and to compare them to unrelated clones in terms of
antibiotic resistance, biological fitness, and clinical parameters.

Isolates and patient data were collected between 2002 and
2006 from patients with CAP by the German Competence
Network CAPNETZ. A detailed description of the CAPNETZ
methodology is given elsewhere (21).

Serotyping, multilocus sequence typing (MLST), and MIC
testing of CAPNETZ strains were performed at the German
National Reference Center for Streptococci. Serotyping was
performed by the standard Quellung method (15), MLST was
performed as previously described (5), using modified primers
(9), and MIC testing was performed by the broth microdilution

method as recommended by the Clinical and Laboratory Stan-
dards Institute (CLSI) (1). Current breakpoint tables devel-
oped by the European Committee on Antimicrobial Suscepti-
bility Testing (EUCAST) were used to interpret MICs and
define antimicrobial resistance (6). Multidrug-resistant Strep-
tococcus pneumoniae (MDRSP) was defined as resistant to �3
classes of antibiotics (11).

We analyzed 154 pneumococcal isolates. Forty-six (30%) of
these isolates could be assigned to the global PMEN clones
regarding their allelic profile based on MLST. Relatedness was
defined by the sharing of alleles at �5 of 7 loci (22).

PMEN clone-related isolates accumulated resistance to an-
timicrobial agents, whereas other strains mainly presented sus-
ceptibility (Table 1). The accumulation of resistance also ac-
counts for a higher rate of MDRSP (13% versus 3%; P �
0.023). In total, nine PMEN clones constituted 80% of antibi-
otic-resistant isolates. Forty-six percent of clarithromycin-re-
sistant isolates belonged to the England14-9 clone, and 42% of
clindamycin-resistant isolates belonged to the Portugal19F-21
clone, as did 31% of the tetracycline-resistant isolates. Antibi-
otic-specific values for MIC50 and MIC90 of both groups were
equal or higher for PMEN-related isolates.

In vitro fitness was determined by the measurement of
growth curves. Isolates were inoculated into Todd-Hewitt me-
dium, and bacterial growth was monitored by a microplate
reader (Molecular Devices) at an optical density of 600 nm at
intervals of 5 min over a time period of 16 h (7, 22). To
compare bacterial growth as one component of biological fit-
ness, we analyzed the maximum slope of each curve (maximum
increase of optical density/45 min). The experiment was re-
peated nine times, and arithmetic means were used.

The fitness of PMEN clone-related pneumococcal isolates
was equal to or exceeded that of isolates without a relationship
to the global clones. Growth curves of PMEN-related isolates
reached a significantly higher maximum slope (mean values,
1.48 � 0.73 versus 1.18 � 0.54; P � 0.015). There was no
difference in maximum optical density at stationary phase (0.22
� 0.09 versus 0.21 � 0.07). In total, the isolates presented a
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high variability regarding lag phase, exponential phase, and
autolysis patterns but no considerable differences between
both groups. Antimicrobial resistance and biological fitness are
parameters usually influencing evolution and dissemination of
resistance contrary to each other. According to our study, we
suggest that one reason for the success of PMEN clones is a
combination of resistance and fitness.

Antibiotic selective pressure influences dissemination of re-
sistance. Previous studies described a tendency for resistant
strains to decrease selectively after reduction of antibiotic us-
age (8, 19). PMEN clones have a high genomic plasticity,
leading to fast adaption to clinical interventions like capsule
switching and evolution of resistance (3). We suggest that
PMEN-related resistant strains will not completely disappear
after reduction of antibiotic usage, because there is no evolu-
tionary disadvantage to being resistant and biologically fit.

The survey of clinical and demographic characteristics, lab-
oratory findings, and outcome parameters, e.g., CRB-65,
CURB, and mortality, revealed no significant difference be-
tween the two groups. Also, the proportions of invasive pneu-
mococcal disease were not different. Therefore, we concluded
that PMEN-related clones do not infect immunocompromised
or elderly patients primarily and that patient factors do not
account for the observed differences in resistance between the
two groups. Patients with severe immunosuppression, e.g.,
HIV or active tuberculosis, are not enrolled in the CAPNETZ
study.

Conjugated pneumococcal vaccines have been demon-
strated to reduce antibiotic resistance due to eradication of
multidrug-resistant clones with vaccine serotypes (4, 13). In
our study, the 7-valent pneumococcal conjugate vaccine cov-
ered 87% of patients infected by PMEN-related isolates,
whereas conjugate vaccine coverage of isolates without a rela-
tionship to the PMEN clones was significant lower (7-valent,
87% versus 17%, P � 0.001; 10-valent, 89% versus 35%, P �
0.001; 13-valent, 89% versus 71%, P � 0.017). Current studies
have shown replacement with novel antibiotic-resistant pneu-
mococcal clones that are not encompassed in vaccines (see the
review by Pletz et al. from 2008 [16]). However, serotypes of
most clones accounting for replacement are contained in the
extended 13-valent vaccine (17).

The success of international PMEN clones is based on the
combination of antimicrobial resistance and biological fitness
and may result in the endurance of these strains despite a

possible reduction of antibiotic usage. Currently, the most ef-
fective way to eradicate these clones seems to be the wide-
spread use of a conjugate vaccine. New vaccines can interrupt
the transmission of antibiotic-resistant strains, but continued
attention to the emergence of novel nonvaccine serotypes and
development of vaccines with a broader coverage will be nec-
essary for the future prevention of antibiotic-resistant pneu-
mococcal infections.

CAPNETZ is a multidisciplinary approach to better understand and
treat patients with CAP. The network was founded by the German
Ministry of Education and Research (Bundesministerium für Bildung
und Forschung), grant number 01KI07145.
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