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Abstract Continuous nationwide surveillance of invasive
pneumococcal disease (IPD) was conducted in Germany.
From July 1, 1997, to June 30, 2013, data on penicillin
susceptibility were available for 20,437 isolates. 2,790 of
these isolates (13.7 %) originate from patients with meningitis
and 17,647 isolates (86.3 %) are from non-meningitis cases. A
slight decline in isolates susceptible at 0.06 and 0.12 μg/ml
can be noticed over the years. Overall, 89.1 % of the isolates
had minimum inhibitory concentrations (MICs) of
≤0.015 μg/ml. In 2012/2013, the first three isolates of Strep-
tococcus pneumoniae with MICs of 8 μg/ml were found. The
application of different guidelines with other MIC breakpoints
for the interpretation of penicillin resistance leads to differ-
ences in susceptibility categorisation. According to the pre-
2008 Clinical and Laboratory Standards Institute (CLSI) in-
terpretive criteria, 5.3 % of isolates overall were intermediate
and 1.4 % were resistant to penicillin. Application of the
2008–2014 CLSI interpretive criteria resulted in 7.6 % resis-
tance among meningitis cases and 0.5 % intermediate resis-
tance in non-meningitis cases. Referring to the 2009–2014
European Committee on Antimicrobial Susceptibility Testing
(EUCAST) breakpoints, 7.6% of the isolates in the meningitis
group were resistant to penicillin. In the non-meningitis group,
6.1 % of the isolates were intermediate and 0.5 % were

resistant. These differences should be kept in mind when
surveillance studies on pneumococcal penicillin resistance
are compared.

Introduction

Streptococcus pneumoniae is a leading pathogen in bacterial
pneumonia, sepsis and meningitis worldwide [1]. Penicillin
still is the preferred antimicrobial agent for susceptible
S. pneumoniae infections.

The Clinical and Laboratory Standards Institute (CLSI)
breakpoints used for the interpretation of minimum inhibitory
concentrations (MICs) till 2007 were based on concentrations
that could be reached in cerebrospinal fluid (CSF) to assure
the successful treatment of meningitis cases. In 2008, new
breakpoints were published by the CLSI as a result of accu-
mulated evidence for the successful treatment of non-
meningitis pneumococcal infections, even when the pre-
2008 breakpoints suggest a reduced susceptibility for these
isolates in vitro. According to these interpretive criteria, dif-
ferent breakpoints for the parenteral use of penicillin
concerning meningitis and non-meningitis cases have to be
applied: for meningitis cases, the intermediate category was
omitted and higher breakpoints for non-meningitis cases were
defined. For oral application, the old interpretive criteria were
maintained (Table 1 in the Appendix) [2–6].

Interpretive criteria of the European Committee on Anti-
microbial Susceptibility Testing (EUCAST) were published in
2009 for the first time. These guidelines also specify different
breakpoints for meningitis and non-meningitis cases. Howev-
er, while the meningitis breakpoints are identical to the 2008–
2014CLSI values, the breakpoints in non-meningitis cases are
considerably lower (Table 1 in the Appendix) [7, 8].

The aim of this study was, in addition to our previously
published data on the effects of the 2008 CLSI breakpoints on
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susceptibility categorisation [9], to analyse trends in penicillin
MIC development among all isolates of S. pneumoniae with
invasive pneumococcal disease (IPD) that were sent to the
German National Reference Center for Streptococci (NRCS)
between July 1997 and June 2013, and to evaluate differences
in susceptibility categorisation when applying the interpretive
criteria used by the CLSI before 2008, by the CLSI after 2008
and by the EUCAST, respectively.

Materials and methods

Study design

The NRCS has conducted surveillance for IPD in Germany
since 1992. In the current study, a population- and laboratory-
based approach was used to collect data about IPD in Germa-
ny. The isolates were sent to the NRCS by diagnostic micro-
biological laboratories throughout Germany on a voluntary
basis. S. pneumoniae samples isolated from blood, CSF or
other normally sterile body sites from July 1, 1997, to June 30,
2013, were included in the study.

Microbiological investigations

Isolates were identified by standard procedures, including bile
solubility and optochin sensitivity.MIC testing was performed
using the broth microdilution method as recommended by the
CLSI [3, 4]. With regard to susceptibility categorisation ac-
cording to the CLSI interpretive criteria in 2008, only the
breakpoints set for parenteral use of the corresponding antibi-
otics were applied. Since the MIC testing of the isolates
strictly referred to the CLSI recommendations, the EUCAST
breakpoints were used for reasons of comparison only. Strep-
tococcus pneumoniae ATCC 49619 was used as a control
strain.

Results

A total of 20,549 isolates from IPD patients were collected
during the study period. The numbers of cases for each epi-
demiological year (July 1 to June 30) vary between 377 and
2,533 (mean: 1,284.3).

Data on penicillin susceptibility were available for 20,437
isolates, with 2,790 (13.7 %) originating from patients with
meningitis and 17,647 (86.3 %) from non-meningitis cases.

The percentage of all invasive isolates susceptible at 0.06,
0.12, 0.25, 0.5, 1, 2 and 4 μg/ml is shown in Fig. 1. A slight
decline in isolates susceptible at 0.06 and 0.12 μg/ml can be
noticed over the years. In 2012/2013, the first three isolates of
S. pneumoniae with MICs of 8 μg/ml during the study period

were found [serotypes: 19A (2), 14 (1)]. No pronounced
changes were observed for penicillin susceptibility at 0.25,
0.5, 1 and 2 μg/ml.

From the 20,437 isolates with data on penicillin suscepti-
bility, 89.1 % had MICs of ≤0.015 μg/ml. The distribution of
all MICs is illustrated in Fig. 2.

According to the pre-2008 CLSI interpretive criteria, 5.3 %
of isolates overall were intermediate and 1.4 % were resistant
to penicillin. The development of resistance rates, when clas-
sified according to the pre-2008 CLSI breakpoints (which are
identical to the oral CLSI 2008–2014 breakpoints) over the
years, is shown in Fig. 3. When the isolates are classified into
meningitis and non-meningitis cases, which is not indicated
by the former interpretive criteria, a slightly higher rate of non-
susceptibility is observed among the meningitis cases (6.5 %
intermediate, 1.1% resistant) than in the non-meningitis group
(5.2 % intermediate, 1.4 % resistant) (Fig. 4).

When the 2008–2014 CLSI interpretive criteria are ap-
plied, higher resistance rates are detected in the meningitis
group (7.6 % resistant) than among the non-meningitis cases
(0.0 % resistant, 0.5 % intermediate). When summing up
resistance rates from the meningitis and the non-meningitis-
group, overall, 0.4 % of all isolates are intermediate and 1.1 %
are resistant to penicillin (Table 2 in the Appendix, Fig. 4).

According to the 2009–2014 EUCAST breakpoints, 7.6 %
of the isolates in the meningitis group were resistant to peni-
cillin. In the non-meningitis group, 6.1 % of the isolates were
intermediate and 0.5 % were resistant. These rates are higher
than the non-susceptibility rates according to the 2008–2014
CLSI interpretive criteria. Summing up resistance rates from
both groups, 5.2 % of all isolates overall are intermediate and
1.5 % are resistant to penicillin (Table 2 in the Appendix,
Fig. 4).

Discussion

In this paper, we present the results of 16 years of surveillance
concerning penicillin susceptibility of IPD in Germany.

In the last decade(s), the prevalence of antibiotic-resistant
S. pneumoniae strains has been described to increase world-
wide [10, 11]. In Europe, high resistance rates for penicillin
have been reported from France, Spain and Eastern European
countries, while Germany and the Northern European coun-
tries were affected to a lesser extent [12]. However, there have
also been reports on declining resistance rates, especially in
the past few years [13–17].

The interpretation and comparison of resistance data pub-
lished from different countries is increasingly complex, be-
cause of the change in the interpretive criteria by the CLSI in
2008 [3] and the differences with the EUCAST criteria as
published since 2009 [7]. Ideally, changing breakpoints
should lead to a retrospective re-analysis of historical data to
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minimise misconstruing the resistance trends [17]. This
should be kept in mind when interpreting surveillance studies
on pneumococcal penicillin resistance.

All isolates associated with meningitis categorised as inter-
mediate before 2008 by the CLSI interpretive criteria are now
classified as resistant under the 2008–2014 CLSI interpretive
criteria, leading to higher resistance rates among meningitis
cases. In contrast, considerably lower resistance rates result
for non-meningitis cases, due to the increased MIC value for
the parenteral treatment of non-meningitis cases [2, 3, 5, 15,
17–20]. The increased MIC breakpoint reflects the fact that
there are few cases of treatment failure of non-meningeal
infections with high-dosage parenteral penicillin G, which still
remains highly effective for many pneumococcal diseases [21],
and is expected to reflect the clinical effectiveness of penicillin

more accurately [15] and reduce the inconsistency between
susceptibility results and therapeutic outcomes [19]. Sincemore
non-meningitis isolates than meningitis isolates are normally
sent to the reporting laboratories, the application of the 2008–
2014 interpretive criteria results, presumably, in a lower overall
rate of penicillin-resistant pneumococcal isolates, due to the
numerical predominance of non-meningitis cases [9].

The influence of the change in breakpoints may lead to
misinterpretation of resistance trends. For example, in their
analysis of Belgian data from 2003 to 2010, Goossens et al.
[17] described a significant decreasing trend in the proportion
of penicillin non-susceptible S. pneumoniae (9.4 % to <1 %)
for both blood and CSF isolates. However, 75 % of this
decrease was explained by the change in the CLSI
breakpoints. There was no significant decreasing trend when
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the pre-2008 CLSI breakpoints or the 2008–2014 CLSI
breakpoints were used alone [17].

The EUCAST breakpoints, first published in 2009, corre-
spond to the 2008–2014 CLSI interpretive criteria for menin-
gitis isolates, while for non-meningitis isolates, the
breakpoints are closer to the pre-2008 CLSI criteria. Accord-
ingly, the rate of intermediate or resistant non-meningitis
isolates was considerably higher with the EUCAST
breakpoints in our study than when the 2008–2014 CLSI
breakpoints were used. This is in accordance with results from
Belgium, where the proportion of penicillin non-susceptible
isolates was 7–13 times higher with the EUCAST breakpoints
than with the new CLSI breakpoints [17].

The slight decline in isolates susceptible at 0.06 and
0.12 μg/ml over the years in our study is suggestive of a slow
increase of pneumococcal penicillin resistance (MIC creep).
The phenomenon has been described among 97,843 US iso-
lates from the Surveillance Network® database for the period
1996–2008 recently as well [22]. While isolates from Taiwan

showed an alarming increase in the number of borderline
penicillin MICs (1–2 mg/l) during 2000–2007 (together with
a decreasing trend of 4 mg/l MICs) [15], we could not find a
comparable increase in isolates susceptible at 0.25, 0.5, 1 and
2 μg/ml in our study. However, there was a slight increase of
S. pneumoniae isolates with 4 μg/ml MICs during the period
of our study and, furthermore, in 2012/2013, the first three
isolates with MICs of 8 μg/ml were found.

Among the factors that might have influenced the MIC
development most profoundly, independent from the
breakpoint interpretative criteria described here in detail, the
general recommendation of pneumococcal conjugate vaccina-
tion for children<2 years old in Germany at the end of July
2006 has to be mentioned. In Germany, high rates of serotype-
specific resistance among the more frequent serotypes were
observed for the serotypes 19A, 9V, 6B, 19F, 23F and 14
between 1992 and 2008 [23]. Five of these serotypes were
included in the 7-valent pneumococcal conjugate vaccine and
serotype 19A is included in the 13-valent pneumococcal
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conjugate vaccine. With the decrease of serotypes included in
the pneumococcal conjugate vaccine, the shift in the
pneumococcal-resistant population affects not only vaccinated
children but also unvaccinated children and adults, as a result
of a herd effect [13, 24, 25]. Since pneumococcal conjugate
vaccines have been described to lead to a reduction in antibi-
otic use [26], they might also contribute to a lower antimicro-
bial selection pressure driving changes in the frequency of
antibiotic resistance [13].

However, the normal temporal [10, 27, 28] and regional
[12, 29, 30] variations of serotype distribution also have to be
taken into consideration. To observe future developments in

pneumococcal susceptibility to penicillin, continued surveil-
lance is of great importance.
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Appendix

Table 1 CLSI and EUCAST breakpoints for Streptococcus pneumoniae

CLSI pre-2008 penicillin interpretations for Streptococcus pneumoniae

Susceptible (μg/ml) Intermediate (μg/ml) Resistant (μg/ml)

≤0.06 0.12–1a ≥2
aHigh doses of intravenous penicillin (e.g. at least 2 million units every 4 h in adults with normal renal function) are effective in treating pneumococcal

pneumonia due to strains in the intermediate category.

CLSI 2008–2014 penicillin interpretations for Streptococcus pneumoniae

Susceptible (μg/ml) Intermediate (μg/ml) Resistant (μg/ml)

Parenteral, non-meningitis ≤2 4 ≥8
Parenteral, meningitis ≤0.06 – ≥0.12
Oral ≤0.06 0.12–1 ≥2

EUCAST 2009–2014 penicillin interpretations for Streptococcus pneumoniae

Susceptible (mg/l) Resistant (mg/l)

Infections other than meningitisb ≤0.06 >2

Meningitis ≤0.06 >0.06
bIn pneumonia, when a dose of 1.2 g × 4 is used, isolates with MIC ≤0.5 mg/L should be regarded as susceptible. In pneumonia, when a dose of 2.4 g

× 4 or 1.2 g × 6 is used, isolates withMIC ≤1 mg/L should be regarded as susceptible. In pneumonia, when a dose of 2.4 g × 6 is used, isolates with
MIC ≤2 mg/L should be regarded as susceptible.

Table 2 Resistance rates of S. pneumoniae isolates among meningitis and non-meningitis cases according to the CLSI 2008–2014 (parenterally
administered antibiotics) and EUCAST 2009–2014 interpretive criteria per epidemiological year, in percent

Epidemiological year Meningitis cases Non-meningitis cases

CLSI 2008–2014 interpretive criteria

Susceptible (%) Intermediate (%) Resistant (%) Susceptible (%) Intermediate (%) Resistant (%)

2008–2009 93.7 0.0 6.3 99.5 0.5 0.0

2009–2010 93.4 0.0 6.6 99.3 0.7 0.0

2010–2011 91.5 0.0 8.5 99.5 0.5 0.0

2011–2012 88.7 0.0 11.3 99.3 0.7 0.0

2012–2013 88.1 0.0 11.9 99.4 0.5 0.1

EUCAST 2009–2014 interpretive criteria

Susceptible (%) Intermediate (%) Resistant (%) Susceptible (%) Intermediate (%) Resistant (%)

2009–2010 93.4 0.0 6.6 93.1 6.2 0.7

2010–2011 91.5 0.0 8.5 92.6 7.0 0.5

2011–2012 88.7 0.0 11.3 92.2 7.1 0.7

2012–2013 88.1 0.0 11.9 92.1 7.3 0.6

Eur J Clin Microbiol Infect Dis (2014) 33:2035–2040 2039



References

1. Austrian R (1981) Pneumococcus: the first one hundred years. Rev
Infect Dis 3(2):183–189

2. Clinical Laboratory Standards Institute (CLSI) (2006) Performance
standards for antimicrobial susceptibility testing; 16th informational
supplement. CLSI document M100-S16. CLSI, Wayne, PA

3. Clinical Laboratory Standards Institute (CLSI) (2008) Performance
standards for antimicrobial susceptibility testing; 18th informational
supplement. CLSI document M100-S18. CLSI, Wayne, PA

4. Clinical Laboratory Standards Institute (CLSI) (2014) Performance
standards for antimicrobial susceptibility testing; 24th informational
supplement. CLSI document M100-S24. CLSI, Wayne, PA

5. Centers for Disease Control and Prevention (CDC) (2008) Effects of
new penicillin susceptibility breakpoints for Streptococcus
pneumoniae—United States, 2006–2007. MMWR Morb Mortal
Wkly Rep 57(50):1353–1355

6. Weinstein MP, Klugman KP, 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(11):1596–1600

7. European Committee for Antimicrobial Susceptibility Testing
(EUCAST) (2009) Breakpoint tables for interpretation of MICs and
zone diameters, version 1.0, December 2009. European Society of
Clinical Microbiology and Infectious Diseases (ESCMID). http://
www.eucast.org

8. European Committee for Antimicrobial Susceptibility Testing
(EUCAST) (2014) Breakpoint tables for interpretation of MICs and
zone diameters, version 4.0, January 2014. European Society of
Clinical Microbiology and Infectious Diseases (ESCMID). http://
www.eucast.org

9. Imöhl M, Reinert RR, van der Linden M (2009) New penicillin
susceptibility breakpoints for streptococcus pneumoniae and their
effects on susceptibility categorisation in Germany (1992–2008).
Int J Antimicrob Agents 34(3):271–273

10. Jacobs MR, Good CE, Beall B, Bajaksouzian S, Windau AR,
Whitney CG (2008) Changes in serotypes and antimicrobial suscep-
tibility of invasive Streptococcus pneumoniae strains in Cleveland: a
quarter century of experience. J Clin Microbiol 46(3):982–990

11. Livermore DM (2003) Bacterial resistance: origins, epidemiology,
and impact. Clin Infect Dis 36(Suppl 1):S11–S23

12. Reinert RR (2004) Pneumococcal conjugate vaccines—a European
perspective. Int J Med Microbiol 294(5):277–294

13. Pérez-Trallero E,Martín-Herrero JE,Mazón A, García-Delafuente C,
Robles P, Iriarte V, Dal-Ré R, García-de-Lomas J; Spanish
Surveillance Group for Respiratory Pathogens (2010) Antimicrobial
resistance among respiratory pathogens in Spain: latest data and
changes over 11 years (1996–1997 to 2006–2007). Antimicrob
Agents Chemother 54(7):2953–2959

14. Fenoll A, Granizo JJ, Aguilar L, Giménez MJ, Aragoneses-Fenoll L,
Hanquet G, Casal J, Tarragó D (2009) Temporal trends of invasive
Streptococcus pneumoniae serotypes and antimicrobial resistance
patterns in Spain from 1979 to 2007. J Clin Microbiol 47(4):1012–
1020

15. Su LH, Wu TL, Kuo AJ, Chia JH, Chiu CH (2009) Antimicrobial
susceptibility of Streptococcus pneumoniae at a university hospital in
Taiwan, 2000–07: impact of modified non-meningeal penicillin
breakpoints in CLSI M100-S18. J Antimicrob Chemother 64(2):
336–342

16. Oteo J, Lázaro E, de Abajo FJ, Baquero F, Campos J; Spanish
Members of the European Antimicrobial Resistance Surveillance
System (2004) Trends in antimicrobial resistance in 1,968 invasive
Streptococcus pneumoniae strains isolated in Spanish hospitals (2001
to 2003): decreasing penicillin resistance in children’s isolates. J Clin
Microbiol 42(12):5571–5577

17. Goossens MC, Catry B, Verhaegen J (2013) Antimicrobial resistance
to benzylpenicillin in invasive pneumococcal disease in Belgium,
2003–2010: the effect of altering clinical breakpoints. Epidemiol
Infect 141(3):490–495

18. Song JH (2013) Advances in pneumococcal antibiotic resistance.
Expert Rev Respir Med 7(5):491–498

19. Doğan O, Gülmez D, Hasçelik G (2010) Effect of new breakpoints
proposed by Clinical and Laboratory Standards Institute in 2008 for
evaluating penicillin resistance of Streptococcus pneumoniae in a
Turkish University Hospital. Microb Drug Resist 16(1):39–41

20. Wolkers PC,Mantese OC, Paula A, Almeida VV, Aguiar PA, Alvares
JR, Almeida SC, Brandileone MC (2009) New susceptibility
breakpoints in antimicrobial resistance rates of invasive pneumococ-
cal strains. J Pediatr (Rio J) 85(5):421–425

21. Jacobs MR (2007) Clinical significance of antimicrobial resistance in
Streptococcus pneumoniae. S Afr Med J 97(11 Pt 3):1133–1140

22. Mera RM,Miller LA, Amrine-Madsen H, SahmDF (2011) Impact of
new Clinical Laboratory Standards Institute Streptococcus
pneumoniae penicillin susceptibility testing breakpoints on reported
resistance changes over time. Microb Drug Resist 17(1):47–52

23. Imöhl M, Reinert RR, van der Linden M (2010) Serotype-specific
penicillin resistance of Streptococcus pneumoniae in Germany from
1992 to 2008. Int J Med Microbiol 300(5):324–330

24. Kyaw MH, Lynfield R, Schaffner W, Craig AS, Hadler J, Reingold
A, Thomas AR, Harrison LH, Bennett NM, Farley MM, Facklam
RR, Jorgensen JH, Besser J, Zell ER, Schuchat A, Whitney CG;
Active Bacterial Core Surveillance of the Emerging Infections
Program Network (2006) Effect of introduction of the pneumococcal
conjugate vaccine on drug-resistant Streptococcus pneumoniae. N
Engl J Med 354(14):1455–1463

25. Hammitt LL, Bruden DL, Butler JC, Baggett HC, Hurlburt DA,
Reasonover A, Hennessy TW (2006) Indirect effect of conjugate
vaccine on adult carriage of Streptococcus pneumoniae: an explana-
tion of trends in invasive pneumococcal disease. J Infect Dis 193(11):
1487–1494

26. Dagan R, Klugman KP (2008) Impact of conjugate pneumo-
coccal vaccines on antibiotic resistance. Lancet Infect Dis
8(12):785–795

27. Imöhl M, Reinert RR, van der Linden M (2010) Temporal variations
among invasive pneumococcal disease serotypes in children and
adults in Germany (1992–2008). Int J Microbiol 2010:874189

28. Feikin DR, Klugman KP (2002) Historical changes in pneumococcal
serogroup distribution: implications for the era of pneumococcal
conjugate vaccines. Clin Infect Dis 35(5):547–555

29. Imöhl M, Reinert RR, van der Linden M (2010) Regional
differences in serotype distribution, pneumococcal vaccine
coverage, and antimicrobial resistance of invasive pneumococ-
cal disease among German federal states. Int J Med Microbiol
300(4):237–247

30. Feikin DR, Klugman KP, Facklam RR, Zell ER, Schuchat A,
Whitney CG; Active Bacterial Core surveillance/Emerging
Infections ProgramNetwork (2005) Increased prevalence of pediatric
pneumococcal serotypes in elderly adults. Clin Infect Dis 41(4):481–
487

2040 Eur J Clin Microbiol Infect Dis (2014) 33:2035–2040

http://www.eucast.org/
http://www.eucast.org/
http://www.eucast.org/
http://www.eucast.org/

	Penicillin...
	Abstract
	Introduction
	Materials and methods
	Study design
	Microbiological investigations

	Results
	Discussion
	Appendix
	References


