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SUMMARY

The Belgian data (2003-2010) for the European Antimicrobial Resistance Surveillance Network
(EARS-Net) showed a significant decreasing trend in the proportion of penicillin non-susceptible
Streptococcus pneumoniae (9-4% to <1%) from blood and CSF isolates. We found that 75% of
this decrease was explained by a change in Clinical and Laboratory Standards Institute (CLSI)
breakpoints as the trend disappeared if only the new breakpoints were applied. Applying only
European Committee on Antimicrobial Susceptibility Testing (EUCAST) breakpoints also
resulted in a relatively stable proportion of penicillin non-susceptibility (average 5 %), but this
proportion was 7-13 times higher than with the new CLSI breakpoints. When the new CLSI
breakpoints alone are used, fewer than 1% of bacteraemia isolates were penicillin non-susceptible
during the entire period, but the proportion of non-susceptible meningitis isolates rose from 6-3 %
in 2003 to 15:9 % between 2003 and 2010. Changing breakpoints should lead to retrospective
analysis of historical data to minimize wrongly interpreting resistance trends.
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surveillance system.

Streptococcus pneumoniae is a common cause of
serious infections such as pneumonia, bacteraemia
and meningitis. Fatalities often occur and are associ-
ated with failing antimicrobial therapy due to anti-
microbial resistance [1]. A European network of
national surveillance systems for antimicrobial resist-
ance (EARSS) was established in 1998 and is
now called the European Antimicrobial Resistance
Surveillance Network (EARS-Net). EARS-Net gath-
ers data on the susceptibility testing results of
S. pneumoniae and other bacteria isolated from blood
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and cerebrospinal fluid (CSF) over time and regions.
Full details on the aims and protocol of EARS-Net
are available online (http://ecdc.europa.eu).

In the clinical laboratory, resistance of S. pneumo-
niae to penicillin is assessed by screening with the ox-
acillin (1 ug) disk diffusion test, and determination of
the minimum inhibitory concentration (MIC) in cases
where the screening test indicates decreased suscepti-
bility. The result is a classification into ‘susceptible’,
‘intermediate’ and ‘resistant’ categories and the cut-
off values between these categories are termed clinical
breakpoints. These are defined by several national
and international organizations, among which some
of the most widely used are the Clinical and Labora-
tory Standards Institute (CLSI) and the European
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Committee on Antimicrobial Susceptibility Testing
(EUCAST).

Between 2000 and 2012, the Belgian data for
EARS-Net S. pneumoniae antimicrobial susceptibility
were constructed each year using the most recent
CLSI breakpoints. In January 2008 CLSI changed
their S. pneumoniae breakpoints and these were im-
plemented in Belgium from 2009 onwards. After a
relatively stable period, EARS-Net reported a sig-
nificant decreasing trend (from 9:4% to <1%) in
Belgian S. pneumoniae isolates non-susceptible to
penicillin for the years 2007-2010 [2].

In this paper we aim to quantify the influence of the
change in breakpoints on the sudden drop in the
proportion of penicillin non-susceptible isolates
documented by EARS-Net, and to determine whether
this decrease was statistically significant if the change
of breakpoints is taken into account. Further, we in-
vestigated the effect a change towards EUCAST
breakpoints might have — as progressively scheduled
in Belgium from 2012 onwards — on the results of the
S. pneumoniae surveillance in EARS-Net.

All Belgian clinical laboratories are requested to
send all S. pneumoniae isolates to the National Ref-
erence Laboratory (NRL), located at the University
Hospital, Leuven. The NRL performs capsular sero-
typing and confirmation of antimicrobial suscepti-
bility test results on all isolates, and generates
feedback to the participating laboratories. In order to
be legally recognized, all Belgian clinical laboratories
must participate in the external quality assessment
(EQA) organized by the Belgian Scientific Institute of
Public Health (WIV-ISP); 87% of eligible labora-
tories also participate in the voluntary EARS-Net
EQA [2].

The WIV-ISP receives all S. pneumoniae anti-
microbial susceptibility data from the NRL and
selects only blood and CSF isolates, according to
EARS-Net criteria [2]. After verification the data are
sent to the European Centre for Disease Control
and Prevention (ECDC), the current coordinator of
EARS-Net. In the present study isolates with sample
dates between 1 January 2003 and 31 December 2010
were included.

In accordance with CLSI guidelines the NRL
first screens all S. pneumoniae isolates for suscepti-
bility to penicillin by the Kirby—Bauer disk diffusion
method with a 1 ug oxacillin disk. Isolates with an
inhibition zone diameter >20 mm are considered
susceptible to penicillin. For all isolates with inhi-
bition zones <20 mm the MIC is determined by

https://doi.org/10.1017/50950268812001057 Published online by Cambridge University Press

E-test on Mueller—Hinton agar with 5% horse blood.
S. pneumoniae ATCC 49619 with intermediate peni-
cillin resistance and a local isolate of known penicillin
susceptibility are used as internal quality controls
[3, 4].

The old (pre-2008) and new (post-January 2008)
CLSI breakpoints and the recently introduced
EUCAST breakpoints are described in Table 1.
Because the Belgian EARS-Net data showed that
96% of the blood isolates were from hospitalized
patients, only the intravenous (i.v.) breakpoints were
applied (no oral therapy is advised in these cases or in
meningitis). It should be noted that the new CLSI
breakpoints are much higher for non-meningitis
isolates, but remained the same for meningitis iso-
lates. The new breakpoints were then applied to all
isolates that were non-susceptible in the disk screen-
ing test as MIC data were available for all of them.
Where both blood and CSF isolates from the same
patient were available, priority was given to CSF iso-
lates.

Creation and analysis of the database was done
using Stata version 10 (StataCorp., USA). To deter-
mine significant trends over the period 2007-2010,
the Cochrane—Armitage test was used. All tests were
two-sided and P values <0-05 were considered sig-
nificant.

Overall, about 86% (n=97) of all eligible Bel-
gian laboratories participated, collecting a total of
12635 invasive pneumococcal disease (IPD) isolates
consisting of 555 (4:4%) isolates from meningitis
patients and 12080 (95-6%) isolates from bacter-
aemia cases. In the period 2007-2010 some hospitals
merged which resulted in a lower number of reporting
laboratories but similar national coverage was
achieved.

Table 2 shows the resulting penicillin non-
susceptibility proportion when different breakpoints
were applied. The ‘BE EARS-Net’ breakpoint of a
specific year represents the breakpoints in use in the
NRL that year, and corresponds to pre-2008 CLSI
breakpoints until 2009, and post-2008 CLSI break-
points afterwards. By the old CLSI breakpoints, an
average of 9-4% of isolates were classified as non-
susceptible to penicillin, this fell by 94% to 0:6%
when only the new CLSI breakpoints were applied.
Using this ‘BE EARS-Net’ breakpoint set there was a
strong and significant decreasing trend (P <0-001) in
the period 2007-2010 in the non-susceptibility pro-
portions, as reflected in the EARS-Net reports. Closer
examination of this trend showed that it was largely
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Table 1. CLSI and EUCAST MIC breakpoints* for S. pneumoniae susceptibility to penicillin

Clinical syndrome and route of administration

Non-meningitis, i.v. penicillin (G)}

Meningitis, i.v. penicillin (G)

MIC (ug/ml) MIC (ug/ml)
Criteria for interpretationt S I R S I R
CLSI
Old (pre-2008) breakpoints <0-06 0-12-1 =2 <0-06 0-12-1 =2
New breakpoints <2 4 =8 <0-06 — =>0-12
EUCAST
No dosage categorization - - <0-06 - >0-06
Dosage: 1-12 g x4 <05 - >0-5 - - -
Dosage: 24 gx4or1-:2gx6 <1 >1 - - -
Dosage: 24 gx 6 <2 >2 — — -

CLSI, Clinical and Laboratory Standards Institute; EUCAST, European Committee on Antimicrobial Susceptibility
Testing; i.v., intravenous; MIC, minimum inhibitory concentration; S, susceptible; I, intermediate; R, resistant.

* Adapted from CLSI and EUCAST Clinical Breakpoint Table v. 2.0, valid from [ January 2012.

1 Breakpoints in bold are those applied in the present study; for EUCAST 1-2 g x 4 was chosen because this most closely

resembles the Belgian clinical choice of treatment.

1 In this column, the EUCAST breakpoint set for ‘pneumonia’ are used. EUCAST also has breakpoints for indications

other than meningitis and pneumonia.

due to a sharp decrease, from 8-5% to 0-5 %, between
2008 and 2009 which corresponds with the im-
plementation of the new CLSI breakpoints. If only
the old CLSI breakpoints are applied to this period, a
much smaller decrease (8:5% to 6:5%) is seen. The
8% decrease reported by EARS-Net in 2008-2009
(8:5% to 0-5%) is in reality a 2% decrease as the
remaining 6% are due to the change in breakpoints.
There was no significant decreasing trend in the
same period using the old CLSI breakpoints
alone (P=0-204), or the new CLSI breakpoints alone
(P=0-954). Applying the EUCAST breakpoints re-
sulted in a penicillin non-susceptibility proportion
fluctuating around 5 %.

EARS-Net surveillance shows overall results which
combine blood and CSF isolates. However, with new
CLSI and EUCAST guidelines, these two types of
isolates have very different breakpoints, therefore it
makes sense to present them separately. In Table 2
both overall and separate results are shown. For CSF
isolates there was no difference in non-susceptibility
proportions between old CLSI, new CLSI or
EUCAST breakpoints since the penicillin breakpoints
are the same for meningitis (Table 1). On the other
hand, for blood isolates there was a marked decrease
of 99% in penicillin non-susceptibility proportions
between old and new CLSI breakpoints (9:3%
and 0-1%, respectively). The non-susceptibility
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proportions with EUCAST breakpoints fell in be-
tween these two values at 4:9 %.

The difference in non-susceptibility proportions
between blood and CSF isolates clearly depends on
the breakpoints applied. When only the old CLSI
breakpoints are used the difference between the two
types of samples is not significant (1-2-fold,
P=0099), but it is highly significant when the new
CLSI breakpoints alone (76-2-fold, P<0-001) or
EUCAST breakpoints alone (2-3-fold, P<0-001) are
applied.

Surveillance of antimicrobial resistance is crucial
for the control of resistance in pathogens. EARS-Net
is one of the most useful of these surveillance systems
due to its high degree of standardization, European
coverage, high participation and long history. The
2010 annual EARS-Net report showed a significant
decreasing trend for S. pneumoniae non-susceptible to
penicillin in Belgium for the period 2007-2010 and
this was due solely to the change in breakpoints in
2009. Without this change the proportion of these
isolates would have decreased non-significantly from
9:4% to 8:7% (P=0-204). Seventy-five percent of the
sudden drop in non-susceptible isolates is explained
only by the change in breakpoints, the remaining
25% representing a real change in susceptibility. The
latter was no doubt influenced by other factors such
as demographics of age or socio-economics [5, 6],
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Table 2. Percentage trends of penicillin non-susceptibility of Belgian S. pneumoniae isolates using four different sets of clinical breakpoints

Non-susceptibility proportions (%) and total number of isolates

All isolates Blood isolates Cerebrospinal fluid isolates

No. BE Old New No. BE Old New No. BE Old New
Year isolates EARS-Net* CLSI CLSI EUCAST isolates EARS-Net* CLSI CLSI EUCAST isolates EARS-Net* CLSI CLSI EU-CAST
2003 1443 11-7 1117 04 55 1364 12:0 120 01 54 79 63 63 63 63
2004 1431 9-5 95 05 33 1371 9-5 95 01 3-0 60 10-0 100 100 100
2005 1528 119 1119 10 7-1 1461 11-8 11-.8 05 6-8 67 13-4 134 134 134
2006 1427 96 96 11 69 1350 9-4 94 04 66 77 13-0 130 130 130
2007 1516 9-4% 94 07 64 1445 9-3% 93 01 62 71 11-3 11-.3 113 113
2008 1659 851 85 04 43 1594 8-57 85 00 4-1 65 92 92 92 92
2009 1847 0-5% 65 05 37 1780 0-1% 63 01 34 67 11-9 1119 119 119
2010 1784 0-67 87 06 47 1715 0-07 84 00 42 69 159 159 159 159
Total 12635 7-3 94 06 52 12080 72 93 01 4-9 555 11-4 1114 114 114

EARS-Net, European Antimicrobial Resistance Surveillance Network; CLSI, Clinical and Laboratory Standards Institute; EUCAST, European Committee on
Antimicrobial Susceptibility Testing.

* BE EARS-Net is not an actual breakpoint set: for a specific year it represents the breakpoints in use in the National Reference Laboratory that year, and corresponds to
pre-2008 CLSI breakpoints until 2009, and post-2008 CLSI breakpoints afterwards, meaning the most up to date CLSI breakpoints were always used in Belgium for EARS-
Net reporting.

T Statistically significant trend in the period 2007-2010.
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antimicrobial consumption which is a major trigger
for shifts in susceptibility patterns, and the prevalent
serotypes of S. pneumoniae which may be highly in-
fluenced or ‘replaced’ by vaccination strategies [7].

The new CLSI breakpoints pose a particular con-
cern for the interpretation of EARS-Net data in its
current form because they provide different break-
points depending on the site of isolation (blood and
CSF) as opposed to the combination of all invasive
pneumococcal isolates favoured by this surveillance
system. Based on the new CLSI breakpoints almost
all blood isolates in this survey were susceptible to
penicillin compared to 10-16% of non-susceptible
CSF isolates, a difference of more than 70-fold.

Since the percentage of CSF isolates within the to-
tal group of isolates was very small, the overall pro-
portion is more close to that of blood isolates.
However, EARS-Net data suggest that the percentage
of CSF isolates within the total group of isolates
ranges from 0% to 43 % between different countries
[2]. This inconsistency in frequency and the very dif-
ferent non-susceptibility proportions between blood
and CSF isolates with the new CLSI breakpoints re-
sults in a substantial limitation to the validity of the
combined data for blood and CSF isolates as shown
in EARS-Net reports. It should, therefore, not be
used to compare non-susceptibility proportions be-
tween countries. With this in mind, we suggest that it
would be useful to stratify the maps and tables of
S. pneumoniae surveillance based on separation of
CSF from blood isolates. It is noteworthy that the
difference in non-susceptibility proportions between
blood and CSF isolates is much smaller for EUCAST
breakpoints (2-3-fold, P<0-001) but would still jus-
tify separation of the source of isolates.

Previously, when the old CLSI breakpoints were
used, blood and CSF isolates had non-susceptibility
rates in the same range (9:3% vs. 11:4%, P=0-099).
Because many pneumococcal infections are treated
on an empirical basis, this meant the EARS-Net
data could be used for estimating the effect of em-
pirical penicillin therapy for both meningitis and non-
meningitis. However, the debate about the clinical
sense of changing the breakpoints for S. pneumoniae
has indicated that in the past many non-meningitis
cases were unjustifiably classified as non-susceptible
and therefore treated with broader spectrum anti-
biotics [8]. Thus the clinical utility of penicillin for
bloodstream infections was underestimated when
EARS-Net data were used to estimate the effect of
empirical therapy.
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It has also been suggested to continue to report
data that apply the old breakpoint (0-06 ug/ml) in
EARS-Net and other continuous epidemiological
surveillance studies [9]. An alternative would be to
reanalyse all historical data with the new breakpoints.
This would only be possible if MICs of all non-
susceptible cases are known (as is the case for
Belgium).

Different breakpoints between periods and coun-
tries are a reality of a surveillance system such as
EARS-Net, and do not diminish their importance.
However, results need to be interpreted in that con-
text. The introduction of the same breakpoints in all
European laboratories, one of the goals of the
EUCAST project, could be a great step forward.

In this study we chose to apply EUCAST break-
points for trend evolution limited to the 1-2gx4
subset, because this most closely resembles Belgian
clinical practice (23 million international units four
times a day); the new CLSI non-meningitis break-
points are based on a higher daily dose regimen of
1-2 g x 6. This choice was made in order to predict the
proportions of non-susceptibility in day to day prac-
tice, which are used in the Belgian EARS-Net data.
European laboratories will be requested to switch to
EUCAST breakpoints in the near future. EARS-Net
will need to define which of the dosage regimens
should be used in surveillance to avoid a situation
where all laboratories use breakpoints from the same
organization, but still do not use the same break-
points. This work suggests that when the change oc-
curs, a rise in non-susceptibility will be seen even if the
microbiological situation remains the same. If the
MIC distribution stays similar to the 2007-2010 data,
non-susceptibility under the EUCAST breakpoints
will be around 5% for Belgian EARS-Net reporting,
while it would be < 1% with the current (new CLSI)
breakpoints. Such semantic discrepancy evokes con-
fusion in a time-frame where appropriate choice of
compound and dosing to minimize resistance devel-
opment is encouraged and needed [10].
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