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Introduction

The need to know whether an organism is likely to respond
to antimicrobial therapy is as old as chemotherapy itself,
and the background has been covered in this Supplement
by Wheat.1 A number of mechanisms exist by which one
may establish the breakpoint between a susceptible and
resistant population of bacteria. In the USA, the National
Committee for Clinical Laboratory Standards (NCCLS)
publishes such guidance,2 and has significant influence in
many parts of the world. Other countries, however, have a
different philosophy and different methodological details.
The Comité de l’Antibiogramme de la Société Française de
Microbiologie (CA-SFM)3 and the Swedish Reference
Group for Antibiotics (SRGA)4 have attitudes (and hence
methods) not dissimilar to those of the BSAC, although the
agar media used may differ. The European Society for
Clinical Microbiology and Infectious Diseases is currently
considering its approach to this subject.

All methods used attempt to integrate the pattern of sus-

ceptibility of a population of bacteria with the pharmaco-
kinetics of the antimicrobial and then, possibly, to review
this relationship in the light of clinical experience. All have
many problems in common. These include the following:
(i) The need for antimicrobial group testing; namely, can
one agent be taken as representative of others? Com-
mercially and scientifically this is a thorny problem.
(ii) How to take into account the changing dosing regimens
(for example, penicillin and ampicillin dosing for pneumo-
cocci with intermediate susceptibility).
(iii) Infections at specific sites, including the urinary tract,
and the possible need for site-specific breakpoints.
(iv) The role of the intermediate category between sus-
ceptible and resistant populations.
(v) How to integrate the newly emerging knowledge on
pharmacodynamics with breakpoint determination.
(vi) How to deal with organism–antimicrobial combina-
tions where a substantial proportion of the distribution of
susceptibility straddles the pharmacological breakpoint.

It has been said that it would be far simpler to choose one
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international method of susceptibility testing and break-
point determination, and the method usually suggested 
is that of the NCCLS. An increasing number of the scien-
tific community believe that there should be a ‘European’
method. The different methods have both strengths and
weaknesses. For example, the NCCLS utilizes inocula and
media with which the BSAC Working Party and other 
bodies have fundamental problems. Moreover, the NCCLS
breakpoints are, in this Working Party’s view, not con-
servative enough, tending to be higher than those of the
BSAC. This does not mean that there cannot be an inter-
nationally recognized standard method, but rather that dif-
ferent countries should produce guidance on methodology
and breakpoints that reflect clinical and laboratory practice
in that country. Breakpoint determination, being a process
that must be continuously reviewed, is part of the BSAC
standard method. 

The primary function of in vitro antimicrobial sus-
ceptibility testing in clinical laboratories is to provide 
information to prescribers on the choice of appropriate
chemotherapy, whether it be for therapy or prophylaxis 
in specific patients, or to help in antimicrobial policy 
formulation. Increasingly, routine susceptibility testing is
also seen as having public health significance, in that the
data generated can be used to track the occurrence and
prevalence of antimicrobial resistance in the geographical
area served by the laboratory. While the clinician expects
the laboratory to provide information categorizing isolates
as susceptible, intermediate or resistant, such categories
are not optimal for epidemiology. The definitions of these 
categories are as follows.
Susceptible: susceptible implies that infection due to the
bacteria tested will probably respond to that antibiotic.
Intermediate: intermediate implies an indeterminate or
uncertain response is likely given standard dosing. In some
circumstances increased doses would be effective.
Resistant: resistant implies that infection due to bacteria
tested will probably not respond to that antibiotic.

In order to categorize strains as susceptible, inter-
mediate or resistant, breakpoint antibiotic concentrations
are used. Here we review the current BSAC approach to
setting a breakpoint and discuss the alterations to the pro-
cess that the Working Party are currently considering.

Current procedures for establishing individual
breakpoints

The majority of the published BSAC breakpoints were
chosen 10 years ago, were not exhaustive, and related to the
agents most commonly used at that time.5 The impetus for
the initial choice came from the members of the Working
Party. A discussion paper was produced for the member-
ship of the Society and some minor amendments were then
made following representations from members. The BSAC
Working Party, unlike the NCCLS,2 has never had signifi-

cant input from industry, but, as discussed below, this may
well change in the future. The breakpoint, once decided,
was communicated to the relevant pharmaceutical com-
pany.

The definition of breakpoint that is used here is as fol-
lows: a breakpoint is a discriminating concentration used in
the interpretation of results of susceptibility testing to
define isolates as susceptible, intermediate or resistant.

The setting of breakpoints is a controversial subject and
the focus of much debate among microbiologists, regula-
tors and industry. In the past this process was seen as arbi-
trary and lacking in consistency. In the last decade, an
increasing knowledge of pharmacodynamics has allowed
more rationality to be introduced into discussion about
breakpoints.

At present we believe that pharmacodynamic principles
could be used to set breakpoints for penicillins, cephalo-
sporins, carbapenems, aminoglycosides and fluoroquino-
lones. The situation with other agents is less clear. A
discussion paper on pharmacodynamic guidelines to de-
velop breakpoints for the above drug classes is currently
being prepared. In the meantime, we have continued to use
the principles set out in 1991 in ‘A Guide to Sensitivity
Testing’, a report of the Working Party on Antibiotic 
Sensitivity Testing of the BSAC.5

Three features of both antimicrobial and pathogen must
be considered when deciding upon a breakpoint: (i) the 
distribution of susceptibilities; (ii) pharmacological proper-
ties of the antimicrobial; and (iii) clinical outcome data.
However, difficulties can arise in reconciling these three.

Microbiological considerations

The use of purely clinical and/or pharmacodynamic or
pharmacokinetic data may produce breakpoints that will
result in laboratory results with poor reproducibility. The
MIC is seen as the gold standard for assessing an anti-
biotic’s potency, but is a crude measure with limitations.
However, all other susceptibility test methods should be
validated against an MIC determined by a standard method-
ology. Breakpoints that fall in the troughs of bimodal 
or polymodal MIC distribution are most likely to yield a
reproducible categorization of susceptible, intermediate or
resistant, while those breakpoints that lie in the middle of 
a continuous distribution will result in poor reproducibility.
It may, therefore, be necessary to shift breakpoints or to
introduce two breakpoints to help diminish the impact of
this problem. Different species differ in their MIC distribu-
tions, and therefore it may be necessary to choose break-
points that relate to the more common and/or important
organisms. Breakpoints chosen with deference to the
majority of clinical isolates may result in a classification of
‘susceptible’ for organisms with specific resistance mechan-
isms that affect clinical outcomes. It may consequently be
necessary to shift breakpoints to reduce this problem.
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In most cases, the distribution of susceptibilities (MICs)
for a bacterial population to an antimicrobial is either 
unimodal (the bacteria are innately susceptible or resist-
ant) or bimodal (a susceptible population and a population
possessing a mechanism or mechanisms of resistance, for
example Escherichia coli with and without the TEM-1
enzyme). Setting breakpoints defined by such distributions
should not cause problems. For example, Figure 1 shows
innately susceptible or resistant populations as defined
and, if supported by pharmacokinetic considerations, a
breakpoint can be readily derived. Figure 2 shows an 
example of a bimodal distribution and if the pharmaco-
kinetics suggest a breakpoint between the two populations,
again there should be few problems. Difficulties do arise in
the example shown in Figure 3, when the pharmacokinetics
suggest a breakpoint around the apex of the normal distri-
bution curve (an example being cefuroxime with Entero-
bacteriaceae) or when there is a substantial ‘shoulder’ of

organisms, possessing a known mechanism of resistance,
that overlaps with the normal or susceptible strains, as
shown in Figure 4. The use of the somewhat maligned, or
more accurately, misunderstood ‘s’ or shift factor originally
described by the Working Party will assist in altering the
breakpoint such that consistent results should be obtained.
This is discussed in detail below. However, it must be
understood that for certain drug–pathogen combinations
that have susceptibility distributed over a wide range of
MIC values it can be difficult, and sometimes almost impos-
sible, to choose a meaningful breakpoint that will yield 
consistent results in an acceptably high proportion of tests.

Owing to the need to avoid breakpoints that are species
specific and hence more cumbersome to use in a laboratory
setting, judgements will have to be made that may increase
false reporting for some pathogens. For example, Kleb-
siella and Serratia spp. are less susceptible than other
Enterobacteriaceae to some fluoroquinolones, but may
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Figure 1. Identifying breakpoints: normal MIC distribution. Figure 2. Impact of breakpoint on interpretation with bimodal
MIC distribution.

Figure 4. Impact of breakpoint on interpretation with over-
lapping MIC distribution.

Figure 3. Impact of breakpoint on interpretation when the
breakpoint falls in the middle of the MIC distribution.
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well respond to therapy, while ‘wrongly’ being reported as
resistant relative to breakpoints that have been optimized
for other Enterobacteriaceae.

The Working Party recognize that susceptibility patterns
to certain agents may change with time and place. This may
mean that breakpoint recommendations should change to
enable laboratories, for example, to recognize and report
such changes in resistance. Vancomycin resistance in
Staphylococcus aureus is a case in point, where changes
may need to be made in the future.

Pharmacological and pharmacokinetic features

Implicit in choosing a breakpoint is the assumption that the
concentration of an antimicrobial at the site of infection is
one of the important features likely to determine the out-
come of therapy. It is unusual to have a body of information
available on the tissue levels achieved at numerous sites,
and equally little is known of the effect that local or general
disease can have upon such concentrations. For these 
reasons serum concentrations are used as surrogates for
those in tissue.

The original BSAC formula is as follows:5

Breakpoint concentration �
Cmax f � s,et

where Cmax � maximum serum concentration following a
stated dose at steady state, and usually at 1 h post-dose. 
e � factor by which the Cmax should exceed the MIC. 
Normally a value of four is used, but this may be less 
for compounds that achieve high tissue concentrations in
relation to their serum levels.
f � factor to allow for protein binding, which affects both
an antimicrobial’s in vitro activity in serum and, when high,
the pharmacokinetics. For protein binding �70%, f � 1; for
protein binding 70–90%, f � 0.5; and for protein binding
�90%, f � 0.2. 
t � factor (normally 1) to allow for the serum elimination
half-life. For a serum elimination half-life of between 1 and
3 h, t � 1; if it is �3 h, t � 0.5; or if it is �1 h, t � 2.
s � shift (or reproducibility) factor mentioned above. Typi-
cally, s � 1 and should not normally be �0.5 or �2.

Since the formula was first proposed, considerably more
is now understood about the pharmacodynamic properties
of different classes of antimicrobials, the rate at which 
bacteria are killed and, increasingly, the effect on clinical
cure. The BSAC formula, which by necessity is somewhat
‘rough and ready’, does encapsulate the various pharmaco-
dynamic parameters. The area under the curve, essentially
being an integration of serum concentration and time, is
reflected by Cmax and t, and the ratio of peak concentration
to MIC is also captured.

When breakpoints for particular sites, for example
urine, are under consideration, data on the concentrations
attained at that site and the presence of microbiologically

active metabolites should also be addressed. Interactions
between parent compounds and their metabolites, if rele-
vant, should also be considered. A feature of certain
antimicrobials, particularly some of the macrolide group, is
their high tissue concentrations yet low serum levels. It is
difficult to judge a meaningful breakpoint in these con-
ditions. However, by utilizing a different value of e and 
correlating with clinical outcome data, a breakpoint can be
established.

A feature not yet addressed is the impact that a particu-
lar choice of breakpoint might have upon the emergence of
resistance amongst pathogens to a particular antimicrobial.
There is increasing evidence that the use of an antimicro-
bial when MICs for infecting organisms are very close to
the MIC breakpoint may be associated with the emergence
of resistance.6 It is possible that this should be factored into
future breakpoint determinations.

Clinical issues

The whole of the rationale for determining a breakpoint is
predicated on the fact that an organism designated as ‘sus-
ceptible’ should respond to the standard dose of the agent.
A ‘resistant’ organism should not respond and an ‘inter-
mediate’ one may or may not respond to standard doses,
yet would have an increased chance of responding to a
greater dose if the infection is at a site where the antimicro-
bial is actively concentrated. It is of major concern that
such information is often lacking. To confound the issue, all
involved in the treatment of infections know of patients
who respond satisfactorily to therapy when pathogens are
‘resistant’ and fail to respond to appropriate therapy for
‘susceptible’ pathogens. The Working Party is happy to
receive information on clinical response rates for groups 
of pathogens treated in testing situations where knowledge
of the MIC of the pathogen is known. If convincing evi-
dence is presented that the chosen breakpoint should be
altered, the Working Party will take such information into
account in re-assessing a breakpoint. The NCCLS, having
close links with the drug licensing authority, the FDA,2 has
a greater ability to ‘capture’ such clinical information more
readily than does the UK (or any European) system.

The process of ‘setting’ a breakpoint

The Working Party initially obtains information on the
pharmacokinetics of an antimicrobial that is often of a pre-
liminary and unconfirmed nature. The MICs for a range of
relevant pathogens (at least 500 strains) are determined
according to the Society’s described method,7 and the 
distribution of MICs (as shown in Figures 1–4) is deter-
mined. From the pharmacokinetics an initial breakpoint,
with s � 1, can be determined. In the majority of cases only
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a minor adjustment of s is required to account for the 
distribution of MICs.

The zone sizes obtained from 6 mm discs loaded with 
different amounts of antibiotic are then obtained for the
same isolates tested with the BSAC standardized disc dif-
fusion method.7 Scattergram analysis for these strain zone
diameter and MIC data are then constructed as shown in 
Figure 5. The error-rate-bounded analysis of Metzler &
DeHaan8 is then applied. A false-resistant and false-
susceptible rate can be calculated and the zone diameter
breakpoint adjusted so that these rates are as low as pos-
sible. The Working Party usually considers acceptable 
limits to be �5% and �1%, respectively, believing that
false-resistant reporting to be of lesser clinical consequence
than false susceptible. In addition, it is believed that zone
sizes of �36 mm are undesirable as they cause difficulty in
reading the plates in a laboratory setting. Hence, if such
large zones are found, a lower content disc may be more
appropriate.

Occasionally it is found that certain groups of pathogens
and antimicrobials (for example Pseudomonas aeruginosa
and the fluoroquinolones) give consistently high rates of
false reporting. In such instances a further organism-
specific analysis can be undertaken, and different break-
points and disc contents considered. Finally, as shown in
the hypothetical example given in Figure 5, acceptable
false reporting rates are obtained and hence, at a tentative
breakpoint concentration of 1 mg/L, a zone diameter of 
20 mm is chosen to distinguish best between susceptible
and resistant organisms.

Group representative susceptibility testing

Increasing numbers of closely related antimicrobials are
marketed, yet a laboratory can only test a selected few. The
use of one agent to represent a family of closely related
compounds is a contentious matter. The Working Party has
not altered its original view and realizes that this may cause
problems.5 In short, the lesser of evils is to choose a repre-
sentative that is the least active of the family of compounds.
This may lead to increased ‘false resistant’ reporting to a
more active member. This is of less clinical danger than
predicting the susceptibility of a less active agent based
upon information obtained by susceptibility testing of a
more active compound. However, if a particular agent in a
group is used locally, that agent should be tested. The
Working Party agrees that these arguments may not be 
sustainable in the case of many of the ‘third-generation
cephalosporins’, where the least active compound may not
be the best indicator of class resistance.

Future developments of the Working Party

It is interesting to compare the membership of the NCCLS
and that of the BSAC Working Party. The former has 
considerable representation from both the FDA and the
pharmaceutical and medical device industry. The BSAC
has no formal input from the pharmaceutical industry,
although the current membership does include such a
member and two members from the medical device industry.
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Figure 5. Standardized method of disc testing: scattergram of MICs against zone diameters.



A. P. MacGowan and R. Wise

22

T
ab

le
 I

.
B

re
ak

po
in

t c
on

ce
nt

ra
ti

on
s 

of
 a

nt
ib

io
ti

cs
 (

m
g/

L
) 

fo
r 

st
ap

hy
lo

co
cc

i, 
st

re
pt

oc
oc

ci
, M

. c
at

ar
rh

al
is

an
d 

H
. i

nfl
ue

nz
ae

%
 p

ro
te

in
B

re
ak

po
in

t c
on

ce
nt

ra
ti

on
 (

m
g/

L
)

A
ge

nt
s

D
os

e
C

m
ax

(m
g/

L
) 

bi
nd

in
g

f
T

 (
h)

t
s

su
sc

ep
ti

bl
e 

�
re

si
st

an
t �

5.
1.

1 
P

en
ic

ill
in

sa,
b,

c

be
nz

yl
 p

en
ic

ill
in

1.
2 

g 
iv

50
55

1
0.

8
2

0.
03

0.
12

0.
25

5.
1.

1.
2 

P
en

ic
ill

in
as

e-
re

si
st

an
t p

en
ic

ill
in

s
flu

cl
ox

ac
ill

in
1 

g 
iv

25
95

0.
2

1.
1

1
4

4
8

m
et

hi
ci

lli
nd

1 
g 

iv
10

30
1

0.
5

2
4

4
8

ox
ac

ill
in

d
1 

g 
iv

25
93

0.
2

�
1

2
4

2
4

5.
1.

1.
3 

B
ro

ad
-s

pe
ct

ru
m

 p
en

ic
ill

in
sa,

b

am
ox

yc
ill

in
0.

5 
g 

po
10

20
1

1
1

0.
5

1
2

am
pi

ci
lli

n
0.

5 
g 

po
5

20
1

1.
5

1
0.

5
1

2
co

-a
m

ox
ic

la
ve

0.
5 

g 
po

10
20

1
1

1
0.

5
1

2
5.

1.
1.

4 
A

nt
i-

ps
eu

do
m

on
al

 p
en

ci
lli

ns
pi

pe
ra

ci
lli

n 
	

ta
zo

ba
ct

am
e

4 
g 

iv
80

20
1

1
1

0.
12

2
4

ti
ca

rc
ill

in
 	

cl
av

ul
an

at
ee

3 
g 

iv
12

0
55

1
1.

2
1

0.
06

2
4

5.
1.

2 
C

ep
ha

lo
sp

or
in

s,
 c

ep
ha

m
yc

in
s 

an
d 

ot
he

r 
�

-l
ac

ta
m

se

C
ep

ha
lo

sp
or

in
s 

an
d 

ce
ph

am
yc

in
s

ce
fa

cl
or

50
0 

m
g 

po
15

25
1

0.
8

2
0.

5
1

2
ce

fa
dr

ox
il

10
00

 m
g 

po
15

20
1

1.
2

1
0.

25
1

2
ce

fe
pi

m
e

2 
g 

iv
50

17
1

1.
8

1
0.

25
2

4
ce

fix
im

e
40

0 
m

g 
po

3.
7

70
0.

5
3.

2
0.

5
1

1
2

ce
fo

di
zi

m
e

1 
g 

iv
75

81
0.

5
3.

3
0.

5
0.

12
2

4
ce

fo
ta

xi
m

e
2 

g 
iv

30
40

1
1.

1
1

0.
12

1
2

ce
fo

te
ta

n
2 

g 
iv

10
0

85
0.

5
3.

5
0.

5
0.

25
4

8
ce

fo
xi

ti
n

2 
g 

iv
30

72
0.

5
1

1
1

4
8

ce
fo

pe
ra

zo
ne

2 
g 

iv
12

0
90

0.
5

1.
6

1
0.

25
4

8
ce

fp
ir

om
e

2 
g 

iv
60

9
1

1.
8

1
0.

12
1

2
ce

fp
od

ox
im

e
20

0 
m

g 
po

2.
5

25
1

2.
4

1
1

1
2

ce
fp

ro
zi

l
50

0 
m

g 
po

9.
3

40
1

1.
2

1
–

–
–

ce
ft

az
id

im
e 

2 
g 

iv
 

70
10

1
2.

0
1

0.
25

2
4



Establishing MIC breakpoints

23

ce
ft

ib
ut

en
40

0 
m

g 
po

20
63

1
2

1
0.

25
1

2
ce

ft
ri

ax
on

e
2 

g 
iv

18
0

95
0.

2
7.

5
0.

5 
0.

06
1

2
ce

fu
ro

xi
m

e
75

0 
m

g 
iv

35
30

1
1.

3
1

0.
12

1
2

ce
fu

ro
xi

m
e

25
0 

m
g 

po
4.

6
30

1
1.

3
1

1
1

2
ce

ph
al

ex
in

50
0 

m
g 

po
17

10
1

1
1

0.
5

2
4

ce
fa

m
an

do
le

1 
g 

iv
60

70
0.

5
1

1
1

8
16

ce
ph

az
ol

in
1 

g 
iv

70
80

0.
5

1.
8

1
– 

–
–

ce
ph

ra
di

ne
1 

g 
iv

30
�

10
1

1
1

0.
25

2
4

O
th

er
 �

-l
ac

ta
m

se

az
tr

eo
na

m
2 

g 
iv

10
0

56
1

1.
7

1
0.

25
8

16
im

ip
en

em
1 

g 
iv

60
25

1
1

1
0.

25
4

8
m

er
op

en
em

1 
g 

iv
55

7
1

1
1

0.
25

4
8

5.
1.

3 
T

et
ra

cy
cl

in
es

de
m

ec
lo

cy
cl

in
e

30
0 

m
g

2.
0

54
1

13
0.

5
1

1
2

do
xy

cy
cl

in
e

20
0 

m
g

3.
3

8.
8

0.
5

20
0.

5
1

1
2

m
in

oc
yc

lin
e

10
0 

m
g

1.
5

76
0.

5
14

0.
5

1
0.

5
1

ox
yt

et
ra

cy
cl

in
e

25
0 

m
g

2
31

1
9.

2
0.

5
1

1
2

te
tr

ac
yc

lin
e

25
0 

m
g

1.
8

43
1

8.
5

0.
5

1
1

2
5.

1.
4 

A
m

in
og

ly
co

si
de

s
ge

nt
am

ic
in

f
1.

5 
m

g/
kg

5
�

10
%

1
2

1
1

1
2

am
ik

ac
in

g
1.

5 
m

g/
kg

5
�

10
%

1
2.

3
1

1
4

8
ne

ti
lm

ic
in

1.
5 

m
g/

kg
5

�
10

%
1

2.
2

1
1

1
2

to
br

am
yc

in
1.

5 
m

g/
kg

20
�

10
%

1
2.

3
1

1
1

2
5.

1.
5 

M
ac

ro
lid

es
er

yt
hr

om
yc

in
50

0 
m

g 
po

2
18

1
1.

2
1

1
0.

5
1/

16
h

az
it

hr
om

yc
in

50
0 

m
g 

po
0.

4
31

1
50

0.
5

1
0.

25
h /1

8h /2
cl

ar
it

hr
om

yc
in

50
0 

m
g 

po
2.

1
80

0.
5

3.
4

0.
5

1
0.

5
1/

32
h

5.
1.

6 
C

lin
da

m
yc

in
cl

in
da

m
yc

in
30

0 
m

g 
po

4
94

0.
2

2.
4

1
0.

5
0.

5
1

5.
1.

7 
So

m
e 

ot
he

r 
an

ti
bi

ot
ic

s
ch

lo
ra

m
ph

en
ic

ol
1 

g 
po

12
53

1
5/

1
0.

5
0.

25
2i

4
fu

si
di

c 
ac

id
0.

5 
g 

po
30

97
0.

2
9.

0
0.

5
0.

25
1

2
va

nc
om

yc
in

1 
g 

iv
25

50
1

8
0.

5
0.

25
4

8
te

ic
op

la
ni

n
40

0 
g 

iv
60

90
0.

5
90

0.
5

0.
25

4
8

qu
in

up
ri

st
in

/d
al

fo
pr

is
ti

n
7.

5 
m

g/
kg

 iv
7

�
70

1
1.

5
1

1
2

4
lin

ez
ol

id
62

5 
m

g 
po

12
31

1
5

0.
5

0.
5

4
8

5.
1.

8 
Su

lp
ho

na
m

id
es

 a
nd

 tr
im

et
ho

pr
im

tr
im

et
ho

pr
im

20
0 

m
g 

po
3

44
1

10
0.

5
0.

5
0.

5
1

5.
1.

9 
A

nt
it

ub
er

cu
lo

us
 d

ru
gs

ri
fa

m
pi

ci
n

60
0 

m
g 

po
85

70
1

3.
4

0.
5

0.
25

1/
0.

06
j

2/
0.

12
j

5.
1.

12
 Q

ui
no

lo
ne

s
ci

pr
ofl

ox
ac

in
50

0 
m

g
2.

5
40

1
4

0.
5

1
1/

2k
2/

4k

ga
ti

flo
xa

ci
n

40
0 

m
g

3.
5

50
1

7.
2

0.
5

0.
5

1
2



A. P. MacGowan and R. Wise

In this respect, the BSAC is similar to other European
groups. There are both benefits and drawbacks to this.
Consensus can be achieved rapidly and free from commer-
cial considerations. Conversely, lack of input from both
regulatory and commercial realities may be to the detri-
ment of the process. However, it is interesting to note that
most European breakpoints tend to be more ‘conservative’
than those of the NCCLS.

The Working Party is currently considering the follow-
ing.
• Increased input from industry
• A set protocol for the determination of tentative break-

point MICs and zone diameters including:
(i) fixed costs for the Working Party to determine the 
values;
(ii) the ability to accept input from other parties.

• Regular re-evaluation of breakpoints in the light of
increasing knowledge from pharmacodynamic studies.
Finally, the Working Party believes that the subject of

breakpoints is extremely fluid. New clinical information
becomes available, new compounds come on to the market
and automation plays an increasing role. All this requires
the Working Party to have an open-minded approach and it
welcomes input from all concerned.

Proposed interpretative breakpoints for
individual antimicrobial agents

Previously, the proposed interpretative breakpoints for
individual antimicrobial agents were defined in Tables
1.4.I, 1.4.II and 1.4.III of the last Working Party Report.5

Table 1.4.III was subsequently updated and reprinted in
1996.9 The same format is used in revised Table 1.4.I (now
Table I), Table 1.4.II (now Table II) and Table 1.4.III 
(now Table III), with the exception that antimicrobials are
now classified according to the British National Formulary
(BNF) chapter 5 subheadings.10 The use of high and low
breakpoints has been reduced and where possible, one
value is now employed. In addition, the low breakpoint
now defines the susceptible category, and the high break-
point defines the resistant category. However, two broad
groups of organisms are still recognized:
Group I: staphylococci, streptococci, Moraxella catarrhalis
and Haemophilus influenzae (Table I).
Group II: Enterobacteriaceae and Pseudomonas spp.
(Table II).

Table IV shows urinary breakpoints.
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Establishing MIC breakpoints

Table II. Breakpoint concentrations of antibiotics (mg/L) for Enterobacteriaceae and Pseudomonas spp.

Breakpoint concentration 

% protein
(mg/L)

Agents Dose Cmax (mg/L) binding f T (h) t s susceptible � resistant �

5.1.1 Penicillins
5.1.1.3 Broad-spectrum penicillinsa

amoxycillin 1 g 30 20 1 1 1 2 8 16
ampicillin 1 g 30 20 1 1.5 1 2 8 16
co-amoxiclav 1 g 30 20 1 1 1 2 8 16

5.1.1.4 Anti-pseudomonal penicillins
piperacillin 	 tazobactam 4 g iv 80 20 1 1 1 1 16 32
ticarcillin 	 clavulanate 3 g iv 120 55 1 1.2 1 0.5 16 32b/128c

5.1.2 Cephalosporins, cephamycins and other �-lactams
Cephalosporins and cephamycins

cefaclor 500 mg po 15 25 1 0.8 2 0.5 1 2
cefadroxil 1000 mg po 15 20 1 1.2 1 – – –
cefepime 2 g iv 50 17 1 1.8 1 0.12 1 2
cefixime 400 mg po 3.7 70 0.5 3.2 0.5 1 1 2
cefodizime 1 g iv 75 81 0.5 3.3 0.5 0.12 2 4
cefotaxime 2 g iv 30 40 1 1.1 1 0.12 1 2
cefotetan 2 g iv 100 85 0.5 3.5 0.5 0.25 4 8
cefoxitin 2 g iv 30 72 0.5 1 1 1 4 8
cefoperazone 2 g iv 120 90 0.5 1.6 1 0.25 4 8
cefpirome 2 g iv 60 9 1 1.8 1 0.12 1 2
cefpodoxime 200 mg po 2.5 25 1 2.4 1 1 1 2
cefprozil 500 mg po 9.3 40 1 1.2 1 – – –
ceftazidime 2 g iv 70 10 1 2.0 1 0.25 2b/8c 4b/16c

ceftibuten 400 mg po 20 63 1 2 1 0.25 1 2
ceftriaxone 2 g iv 180 95 0.2 7.5 0.5 0.06 1 2
cefuroxime 750 mg po iv 35 30 1 1.3 1 1 8 32
cephalexin 500 mg po 17 10 1 1 1 0.5 2 4
cefamandole 1 g iv 60 70 0.5 1 1 1 8 16
cephazolin 1 g iv 70 80 0.5 1.8 1 – – –
cephradine 1 g iv 30 �10 1 1 1 0.25 2 4

Other �-lactams
aztreonam 2 g iv 100 56 1 17 1 0.25 8 16
imipenem 1 g iv 60 25 1 1 1 0.25 4 8
meropenem 1 g iv 55 7 1 1 1 0.25 4 8

5.1.3 Tetracyclines
demeclocycline 300 mg 2.0 54 1 13 0.5 1 1 2
doxycycline 200 mg 3.3 8.8 0.5 20 0.5 1 1 2
minocycline 100 mg 1.5 76 0.5 14 0.5 1 0.5 1
oxytetracycline 250 mg 2 31 1 9.2 0.5 1 1 2
tetracycline 250 mg 1.8 43 1 8.5 0.5 1 1 2

5.1.4 Aminoglycosides
gentamicin 1.5 mg/kg 5 �10 1 2 1 1 1 2b/8c

amikacin 1.5 mg/kg 5 �10 1 2.3 1 1 4 8b/32c

netilmicin 1.5 mg/kg 5 �10 1 2.2 1 1 1 2b/8c

tobramycin 1.5 mg/kg 20 �10 1 2.3 1 1 1 2b/8c

5.1.7 Some other antibiotics
chloramphenicol 1 g po 12 53 1 5.1 0.5 1 8 16
colistin 3 MU iv 15 �10 1 2.1 1 1 4 8

5.1.8 Sulphonamides and trimethoprim
trimethoprim 200 mg po 3 44 1 10 0.5 0.5 0.5 4
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Table II. (Continued)

Breakpoint concentration 

% protein
(mg/L)

Agents Dose Cmax (mg/L) binding f T (h) t s susceptible � resistant �

5.1.12 Quinolones
ciprofloxacin 500 mg 2.5 40 1 4 0.5 1 1 2b/8c

gatifloxacin 400 mg 3.5 50 1 7.2 0.5 0.5 1 2
gemifloxacin 320 mg 1.1 60 1 7 0.5 0.25 0.25 0.5
levofloxacin 500 mg 5.5 30 1 7.4 0.5 0.75 2 4
moxifloxacin 400 mg 3.1 50 1 12 0.5 0.75 1 2b/8c

ofloxacin 400 mg 4.8 40 1 6 0.5 1 2 4b/16c

aRefers to iv doses only.
bBreakpoint for Enterobacteriaceae.
cBreakpoint for Pseudomonas spp.

Table III. Summary of breakpoint recommendations (concentration in mg/L)

Group 1 Group 2
Staphylococci, streptococci, M. catarrhalis,
H. influenzae Enterobacteriaceae, Pseudomonas spp.

susceptible � resistant � susceptible � resistant �

5.1.1 Penicillins
benzylpenicillina 0.12 0.25 – –

5.1.1.2 Penicillinase-resistant penicillins 
flucloxacillin 4 8 – –
methicillin 4 8 – –
oxacillin 2 4

5.1.1.3 Broad-spectrum penicillins
amoxycillin 1 2 8 16
ampicillin 1 2 8 16
co-amoxiclav 1 2 8 16

5.1.1.4 Anti-pseudomonal penicillins
piperacillin 	 tazobactam 2 4 16 32
ticarcillin 	 clavulanate 2 4 16 32b/128c

5.1.2 Cephalosporins, cephamycins and other �-lactams
cefaclor 1 2 1 2
cefadroxil 1 2 – –
cefepime 2 4 1 2
cefixime 1 2 1 2
cefodizime 2 4 2 4
cefotaxime 1 2 1 2
cefotetan 4 8 4 8
cefoxitin 4 8 4 8
cefoperazone 4 8 4 8
cefpirome 1 2 1 2
cefpodoxime 1 2 1 2
cefprozil – – – –
ceftazidime 2 4 2b/8c 4b/16c

ceftibuten 1 2 1 2
ceftriaxone 1 2 1 2
cefuroxime iv 1 2 8 32
cefuroxime po 1 2 1 2
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Table III. (Continued)

Group 1 Group 2
Staphylococci, streptococci, M. catarrhalis,
H. influenzae Enterobacteriaceae, Pseudomonas spp.

susceptible � resistant � susceptible � resistant �

cephalexin 2 4 2 4
cefamandole 8 16 8 16
cephazolin – – – –
cephradine 2 4 2 4
aztreonam 8 16 8 16
imipenem 4 8 4 8
meropenem 4 8 4 8

5.1.3 Tetracyclines
demeclocycline 1 2 1 2
doxycycline 1 2 1 2
minocycline 0.5 1 0.5 1
oxytetracycline 1 2 1 2
tetracycline 1 2 1 2

5.1.4 Aminoglycosides
gentamicin 1 2 1a 2b/8c

amikacind 4 8 4 8b/32c

netilmicin 1 2 1 2b/8c

tobramycin 1 2 1 2b/8c

5.1.5 Macrolides
erythromycin 0.5 1/16e – –
azithromycin 0.25e 8e/2 – –
clarithromycin 0.5 1/32e – –

5.1.6 Clindamycin
clindamycin 0.5 1 – –

5.1.7 Some other agents
chloramphenicol 2 4 8 16
fusidic acid 1 2 – –
vancomycin 4 8 – –
teicoplanin 4 8 – –
colistin 4 8 4 8
quinupristin/dalfopristin 2 4 – –
linezolid 4 8 – –

5.1.8 Sulphonamides and trimethoprim
trimethoprim 0.5 1 0.5 4

5.1.9 Anti-tuberculosis
rifampicin 0.06 0.12 – –

5.1.12 Quinolones
ciprofloxacin 1/2f 2/4f 1 2
gatifloxacin 1 2 1 2
gemifloxacin 0.25 0.5 0.25 0.5
levofloxacin 2 4 2 4
moxifloxacin 1 2 1 2
ofloxacin 2 4 2 4b/16c

aFor S. pneumoniae, a breakpoint of �0.06 mg/L implies susceptible, 0.12–1 mg/L intermediate and �2 mg/L resistant. Organisms with an MIC 
�1 mg/L are considered susceptible to �-lactam antibiotics, except in infections of the CNS.
bBreakpoint for Enterobacteriaceae.
cBreakpoint for Pseudomonas spp.
dFor staphylococci, a breakpoint of �4 mg/L implies susceptible, 8–16 mg/L intermediate and �32 mg/L resistant.
eBreakpoint for H. influenzae.
fBreakpoint for S. pneumoniae.
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Table IV. Breakpoint concentrations (mg/L) for isolates from uncomplicated urinary tract infectionsa

Group 1 Group 2
Enterococci, staphylococci, streptococci E. coli, Proteus spp., coliforms, Pseudomonas spp.

susceptible � resistant � susceptible � resistant �

Ampicillin 32 64 32 64
Co-amoxiclav 32 64 32 64
Cephalexin 32 64 32 64
Mecillinam 64b 128b 1 16
Fosfomycin 128 256 128 256
Nitrofurantoin 32 64 32 64
Trimethoprim 2 4 2 4
Nalidixic acid 16 32 16 32
Norfloxacin 4 8 4 8
Ciprofloxacin 4 8 4 8

aFor agents not listed, criteria given for systemic isolates may be used.
bFor S. saprophyticus.


