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Foreword
During the past decade, the development of bacteria that are multi-resistant to antibiotics
has made headline news. Health organisations and authorities are concerned for the
future treatment of common bacterial diseases. Guidelines and campaigns on the
“responsible use of antibiotics” have been developed in an attempt to change people’s
behaviour towards antibiotic use.
Since human and animal microbial ecosystems are inextricably intertwined, the use
of antibiotics in animal husbandry also needs to be addressed. Antibiotic resistance
arising in animals affects zoonotic pathogens, but also animal commensals such as
Escherichia coli, which may act as a reservoir for resistant genes in the environment1.
Although the impact on human health of antibiotic use in veterinary medicine is not
quantifiable, it is unlikely to be null. We, from Boehringer Ingelheim, believe that we have
to ensure the prolonged usefulness of antibiotics for both human health and animal
wellbeing.
The dairy industry uses relatively low volumes of antibiotics compared to other husbandry
systems. There is still room to improve though, especially with regard to the type of
antibiotics used2. Setting up treatment protocols can help to steer farms towards a
correct use of antibiotics. Such protocols only make sense when they are based on
regular bacteriological milk sampling and evaluation of their success. Antimicrobial
susceptibility testing of bacteria can be helpful in setting up treatment protocols, as well
as in monitoring the possible emergence of resistance.
This guide is intended for veterinary practices and labs that perform milk sample testing.
It does not cover pathogen identification, but describes the performance and interpretation
of disc diffusion susceptibility tests. We hope this guide will help to enhance the quality of
such susceptibility tests and the satisfaction in performing them.
Best regards,
Elke Abbeloos
Sr. Global Technical Manager
Boehringer Ingelheim Animal Health

1. Durso and Cook 2014. Current opinion in microbiology 19: 37–44
2. Obritzhauser. Buiatricsforum 2013; Brunton et al., 2012. Vet Rec, 171: 296–297
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The importance of sensitivity testing
Successfully treating mastitis starts with an appropriate drug choice. Microbiological
culturing and antibiotic susceptibility testing are still the most feasible options worldwide
to determine which antimicrobial has the best chance for success. Even when the cow is
treated prior to obtaining the results, the information is still valuable to assess whether
the antimicrobial used was appropriate. If the cow is suffering from a recurrence of
the problem, the correct treatment can be initiated more quickly, especially when the
bacteria appeared to be resistant to the product that was initially used. Moreover, a
summary of records of susceptibility results can be used to establish a pattern of which
antimicrobials work and which do not for different types of infections on a specific farm
over time.
However, using antimicrobials based on in vitro susceptibility is not a guarantee for
success. The test measures the growth response of an isolated organism in the presence
of a particular drug under standardised conditions. One should take into account that
the in vivo situation is far more complex. Staphylococcus aureus bacteria, for instance,
are able to hide inside immune cells or to form a biofilm. By doing so, they protect
themselves from being killed or inhibited by the given antimicrobials. The success of
mastitis therapy also depends on factors such as the appropriateness of the route of
administration, the stage at which treatment is initiated, the severity of the inflammatory
reaction and the cow’s immunity. Those factors might distort the relationship between
the susceptibility results and the clinical outcome in one or the other way.
Those downsides do not outweigh the benefits of susceptibility testing. Combining the
results of microbiological cultures and susceptibility testing with clinical information and
experience is still very useful in setting up a herd-specific, standard mastitis treatment
protocol. Such a herd treatment protocol is yet the only option available to limit the
number of treatments, track their success and, above all, to keep frustrations of both
farmers and vets due to treatment failure to a minimum.

Dr. Sofie Piepers
M-team University Ghent
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SELECTION OF ANTIMICROBIAL AGENTS
The number of antimicrobial agents that

penicillin and penethamate. Susceptibil-

can be applied in a routine test is limited. To

ity is tested with a penicillin (1 unit) disc.

make testing relevant and practical, it makes
sense to include those antibiotics for which
commercial preparations are available
on the market. In most antibiotic groups,
representative molecules can be selected
with the same spectrum of activity and full
cross-resistance. This approach can deliver
reliable and consistent results. In some antibiotic classes, such as the aminoglycosides,
this is not possible. All molecules of this
group show incomplete cross-resistance.
However, in general, testing each antimicrobial available on the market is not necessary.
In addition to choosing representatives of
antibiotic classes, discs that test for specific types of antimicrobial resistance should
also be added. An example of this is cefoxitin for MRSA detection in Staphylococcus
spp. and cefotaxime for ESBL detection in
Enterobacteriaceae.

Antimicrobial classes
Only those antimicrobial classes that are
relevant in the treatment of mastitis are
mentioned in this manual.

Penicillins
■ Narrow-spectrum, β-lactamase-susceptible penicillins are primarily active against
non-β-lactamase-producing, Gram-positive bacteria such as streptococci and
staphylococci. They also act against some
fastidious bacteria such as Pasteurella.
This group consists of: benzathine penicillin, benzyl penicillin (pen G), procaine
8

■ Narrow-spectrum, β-lactamase- resistant penicillins are also active against
Gram-positive bacteria such as streptococci and staphylococci, including the
β-lactamase-producing Staphylococcus
spp. This group consists of cloxacillin,
dicloxacillin, flucloxacillin, methicillin,
nafcillin and oxacillin. Susceptibility of
staphylococci is tested with a cefoxitin
disc (30 µg), that of streptococci with an
oxacillin disc (1µg).
■ Moderate-spectrum penicillins (ampicillin and amoxicillin) are active against
streptococci,

non-β-lactamase-produ-

cing staphylococci as well as against
Gram-negative species, including some
members of Enterobacteriaceae such as
E. coli, Citrobacter and Enterobacter spp.
This group consists of ampicillin and
amoxicillin. The susceptibility of Enterobacteriaceae is tested with an ampicillin
disc (10 µg), that of staphylococci and
streptococci with a penicillin disc (1 unit).

β-lactamase inhibitor
combinations
These antimicrobial agents are combina-

discs (30 µg) are used for staphylococci

tions that include a penicillin-class antimi-

and penicillin discs (1 unit) are used for

crobial agent and a second agent that has

streptococci.

minimal antimicrobial activity, but functions as an inhibitor of most β-lactamases.
In veterinary medicine, only clavulanic acid
is currently used in some countries in combination therapies against mastitis.

■ Third and fourth generation cephalosporins have a broad spectrum of
activity both for Gram-positive and
Gram-negative bacteria. They are generally resistant to a broad spectrum of

The susceptibility of staphylococci to amox-

β-lactamases, which makes them es-

icillin with clavulanic acid is tested with a

pecially valuable for the treatment of

cefoxitin disc (30 µg), and the susceptibility

Gram-negative

of Enterobacteriaceae with an amoxicillin/

resistance occurs and their use should

clavulanic acid disc (20/10 µg). Strepto-

be carefully considered*. This group

cocci are not able to produce β-lactamase,

consists of ceftiofur, cefoperazone and

therefore testing is not applicable.

cefquinome. The susceptibility of En-

Cephalosporins
The various representatives of cephalosporins can have a somewhat different activity
against Gram-positive and Gram-negative
bacteria. These agents are often referred to
as 1st, 2nd, 3rd and 4th generation cephalosporins, based on the extent of their activity against the more antimicrobial-resistant,

infections.

However,

terobacteriaceae to these antimicrobials
can be assessed with a cefotaxime disc
(5 µg); however, the use of a disc with
the specific therapeutic antimicrobial
could result in different outcomes. The
susceptibility of staphylococci is tested
with a cefoxitin disc (30 µg) and streptococcal susceptibility is assessed with
a penicillin disc (1 unit).

Gram-negative bacteria.
■ First (and second) generation cephalosporins are active against Gram-positive streptococci and staphylococci,
including the β-lactamase-producing
staphylococci, but not against methicillin-(oxacillin) resistant staphylococcus (e.g. MRSA or methicillin-resistant
Staphylococcus aureus). They are active
against wild types of Enterobacteriaceae.
This group includes cefalexin, cefalonium, cefalotin and cefapirin. Cefalexin

*Note:

According to the WHO,
3rd and 4th generation
cephalosporins are considered
to be very critical antibiotics
for human medicine and their
use in veterinary medicine
should therefore be carefully
considered.

(30 µg) discs are used to test the susceptibility of Enterobacteriaceae, cefoxitin
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Aminoglycosides

Lincosamides

Aminoglycosides are bactericidal anti-

Lincosamides are moderate-spectrum an-

microbials with both Gram-positive and

timicrobial drugs. These molecules inhibit

Gram-negative activity. Generally, this in-

protein synthesis and include lincomycin,

cludes

(including

clindamycin and pirlimycin. They are effica-

β-lactamase- producing species) and Entero-

cious against most Gram-positive bacteria

bacteriaceae. Streptocococcus spp. are natu-

(staphylococci, streptococci, but not en-

rally resistant to all molecules of this class.

terococci) and against Gram-positive and

Staphylococcus

spp.

This group of chemically-related drugs includes, among others, kanamycin, streptomycin, neomycin, gentamicin and spectinomycin. Framycetin is one of the compounds

-negative anaerobe bacteria. These drugs
are not active against most aerobic or facultative aerobic Gram-negative bacteria such
as Enterobacteriaceae.

of neomycin; in fact, it is its strongest-acting

Susceptibility is tested with a clindamycin

compound. Aminoglycosides are affected in

disc (2 µg) and inducible resistance is tested

variable ways by bacterial inactivating en-

with a side-by-side test next to an erythro-

zymes, which results in differences in their

mycin disc (15 µg) (see Special cases).

spectrum of activity. For this reason, each
for a reliable evaluation of its efficacy.

Trimethoprim
and Sulfonamides

Susceptibility is tested with a kanamycin disc

Sulfonamides are broad-spectrum antimi-

(30 µg), a neomycin disc (10 µg), a gentamicin

crobial agents usually combined with tri-

disc (10 µg) and an amikacin disc (30 µg).

methoprim because of the synergy between

aminoglycoside should be tested separately

both molecules. This combination affects

Macrolides

different steps of the production of folic acid

Macrolides are bacteriostatic agents that in-

for DNA synthesis. Their spectrum includes

hibit protein synthesis. This group includes

Gram-positive and Gram-negative bacteria

erythromycin, gamithromycin, tilmicosin, tu-

and some protozoa. However, they are not

lathromycin and tylosin. They are ac-

active against anaerobe bacteria and at lo-

and thus that of purines, which are equired

tive against staphylococci and
streptococci although resist-

*Note:

ance occurs. The masti-

According to the WHO,
macrolides are considered
to be very critical antibiotics
for human medicine and their
use in veterinary medicine
should therefore be carefully
considered.

tis-causing, Gram-negative Enterobacteriaceae

Trimethoprim-sulfonamide combinations
(TMPS) are active against staphylococci,
streptococci and Enterobacteriaceae.

and Pseudomonas spp.

Susceptibility is tested with a Trimethop-

are naturally resistant.

rim-sulfamethoxazole disc (1.25-23.75 µg

Susceptibility is tested

= 25 µg).

with an erythromycin
disc (15 µg).
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Tetracyclines

Combinations

Tetracyclines are bacteriostatic antimicro-

Several antimicrobial combinations have

bials, which have a broad spectrum of activi-

been approved for intramammary use. Espe-

ty against Gram-positive and Gram-negative

cially for the combinations where a synergy

bacteria. This group includes tetracycline,

has been proven against mastitis pathogens,

oxytetracycline, chlortetracycline and doxy-

the separate testing of molecules will under-

cycline and susceptibility is tested with a

estimate sensitivity. Testing of the combina-

tetracycline disc (30 µg).

tion at ratios that are likely to be reached in

Quinolones

the udder is therefore advised.
Cefalexin/kanamycin is an example of a

This group includes the older quinolones

combination with established synergy3

(e.g. nalidixic acid) and the newer fluoro-

against Staphylococcus aureus, Strepto-

quinolones, such as danofloxacin, enro-

coccus uberis, Streptococcus dysgalactiae

floxacin, marbofloxacin. All quinolones

and Escherichia coli. Susceptibility is tested

act by blocking DNA replication, and some

with a cephalexin-kanamycin disc (C 15µg/

quinolones also act on non-dividing bacte-

K 30 µg).

ria. Especially the newer fluoroquinolones
have a broad spectrum of activity against
aerobic Gram-negatives and Gram-positives. They have a good activity against
staphylococci and Enterobacteriaceae.
Susceptibility is tested with an enrofloxacin disc (5 µg) or a ciprofloxacin disc (5 µg).

3. Ganière et al. 2009. Synergistic interactions between
cefalexin and kanamycin in Mueller-Hinton broth medium
and in milk. Journal of Applied Microbiology, 107: 117-125

*Note:
According to the WHO,
fluoroquinolones are considered
to be very critical antibiotics
for human medicine and their
use in veterinary medicine
should therefore be carefully
considered.
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Establishing antimicrobial panels
Panels should be based on the availability of commercial pharmaceutical formulations. It is
practical to prepare separate panels for Gram-positive and Gram-negative isolates.

Gram-positives
1. The benzylpenicillin disc (1 unit) is used to test the susceptibility of Staphylococcus spp. and
Streptocococcus spp. to penicillin (and penethamate). For these Gram-positives, penicillin can
be also taken as a representative for moderate-spectrum penicillins such as ampicillin and
amoxicillin. To evaluate β-lactamase production in staphylococci, not only the size but also the
character of the edges of the diffusion zone should be taken into account (see Special cases).
2. The cefoxitin disc (30 µg) is used as a reliable test for the presence of the mecA gene in Staphylococcus
spp. (MRSA). Staphylococci susceptible to cefoxitin are considered to be susceptible to narrowspectrum, β-lactamase-resistant penicillins, to β-lactam/ β-lactamase combinations (amoxicillin/
clavulanic acid), and to all classes of cephalosporins. Cefoxitin-resistant strains (MRSA) are
considered to be resistant to all β-lactams (see Special cases). In streptococci, oxacillin (1µ) needs
to be tested separately from penicillin. Although streptococci do not produce β-lactamase, more
cases are reported where streptococci are resistant to oxacillin despite penicillin sensitivity.
3. Aminoglycosides can be tested with a neomycin disc (10 µg) for S. aureus and Enterobacteriaceae,
a gentamicin disc (10 µg) and a kanamycin disc (30 µg) for all bacterial species and an amikacin
disc (30 µg) for staphylococci. None of these discs can predict resistance for the complete antibiotic
class. The neomycin disc can be used to assess susceptibility to framycetin as well.
4. The erythromycin disc (15 µg) is used to test macrolide susceptibility in staphylococci and
streptococci. This disc is always used next to a clindamycin disc to evaluate inducible clindamycin
resistance (see Special cases).
5. The clindamycin disc (2 µg) is used to test the susceptibility of staphylococci and streptococci to
pirlimycin and lincomycin. Inducible clindamycin resistance is tested with the D-test (see Special
cases).
6. The trimethoprim-sulfamethoxazole disc (25 µg) is used to test the susceptibility of staphylococci
and streptococci to trimethoprim-sulfona-mide combinations.
7. The tetracycline disc (30 µg) disc is used to test susceptibility of staphylococci and streptococci
to this group of antimicrobials.
8. The ciprofloxacin disc (5 µg) or the enrofloxacin disc (5 µg) are used to test the susceptibility of
staphylococci and streptococci to fluoroquinolones.
9. The cefalexin/kanamycin disc (C 15 µg/K 30 µg) is used to test the susceptibility of staphylococci
and streptococci to Ubrolexin®. The penicillin/framycetin disc (P 1 IU/F 100 µg) is used to test
the susceptibility of staphylococci and streptococci to Ubrostar®.
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Gram-negatives
1. The ampicillin disc (10 µg) is used to test the susceptibility of
Enterobacteriaceae to ampicillin and amoxicillin.
2. The amoxicillin-clavulanic acid disc (20 -10 µg) is used to test the
susceptibility of Enterobacteriaceae to amoxicillin-clavulanic acid
combinations. Note: if Gram-negative bacteria test resistant to
the combination amoxicillin- clavulanic acid, they should also be
reported as resistant to ampicillin (see Special cases).
3. The cefalexin (30 µg) is used to test Enterobacteriaceae to first and
second generation cephalosporins such as cefalexin and cefapirin.
4. The cefotaxime disc (5 µg) is used to test for resistance to all
β-lactams. Enterobacteriaceae resistant to cefotaxime are considered
to be clinically resistant to all penicillins and cephalosporins and
β-lactam inhibitor combinations, even though the diameters for
these antimicrobials indicate susceptibility (see Special cases).
5. Aminoglycoside susceptibility can be tested with a neomycin
disc (10 µg), a gentamicin disc (10 µg), a kanamycin disc (30 µg)
and an amikacin disc (30 µg) for the specific susceptibility of
Enterobacteriaceae to each antimicrobial separately.
6. The trimethoprim-sulfamethoxazole disc (25 µg) is used to test the
susceptibility of Enterobacteriaceae to trimethoprim-sulfonamide
combinations.
7. The tetracycline disc (30 µg) disc is used to test susceptibility of
Enterobacteriaceae to this group of antimicrobials.
8. The ciprofloxacin disc (5 µg) or enrofloxacin disc (5 µg) is used for
testing the susceptibility of Enterobacteriaceae to fluoroquinolones.
9. The cefalexin/kanamycin disc (C 15 µg/K 30 µg) is used for testing
the susceptibility of E.coli to Ubrolexin®. The penicillin/framycetin
disc (P 1 IU/F 100 µg) is used to test the susceptibility of E. coli to
Ubrostar®.

Enterococcal infections in bovine
mastitis occur; nevertheless, they
are not widespread. During bacterial
isolation, they are often misidentified as
streptococci. Enterococci are resistant
(natural and acquired resistance) to
various antibiotics.
◗ Susceptibility to penicillins in
enterococci can be tested with an
ampicillin disc (2µg). Enterococci
resistant to ampicillin can be
considered resistant to all penicillins
including amoxicillin and amoxicillin
with clavulanic acid.
◗ All enterococci are naturally resistant
to cephalosporins, in vitro outcomes
should be disregarded.
◗ All enterococci are naturally resistant
to aminoglycosides, although synergy
with β-lactams may occur.
◗ Resistance against macrolides
amongst enterococci is widespread.
◗ Quinolones are generally only
moderately active against enterococci.
Several genetic mutations can
cause resistance to quinolones in
enterococci.

Selective reporting
Translating reference molecules to commercial preparations will enhance the practical use of the lab results. An example of a therapeutic
guide for mastitis pathogens and antimicrobials is given in addendum 1.
13
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Method and guidelines
There are two international organisations
that set up guidelines and interpretive
breakpoints for bacteriology and susceptibility testing.

Possible testing methods
Agar disc diffusion
The agar disc diffusion test is the most

The CLSI or Clinical and Laboratory Stand-

widely used and versatile method for anti-

ards Institute is a non-profit organisation

microbial susceptibility testing (AST) of a

with a mission to develop clinical and lab-

majority of bacterial pathogens. The metho-

oratory practices and promote their use

dology for this test is described further in this

worldwide. Their laboratory testing stand-

manual.

ards are based on input from and consensus among the industry, governments and
healthcare professionals. The CLSI has a
Veterinary Subcommittee that approves
clinical interpretive breakpoints: this means
that the breakpoints of sensitivity discs are
related to the actual clinical cure for a certain disease.
The EUCAST or European Committee on
antimicrobial susceptibility testing is jointly
organised by institutions linked to the European Union such as EMA (European Medicines Agency). EUCAST has formed a Veterinary Committee on Antimicrobial Susceptibility Testing (VetCAST). This committee is aimed at dealing with antimicrobial
susceptibility testing of bacterial pathogens
of animal origin and animal bacteria with
zoonotic potential. VetCAST plans to define
clinical MIC breakpoints for new veterinary
antimicrobial agents, review breakpoints
for generic drugs and give advice on the
bacterial spectrum of veterinary antimicrobial agents.
This handbook is based on the CLSI guidelines, unless otherwise specified.

When performed according to recommendations, with careful standardisation and
the use of quality controls, disc diffusion is
a reproducible and accurate method for AST.

Broth microdilution
The broth microdilution test is not further
described in this manual. Disc diffusion
zone diameters and MIC breakpoints from
broth microdilution are correlated. However,
the zone diameters may not correspond precisely to the listed MIC breakpoints due to
differences in the methodologies. Therefore,
extrapolation of inhibition zones to MIC values is not possible.

Disc diffusion
Materials needed
Media
◗ Mueller-Hinton agar (MHA) without supplements for Enterobacteriaceae, staphylococci and enterococci.
◗ Mueller-Hinton agar with blood (MH-F)
for streptococci.
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Figure 1. Use MuellerHinton agar with blood
(MH-F plates; left)
for streptococci and
Mueller-Hinton agar
(MHA, right) without
supplements for
Enterobacteriaceae,
staphylococci and
enterococci.

For streptococci,
the EUCAST recommends
MH-F agar (Mueller-Hinton
agar with 5 % horse blood and
20 mg/l beta-NAD), while the
CLSI recommends MH agar
with 5 % sheep blood. The
breakpoints published by each
organisation are set using their
own recommended
plates.

Figure 2. Antimicrobial paper discs for each antimicrobial to be tested.
15
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Paper discs
◗ Antimicrobial paper discs for each antimicrobial to be tested, with the correct dose
for the bacterial species to be tested.
◗ Discs can be dispensed with single dispensers or multi dispensers.
◗ Discs have to be stored in accordance with

Standardisation of the
concentration of the
Tips
inoculum is important.
If you take too many
colonies, the bacteria will
be able to overgrow the antibiotic. The
resulting inhibition zone will be too small
and the bacteria incorrectly identified as
resistant.

the guidelines to ensure correct results.

Sterile inoculating loop
(10 µl size)
◗ Disposable plastic inoculating loops or
wired inoculating loops (with a Bunsen
burner for sterilisation) are used for inoculation of the plates with one loop full
of milk.
◗ In case mixed cultures grow from milk samples, single colonies can be picked with a
sterile inoculating loop to subculture pure
colonies.

Instructions
Obtain single
identified colonies
■ With milk obtained aseptically from a
mastitic quarter, streak to obtain single
colonies on blood agar (Fig. 4). One loop
(10 µl) of milk is used to inoculate each
plate. When necessary, subculture to obtain pure colonies before preparation of
the disc diffusion test.
■ Make an identification of the pure isolate(s). Since breakpoints vary for different species, sensitivity testing without correct identification has very little
value.
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Preparation
of the inoculum
■ Suspend 3-5 similar colonies from the
agar plate using a sterile loop or cotton
swab and suspend in 4-5 ml of sterile
0.9% saline.

■ The density of the colony suspension (inoculum) should be equivalent to 0.5 McFarland and is preferably measured with a
photometric device. Alternatively, a 0.5
McFarland standard can be used to visually compare the inoculum.

■ The density can be adjusted by adding
more organisms if the density is less than
0.5, or adding more saline if the density is
more than 0.5 McFarland.

Application of the inoculum
■ The inoculum should be used within
15 minutes of preparation.
■ A sterile cotton swab is immersed in the
inoculum and excess fluid removed by
turning the swab against the inside of
the tube to avoid over-inoculation of the
plates.
■ The inoculum is spread evenly over the
entire surface of the plate by swabbing
in three directions.

M et h o d an d gui d elines

Sterile swabs

Figure 3. Sterile swabs are used to pick colonies
for preparation of the inoculum, and for application
of the prepared inoculum on the AST plates.

Figure 4. Diagram of a plate-streaking technique and an example
of the result of this technique for S. aureus from milk. The goal is
to dilute the numbers of bacteria growing in each successive area
of the plate as it is rotated and streaked so that isolated colonies
will appear on the plate. This technique will enable picking single
colonies for AST testing.

Figure 5. The density of the inoculum should be equivalent
to 0.5 McFarland and is preferably measured with a
photometric device. Alternatively, a 0.5 McFarland standard
can be used to visually compare the inoculums.

17
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Application of discs

Examination of plates

■ Apply the discs firmly on the agar within

Examine the growth on the plates. A correct

15 minutes of preparing the inoculum

inoculum results in confluent, even growth,

(otherwise the bacteria start to grow be-

with circular inhibition zones. If individu-

fore the discs have been applied, altering

al colonies can be seen, the inoculum is too

the sizes of the inhibition zones).

light and the test must be repeated.

■ The number of discs should be limited
so that overlapping of zones is avoided.

Reading the zones

Use no more than six discs on a standard

■ Zone edges should be read at the point of

90 mm plate, eight discs on a 100 mm

complete inhibition as judged by the naked

plate and 12 on a 150 mm circular plate.

eye with the plate held at about 30 cm from
the eye.

Incubation of plates
■ Invert the plates and incubate them

■ Measure the zone diameter with a ruler, calliper or an automated zone reader.

within 15 minutes of disc application.

■ Read MHA plates from the back against a

Over-stacking of plates in the incubator

dark background illuminated with reflected

may influence the distribution of heat.

light (Fig. 7).

■ Incubate the plates for 16-20 hours at
35 ± 2 °C before reading.
■ Incubate Enterobacteriaceae, staphylococci and enterococci in ambient air and
streptococci in 4-6 % CO2 enriched air.

■ Read MH-F plates from the front with the
lid removed illuminated with reflected light
(Fig. 8). The plates have to be tilted in the
light in order to correctly distinguish the
outer zones of inhibition.

■ If distinct colonies are observed within an
inhibition zone, subculture the colonies,
check for purity and repeat the test if necessary. When the colony found within the
diffusion zone is not a contamination, the
test has to be reported as resistant.

Tips
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◗ Store discs, including those in dispensers,
in sealed containers with a desiccant and
protect from light.
◗ Store backup stocks at -20 °C unless
indicated otherwise by the supplier.
◗ Store working supplies of discs at < 8 °C.
◗ To prevent condensation, allow discs to
warm to room temperature before opening
containers.
◗ Dispose of discs appropriately once the
expiry date has passed.

Reflected light means that a spotlight is
directed towards the plate and the light
from the spotlight is reflected from the
plate to your eyes. This can be seen in
figures 8 and 9. It is generally advised
that a spotlight is used in the lab for
proper inspection of plates.

M et h o d an d gui d elines

Figure 6. A visual 0.5 McFarland standard.

Figure 7. Measure the zone diameter with a ruler,
calliper or an automated zone reader. Read MHA
plates from the back against a dark background
illuminated with reflected light.

Figure 8. For correct reading and measuring of
MH-F plates, they have to be evaluated without
the lid and illuminated with reflected light. The
plates have to be tilted in the light for correct
visualisation of the inhibition zones.
19
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Special cases
Ampicillin (Enterobacteriaceae)
Ignore any fine growth that may appear as
an inner zone on some batches of MHA.

Detection of inducible
clindamycin resistance4 (D-test)
(Staphylococci and streptococci)
Some resistance genes need to be triggered

Penicillin (S. aureus)
Sharp zone edges are an indication for resistance in staphylococci (β-lactamase production). Disc diffusion is very reliable for the
detection of β-lactamase producers, provided that the zone diameter is measured and
the zone edge is closely inspected. Examine
with transmitted light (plate held up to light).
S. aureus with a sharp zone edge (see Fig. 10)
and zone diameter > 26 mm = Resistant.

before they come into action. Such “triggering” is more easily induced in the animal
than on an agar plate. A simple in vitro test
would therefore report them as susceptible, while in the animal, the resistant gen
would become active and protect the bacteria against the antibiotic. Such “inducible
resistance” exists for clindamycin. It can be
triggered by placing a macrolide agent on
the same plate.
Place an erythromycin disc and a clindamy-

Inducible AmpC resistance
(Enterobacteriaceae)
AmpC is a resistance gene that codes for

cin disc next to each other (for staphylococci 12-20 mm apart, for streptococci 12-16
mm apart).

β-lactamase. AmpC is not always expressed

Inspect plates illuminated with reflected

to the same extent in some Enterobacte-

light. In case of inducible clindamycin re-

riaceae. It has to be induced by an antimi-

sistance, the diffusion zone of the clinda-

crobial first: clavulanic acid and cefotaxime

mycin disc will reveal a typical D- shaped

are strong inducers, ampicillin is only a

zone with flattening at the side next to the

moderate inducer. For this reason, Entero-

erythromycin disc (Fig. 11).

bacteriaceae that are reported as resistant
to cefotaxime or to amoxicillin/clavulanic
acid must be reported as resistant to all
penicillins and cephalosporins.

Trimethoprim-sulfamethoxazole
(all bacteria)
Sometimes fuzzy zones appear. In this case,
inner zones are the ones to be measured.
Ignore haze or faint growth up to the disc
within an otherwise clear zone (Fig. 9).

4. Fiebelkorn KR et al., 2003. Practical disc diffusion
method for detection of inducible clindamycin resistance
in Staphylococcus aureus and coagulase-negative
staphylococci. J. Clin. Microbiology Oct.; 41 (10): 4740-4.
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Figure 9. For trimethoprim-sulfamethoxazole,
read the inner zones when double zones appear.
Ignore haze or faint growth up to the disc within
an otherwise clear zone.

Figure 10. Penicillin-resistant S. aureus with sharp zone on the left, and penicillin-susceptible S. aureus
with a fuzzy zone edge on the left.

Figure 11. Typical appearance of inducible
clindamycin resistance with a D-shaped zone
as a result of a reduced zone diameter at the
side next to the erythromycin disc.
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Criteria for disc diffusion
Gram-positive panel – Staphylococci and streptococci
Table 1
Antimicrobial

Disc

Bacteria

Zone

Reference

S(≥)

R (<)

STAPH

26

26

STREP

18

18

STREP

18

18

SAU

22

22

CNS

25

25

SAU

14

14

SAU

18

18

CNS

22

22

All bacteria

18

14

Observations

ß-lactams
Benzylpenicillin

1 unit

Oxacillin

1 µg

Cefoxitin

30 µg

EUCAST1
Preliminary
breakpoint
EUCAST1

MecA screen

Aminoglycosides
Neomycin

10 µg

Gentamicin

10 µg

Kanamycin

30 µg

Amikacin

30 µg

SAU

18

16

CNS

22

19

STAPH and STREP

21

18

STAPH

22

19

STREP

17

17

STAPH

17

14

STREP

18

15

STAPH

22

19

STREP

23

20

ECOFF proposed
by EUCAST
EUCAST1
CLSI2
EUCAST1

Macrolides
Erythromycin

15 µg

EUCAST1

Lincosamides
Clindamycin

2 µg

EUCAST1

Trimethoprim sulfonamide combinations
Trimethoprim/sulfamethoxazole

1,25/ 23,75
(25) µg

EUCAST1

Tetracyclines
Tetracycline

30 µg

EUCAST1

Quinolones
Full cross- resistance
for all fluorquinoles
and flumequine

Ciprofloxacin

5 µg

STAPH

20

20

EUCAST1

Enrofloxacin

5 µg

STAPH

23

17

CLSI2

15/ 30 µg

STAPH and STREP

20

18

CLSI2
and literature3,4

Validated with
pharmacokinetic data
in the udder.

STAPH

21

18
Literature5

Validated with
pharmacokinetic data
in the udder.

ß-lactam- aminoglycoside combination
Cefalexin +
kanamycin (Ubrolexin®)

Penicillin + framycetin
(Ubrostar®)

10/ 100 µg
STREP

21

19

STAPH: all staphylococci. SAU: Staphylococcus aureus. CNS: coagulase negative staphylococci. STREP: streptococci
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Gram-negative panel – Enterobacteriaceae
Table 2
Antimicrobial

Disc

Bacteria

Zone

Reference

S(≥)

R (<)

Observations

ß-lactams
Ampicillin

10 µg

Entero

14

14

EUCAST1

20/ 10 µg

Entero

19

19

EUCAST1

Cefalexin

30 µg

Entero

14

14

EUCAST1

Cefotaxime

5 µg

Entero

20

17

EUCAST1

Amoxicillin-clavulanic acid

ESBL/ AmpC screen.

Aminoglycosides
Neomycin

10 µg

Entero

12

11

Gentamicine

10 µg

Entero

17

14

EUCAST1

ECOFF proposed by EUCAST.

Kanamycin

30 µg

All bacteria

18

14

CLSI2

Amikacin

30 µg

Entero

16

13

EUCAST1

1,25 / 23,75
(25) µg

Entero

16

13

EUCAST1

30 µg

Entero

19

15

CLSI2

Ciprofloxacin

5 µg

Entero

22

19

EUCAST1

Enrofloxacin

5 µg

Entero

23

17

CLSI2

Cefalexin +
kanamycin (Ubrolexin®)

15/ 30 µg

E. coli

20

18

CLSI2 and
literature4,5

Validated with
pharmacokinetic data
in the udder.

Penicillin +
framycetin (Ubrostar®)

10/ 100 µg

Entero

18

16

Literature5

Validated with
pharmacokinetic data
in the udder.

Trimethoprim sulfonamide combinations
Trimethoprim/
sulfamethoxazole
Tetracyclines
Tetracycline
Quinolones

ß-lactam- aminoglycoside combination

Note: criteria may change; see the EUCAST website or most recent CLSI document.

References to tables 1 and 2
1. EUCAST, 2015-01-01. Breakpoint tables for interpretation of MICs and zone diameters. V 5.0.
2. CLSI Vet01-S2., July 2013. Performance standards for antimicrobial disc and dilution susceptibility tests for bacteria
isolated from animals; second informational supplement).
3. Pillar et al., 2009. Evaluating the in vitro susceptibility of bovine mastitis pathogens to a combination of kanamycin
and cefalexin: recommendations for a disc diffusion test. J. Dairy Sci., 92: 6217–6227.
4. Silley et al., 2012. Susceptibility of coagulase-negative staphylococci to a kanamycin and cefalexin combination.
J. Dairy Sci., 95 :3448–3453.
5. Pillar et al., 2014. In vitro susceptibility of bovine mastitis pathogens to a combination of penicillin and framycetin:
Development of interpretive criteria for testing by broth microdilution and disc diffusion. J. Dairy Sci., 97 :1–14.
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Quality control
Each lab, irrespective of the size or the

subcultures can be prepared for one

amount of samples processed, needs

week. For fastidious organisms that will

a quality control plan. Without regular

not survive on plates for five to six days,

cross-checking, results lose their validity.

subculture the strain daily for no more

■ Use the control strains specified to monitor the performance of the test. These
strains may be purchased from several
commercial sources.

■ Acceptable ranges for control strains are
in the table below.
■ Control strains should be tested daily

■ Store control strains under conditions

until performance is shown to be satis-

that will maintain the integrity of the

factory (no more than 1 in 20 tests out-

strains. Storage on glass beads at -70 ºC

side control limits). At this stage, testing

in glycerol broth (or commercial equiva-

frequency may be reduced to once a

lent) is a convenient method. Non-fas-

week. If performance standards are not

tidious organisms can be stored at

met, the cause must be investigated.

-20 ºC.

24

than one week.

■ In addition to routine QC testing, par-

■ Subculture a bead on the appropriate

ticipation in a national proficiency test

non-selective medium every week and

for AST is advised for general feedback

check for purity. From this pure culture,

on quality improvement.

Control strains for QC of AST according to the disc diffusion method,
including target and range zones for the specific strains.
Table 3
QC strains for AST - disc diffusion method1
S. aureus ATCC 29213 (NCTC 12973, CIP 103429, DSM 2569, CCUG 15915, CECT 794)
Antimicrobial agent
Benzylpenicillin
Ampicillin

Disc content

Inhibition zone (mm)
Target

Range

1 unit

15

12-18

2 µg

18

15-21

Cefoxitin

30 µg

27

24-30

Gentamicin

10 µg

22

19-25

Erythromycin

15 µg

26

23-29

Clindamycin

2 µg

26

23-29

1.25-23.75 µg

29

22-28

Trimethoprim-sulfamethoxazole
Tetracycline

30 µg

27

23-31

Ciprofloxacin

5 µg

24

21-27

Cefalexin-kanamycin (Ubrolexin®)

15-30 µg

-

19-25

Penicillin - framycetin (Ubrostar®)3

10/ 100 µg

-

27-33

Str. pneumoniae ATCC 49619 (NCTC 12977, CIP 104340, DSM 11967, CCUG 33638)
Antimicrobial agent
Benzylpenicillin

Disc content

Inhibition zone (mm)
Target

Range

1 unit

19

16-22

Ampicillin

2 µg

28

25-31

Erythromycin

15 µg

29

26-32

Clindamycin

2 µg

25

22-28

1,25-23,75 µg

23

20-26

30 µg

31

28-34

Ciprofloxacin
Cefalexin-kanamycin (Ubrolexin®)

5 µg
15-30 µg

25
-

13-20

Penicillin - framycetin (Ubrostar®)3

10/ 100 µg

-

Trimethoprim-sulfamethoxazole
Tetracycline

E.coli ATCC 25922 (NCTC 12241, CIP 76.24, DSM 1103, CCUG 17620, CECT 434)
Antimicrobial agent

Disc content

Ampicillin
Amoxicillin-clavulanic acid
Cefalexin
Cefotaxime
Gentamicin
Ciprofloxacin
Trimethoprim-sulfamethoxazole
Cefalexin-kanamycin (Ubrolexin®)

10 µg
20-10 µg
30 µg
5 µg
10 µg
5 µg
1.25-23.75 µg
15-30 µg

Penicillin - framycetin (Ubrostar®)

10/ 100 µg

22-28
27-33
2

Inhibition zone (mm)
Target

Range

19

15-22

21

18-24

18

15-21

28

25-31

23

19-26

35

30-40

26

23-26

-

19-25

-

18-24

1. EUCAST, Routine and extended internal quality control as recommended by EUCAST, V5.0, 2015-01-09.
2 . NCTC, CIP, DSM, CCUG and CECT are alternative sources for the ATCC type of reference strains.
3. CLSI quality control for disc diffusion tested on S. aureus ATCC 25923 and S. pneumoniae ATCC 49619.
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Translation of reference discs for
evaluation of therapeutic options
Staphylococci
DISC READS
SUSCEPTIBLE FOR

Penicillin

Cefoxitin

Reference for antibiotic class

Therapeutic options when susceptible

Narrow-spectrum, β-lactamasesusceptible penicillins

Benzathine penicillin, benzyl penicillin (pen G),
procaine penicillin and penethamate

Moderate spectrum penicillins

Ampicillin and amoxicillin

Narrow-spectrum, β-lactamaseresistant penicillins

Cloxacillin, dicloxacillin, flucloxacillin,
methicillin, nafcillin and oxacillin

β-lactamase inhibitor combinations

Amoxicillin and clavulanic acid

All cephalosporins

• Cefalexin, cefalonium, cefalotin and cefapyrin
• Ceftiofur, cefoperazone and cefquinome

Neomycin

-

Neomycin, Framycetin

Gentamicin

-

Gentamicin

Kanamycin

-

Kanamycin

Amikacin

-

Amikacin

Erythromycin

Macrolides

Erythromycin, gamithromycin, tilmicosin,
tulathromycin and tylosin

Clindamycin1

Lincosamides

Lincomycin, clindamycin and pirlimycin

Trimethoprim/
sulfamtoxazole

All trimethoprim-sulfonamide
combinations

Tetracycline

All tetracyclines

Tetracycline, oxytetracycline, chlortetracycline
and doxycycline

Ciprofloxacin or
enrofloxacin

All fluoroquinolones

Danofloxacin, enrofloxacin, marbofloxacin

Cefalexin/
kanamycin

-

Ubrolexin®

Penicillin/
framycetin

-

Ubrostar®

1. Also consider the outcome of the D test here, for inducible clindamycin resistance
(see inducible resistance).
28

a d d en d um 1

Streptococci
DISC READS
SUSCEPTIBLE FOR

Penicillin

Reference for antibiotic class

Therapeutic options when susceptible

Narrow-spectrum, β-lactamaseresistant penicillins

• Benzathine penicillin, benzyl penicillin (pen G),
procaine penicillin and penethamate

Moderate spectrum penicillins

Ampicillin and amoxicillin

All cephalosporins

• Cefalexin, cefalonium, cefalotin and cefapyrin
• Ceftiofur, cefoperazone and cefquinome

Oxacillin

Narrow-spectrum, β-lactamaseresistant penicillins

Cloxacillin, dicloxacillin, flucloxacillin,
methicillin, nafcillin and oxacillin

Erythromycin

Macrolides

Erythromycin, gamithromycin, tilmicosin,
tulathromycin and tylosin

Clindamycin2

Lincosamides

Lincomycin, clindamycin and pirlimycin

Trimethoprim/
sulfamtoxazole

All trimethoprim-sulfonamide
combinations

Tetracycline

All tetracyclines

Tetracycline, oxytetracycline, chlortetracycline
and doxycycline

Ciprofloxacin or
enrofloxacin

All fluoroquinolones

Danofloxacin, enrofloxacin, marbofloxacin

-

Cefalexin/
kanamycin

-

Ubrolexin®

Penicillin/
framycetin

-

Ubrostar®

2. Also consider the outcome of the D test here, for inducible clindamycin resistance
(see Special cases).
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Enterobacteriaceae
DISC READS
SUSCEPTIBLE FOR

Reference for antibiotic class

Therapeutic options when susceptible

Moderate spectrum penicillins

Ampicillin and amoxicillin

Ampicillin
All cephalosporines

30

• Cefalexin, cefalonium, cefalotin and cefapyrin
• Ceftiofur, cefoperazone and cefquinome

Amoxicillinclavulanic acid

β-lactamase inhibitor combinations

amoxicillin and clavulanic acid

Cefalexin

First and second generation
cephalosporins

Cefalexin, cefalonium, cefalotin and cefapyrin

Cefotaxime

Third and fourth generation
cephalosporins

Ceftiofur, cefoperazone and cefquinome

Neomycin

-

Neomycin, framycetin

Gentamicin

-

Gentamicin

Kanamycin

-

Kanamycin

Amikacin

-

Amikacin

Trimethoprim/
sulfamtoxazole

All trimethoprim-sulfonamide
combinations

Tetracycline

All tetracyclines

Tetracycline, oxytetracycline, chlortetracycline
and doxycycline

Ciprofloxacin

All fluoroquinolones

Danofloxacin, enrofloxacin, marbofloxacin

Ciprofloxacin or
enrofloxacin

All fluoroquinolones

Danofloxacin, enrofloxacin, marbofloxacin

Cefalexin/
kanamycin

-

Ubrolexin®

Penicillin/
Framycetin

-

Ubrostar®

