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Abstract
A questionnaire was used to survey methods and protocols currently employed by laboratories
involved in determining the antimicrobial susceptibility of bacteria associated with fish disease.
Thirty-one laboratories in 18 countries reported the methods they employed for non-fastidious
(Group 1) organisms. Of these 29 reported the use of disc diffusion methods and only 8 reported
the use of MIC methods. Of these 8, only 4 reported using MIC methods in routine testing of
clinical isolates. There was significant, but not complete, harmony in the protocols used for disc
diffusion studies. Seventy-six percent of the laboratories reported the use of either the M42-R
(CLSI, 2003) or other closely related protocols. The changes that will be required to increase the
harmony in test protocols are discussed. The most significant will be the inclusion of control
strains and the QA procedures associated with M42-R (CLSI, 2003) and in the harmonisation of
the content of the discs.

Introduction
In recent years significant progress has been
made in formulating standard protocols for
laboratory testing of susceptibility of aquatic
bacteria. A set of proposed standard protocols
for disc diffusion, agar and broth dilution
methods for bacteria associated with fish
disease were developed by a group of 24
scientists at a meeting in Weymouth in 1998
(Alderman & Smith, 2001). These protocols
were based on those in M31-T (NCCLS, 1997),
which represented tentative protocols for
veterinary bacteria. The Alderman & Smith
(2001) protocols for disc diffusion and broth
dilution were further developed and modified
by the NCCLS, which was recently re-named
Clinical Laboratory Standards Institute
(CLSI). The CLSI protocols include acceptable

ranges for quality control strains and,
therefore, represent a significant advance on
those of Alderman & Smith (2001). With
respect to disc diffusion, the initial CLSI M42-
R protocols (CLSI, 2003) have now been
superseded by M42-P (CLSI (2005). With
respect to broth dilution the current CLSI
protocols are those specified in M49-P (CLSI,
2004).

The strategy adopted by both Alderman &
Smith (2001) and CSLI (2003, 2004, 2005) was
to give priority to developing core protocols
appropriate for organisms capable of growing
on unmodified Mueller-Hinton agar at 22 ±
2°C or 28 ± 2°C within 48h. Both sets of
protocols classified bacteria with these
properties as Group 1 organisms. The
intention was that protocols suitable for
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organisms that cannot grow adequately under
these conditions would be developed, at a
later stage, by introducing modifications of
these core protocols

In 2005 a Working Group of the EU-funded
Permanent Advisory Network for Aquatic
Disease (PANDA) undertook a survey of
laboratories involved in the testing of
antimicrobial susceptibility of bacteria
associated with fish disease. This survey had
two main aims. The first was to establish the
susceptibility test methods and protocols that
were being used by laboratories and the
second was to obtain information on the
breakpoints these laboratories used to
attribute meaning to the data their test
generated. This paper reports a summary of
the information relevant to the methods and
protocols being used in the responding
laboratories for susceptibility testing of Group
1 organisms. Further details of this survey and
the questionnaire used will be posted on the
PANDA web site (http://www.europanda.-
net).

Methods
The survey was performed between June and
September 2005 by sending a questionnaire
by e-mail to scientists that, it was thought,
might have an involvement in antimicrobial
susceptibility testing of bacteria associated
with aquaculture. The names of the scientist
contacted were obtained from a variety of
sources, which included national
representatives of the European Association
of Fish Pathologists, people who have
published in this area, and those previously
involved in the development of the Alderman
& Smith (2001) protocols.

Results
Responses to the questionnaire
The questionnaire was distributed to a total
of 167 e-mail addresses. By September 30,
2005, 90 individuals (54%) had replied and
completed questionnaires had been received
from 32 laboratories in 18 countries. 24 of the
responding laboratories were located in
Europe. The laboratories responding were
located in; Australia, Austria, Canada, Chile,
Denmark, Finland, France, Ireland, Italy,
Netherlands, Norway, Philippines, Portugal,
Spain, Sweden, UK, USA, Vietnam.

Five of the responding laboratories reported
testing over 200 organisms a year, 4 tested
between 100 – 200, 10 tested between 50 - 100
and 13 reported testing less than 50 organisms
per year. Twenty-three of the laboratories
reported performing testing clinical isolates.
17 performed some of their testing for
research and 8 reported having some
regulatory function. There was no significant
relationship between the major function of the
laboratories and the number of organisms
they handled.

Choice of methods and protocols
The protocols employed by the 31 laboratories
that reported measuring the susceptibility of
Group 1 organisms are shown in Table 1. The
majority (29/31) reported using disc diffusion
methods and for 23 (74%) this was the only
method reported. Two laboratories reported
using MIC methods only and five reported
using both MIC and disc diffusion methods.
Of the 7 laboratories using MIC methods, only
three used them to test routine, clinical
isolations the other 5 used them in
retrospective, regulatory or research contexts.
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Of the 29 laboratories using disc diffusion, 14
reported using the Alderman & Smith (2001)
protocols and a further 5 reported using those
specified in M42-R (CLSI, 2003). Three
reported using the protocols specified in M31-
A2 (CLSI, 2002) but with a reduced incubation
temperature. A further 6 laboratories reported
employing test protocols that involved the use
of Mueller-Hinton agar and, of the 29
laboratories, only one reported using a
medium other than Mueller-Hinton. With
respect to laboratories reporting the use of
MIC methods, four employed M49-P (CLSI,
2004), three the Alderman & Smith (2001)
protocols and an eighth used a protocol they
had published themselves.

The data presented in Table 1 should,
however, be treated with some caution. In a
number of cases the protocols actually
employed by a laboratory deviated with
respect to at least some of the test parameters
from those specified in the protocols they
claimed to be employing. The major

deviations related to incubation temperature
and disc content. All deviations from standard
protocols are unacceptable, however, in terms
of their impact on zone sizes the deviations
in the contents of the discs were probably the
most significant.

Variations in disc content
Both the Alderman & Smith (2001) protocols
and M42-R (CLSI, 2003) are in agreement with
respect to the disc contents they recommend
and Appendix 1 of M42-R (CLSI, 2003)
provides a list of the disc contents that should
be used with 18 different antimicrobial agents.
The questionnaire responses provided
information on 169 discs being used in the 30
laboratories. Seven of these discs contained
agents not mentioned in the Appendix 1 of
M42-R (CLSI, 2003). Of the remaining 161
discs, 122 contained the amount specified in
the Appendix but 39 did not. Thus, in a
quarter of the cases the discs being employed
contained amounts of agents other than those
specified in M42-R (CLSI, 2003). Table 2
provides an agent-by-agent analysis of disc
content. Of the most frequently studied agents
(>8 laboratories), the lowest rates of
compliance were with amoxycillin (36%) and
oxolinic acid (55%). With respect to
oxytetracycline the major source of non-
compliance arose from the use of discs
containing tetracycline to assess susceptibility
to this class of agents.

Discussion
Although there were only 32 respondents the
results of this survey suggest that the recent
developments in the production of standard
susceptibility test protocols have had a
significant impact. This movement towards
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Table 1. Susceptibility test methods and protocols
used for Group 1 organisms in 31 laboratories.

* With modified incubation temperatures.
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harmony is not complete but it is clear that
much progress has been achieved over the last
five years.

Harmonisation would best be achieved by
movement towards the M42-P (CLSI, 2005) or
M49P (CLSI, 2004) protocols because they are
the only ones that incorporate appropriate
quality control procedures. For laboratories
currently using other protocols the major
change such harmonisation would require
would be the inclusion of control strains,
either Escherichia coli  ATCC 25922 or
Aeromonas salmonicida ATCC 33658, in each

test. This use of control strains and the
acceptable ranges associated with them
would not only facilitate the monitoring of
both intra- and inter-laboratory precision but,
possibly as importantly, will be critical for the
valid application of any breakpoints that are
developed. For laboratories with a significant
throughput of strains the inclusion of control
strains should not be too onerous. However,
some though may have to be given to the
situation of small laboratories handling only
a few clinical isolates a year.

Table 2. Variations in content of discs used in 29 laboratories.

a Compliance rates are calculated as the number of laboratories using the disc content recommended in M42-P as a fraction (%) of the total
number of laboratories reporting the use of any discs for that agent.
b OTC indicates oxytetracycline.
c TET indicates tetracycline.
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Any movement towards harmonisation will
also have to address the variation in disc
content identified in this survey. For
individual laboratories changes here would
be relatively simple and may involve no more
than a change in supplier.
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