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Abstract
A successful surveillance program for antibiotic resistant Escherichia coli in Australia should account
for the heterogenous nature of the food-animal population. Studies that rely on measurements made
on several hundred isolates can only satisfy limited objectives because they risk imprecise and biased
estimation of the presence and distribution of resistance traits. Observations on a larger number of
isolates are needed to ensure animal, herd and region effects are adequately represented so that
findings can be extrapolated to the appropriate population of interest. An efficient methodology for
measuring the resistance traits of a large number of isolates is described. Commun Dis Intell 2003;27
Suppl:S117–S120.
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Introduction

Generic indicator organisms such as Escherichia coli play a prominent role in many existing
surveillance systems for antibiotic resistance in animals. 1 E. coli is regarded as a useful indicator of
antibiotic resistance in the bacterial flora of livestock and food because it responds to the selective
pressur es of antibiotics, because it is ubiquitous in the gut of food animals, and because it readily
persists in raw foods and the environment. Individual E. coli isolates are easily studied in the laborator y
to yield results that can be interpreted using standard criteria. E. coli is therefore a strong candidate
for inclusion in future studies of the spatial and temporal distribution of antibiotic resistance in
Australian livestock and livestock products.

Practical considerations

Future surveillance systems for antibiotic resistance will need to allow for the extreme heterogeneity
that characterises livestock production in Australia. There are a plethora of animal species, animal
breeds and management systems located within many different climatic regions. Hence, food-animal
production occurs in diverse environments resulting in variable degrees of exposure to possible
sources of resistant organisms (other herds or flocks, humans, wildlife and environmental contamination).
Even at a particular locality and within a specific industr y there can be large differences in husbandr y
practices. Antibiotic usage patterns range from continuous inclusion of low-concentrations in rations
in some intensive production systems to extremely rare, highly selective or even absent in the
extensive beef and sheep grazing industries.

The underlying complexity of the animal industries impacts on the ways in which sur veillance for
resistant E. coli could be conducted. In particular, the low profitability of some production systems and
the low monetar y value of most individual animals explains why veterinar y laboratories receive only a
small number of requests for antibiotic resistance testing of E. coli isolates from food animals.
Moreover, the selective nature of veterinar y diagnostic submissions means that the E. coli isolates
obtained from diagnostic testing are not likely to be representative of those entering the food chain.
Thus, passively acquired data appear to be poorly suited to accommodating the complexity present in
the underlying population of E. coli derived from animals. Purposefully designed sur veys of the
livestock population and livestock products are best suited to providing data forming a basis for
national policies.
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Implementation of active surveillance

Active sur veillance for resistant E. coli in animal populations should be designed and analysed to
account for the sources of variation in the population of isolates and valid confidence limits for the
propor tion of E. coli with a specific resistance trait can be generated. Confidence limits need only be
as narrow as required by the study objectives which in turn should reflect how the sur veillance findings
will contribute to decision making. It is also a requirement that the strength of association between
risk factors and the occurrence of resistance be estimated without bias. To meet these aims a number
of sampling issues need to be addressed. One of these is the requirement to test a suf ficient number
of isolates, a suf ficient number of animals, herds (flocks), and at a suf ficient number of points in time
to allow firm inferences to be made about the distribution of resistance and sources of variation. A
second requirement is the need to ensure that sampling is per formed to account for the likely
‘contagious’ or ‘clustered’ pattern of distribution of resistant isolates. A third consideration is to
design sampling methods that allow confidence interval estimates of prevalence to be produced that
are based on all of the sources of variation in the population. The latter requirement can usually be
satisfied by using statistical techniques for estimation of variance components provided an
appropriate study design is implemented. 2 However, the first two of these requirements have hither to
been difficult to satisfy because the high cost of assessing a large number of E. coli isolates has
restricted the options available for study design. Thus, only small numbers of herds, product
consignments, or regions appear to be represented in most existing data and it is difficult to
extrapolate the findings beyond those animals or products included in the study.

To illustrate the impor tance of sample size and sampling error one can make the simplifying
assumption that the resistance phenotypes of interest occur at random throughout the populations of
E. coli, animals and herds. The required sample size for estimating prevalence can then be calculated
from the binomial probability distribution. If the objective is to estimate the prevalence of tetracycline
resistance (at a particular concentration) amongst E. coli isolates from intensively-raised animals,
such that the 95 per cent confidence limits are each within 5 per cent of the point estimate, then
about 400 isolates would require evaluation (this assumes the expected prevalence is close to 50 per
cent — an assumption that is justified on the basis of published estimates from pigs and poultr y,3,4,5

and because it is appropriate to err closer to 50 per cent to ensure a sufficient sample size). The
required sample size is between 1.3 and 2 times greater that number relied upon in various national
surveys to assess the propor tion of resistant E. coli from a single animal species or product.4,5,6

Moreover, this sample size calculation is probably an underestimate because it assumes that the only
variation is due to random error, that is, it takes no account of the likely non-random distribution of
resistance isolates in the population of interest.

‘Clustering’ (likeness amongst obser vations close in time or space) is a term used to describe the
non-random source of variation that is commonly associated with the distribution of infectious agents
or disease events. In the case of antibiotic resistance in animal populations, clustering could feasibly
be induced by a range of determinants of resistance (known or unknown) such as exposure  to
antibiotics in rations or exposure to human effluent contaminating the environment. In veterinar y
epidemiology clustering is often exaggerated because of the way that animals are managed in
commercial units (herds or flocks), and by the way that herds and flocks at a similar geographic
location tend to have a common set of risk factors. 7 Sometimes clustering occurs for no obvious
reason and this has been shown to be the case for the clustering of particular resistant E. coli
phenotypes within individual pigs housed in the same pen.8 The pervasiveness of clustering prevents
the indiscriminate use of binomial probabilities (or any approximations thereof) for generating
confidence limits or sample sizes. Unfor tunately, the estimation of sample sizes (number of isolates,
number of animals, number of herds or flocks etc.) is difficult in the absence of any estimates of
variance. The number of isolates required to be evaluated could be several times greater than what is
predicted by the approach described above. Consequently , during the initial phases of sur veillance
there is a need to estimate components of variance attributable to the different levels of sampling
(isolates, animals, herds, or flocks etc.) to aid in the design of subsequent sampling plans.
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New methodology

To overcome the difficulties of study design and sampling, a laborator y technique for assessing large
numbers of E. coli isolates per specimen has been adopted in a pilot study of dairy cattle in north-
easter n New South Wales. The aims are to develop methodology that could be used to efficiently study
the distribution of resistance in animals, humans and environmental samples. The approach has been
adapted from work on E. coli in pig populations in Canada3 and is based on hydrophobic grid membrane
filtration (HGMF). Key elements of the procedure are: the growth of E. coli by filtering diluted animal
faeces through HGMF grids, incubation of grids on selective agar, replication of colonies onto HGMF
grids that are either incubated on chromogenic agar (for E. coli identification) or on agar containing
antibiotics and made to standard specifications. 9 The final and critical step for achieving economy of
scale is to use computer software to per form image analysis of HGMF grids to detect the growth of
E. coli, to compute multiple resistance patterns for each isolate, and to incorporate the findings for
each specimen in a sur veillance database. The process is summarised in the Table.

Table. Summary of steps performed during antibiotic resistance testing of Escherichia coli derived from
cattle faeces using the HGMF procedure and image analysis

Step 1. Fresh cattle faeces obtained during farm visits.

Step 2. Tenfold serial dilution of specimens prepared and stored.

Step 3. Preliminar y estimation of the concentration of E. coli per gram of faeces determined by spread 
plate or HGMF enumeration technique.

Step 4. A master HGMF grid is produced by filtering an appropriate volume of diluted cow faeces to provide
100 to 200 colonies following incubation.

Step 5. Colonies are replicated from the master grid onto grids placed on chromogenic agar for 
presumptive identification of E. coli.

Step 6. Colonies are replicated from the master grid onto grids placed on agar containing antimicrobials at 
National Centre for Clinical Laborator y Standards (NCCLS) recommended concentrations. A copy is 
also placed on agar containing no antimicrobials.

Step 7. Chromogenic, antimicrobial and control agar plates are incubated overnight.

Step 8. Consistent interpretation of colony growth is achieved by capturing digital images of HGMF grids 
and analysing using specific software.

Step 9. Collation and standardised repor ting of single and multiple resistance traits is achieved within the 
software.

The advantages of the HGMF approach are that it can be used to appraise single and multiple
resistance traits of up to 200 colonies per specimen. The use of image analysis provides a standard
interpretation of results and avoids errors encountered with manual data recording.  In the New South
Wales study this has enabled deployment of a study design for deriving variance components followed
by calculation of intracluster (intra-herd) correlation. The latter is useful for quantifying the extent of
likeness within groups (in this case the clustering of E. coli resistance trait within herds of cattle)
which impinges on the interpretation and analysis of data and is of interest in the design of future
studies. 10 The study will also provide prevalence estimates (propor tion of isolates, propor tion of herds)
for single and multiple resistance traits for four antibiotics (gentamycin, ampicillin, tetracycline and
sulfamethoxazole) at NCCLS ‘intermediate’ concentrations 9 based on obser vations made on approx-
imately 10,000 isolates from 30 randomly-selected dairy herds. Test-retest reliability 11 is also being
evaluated on pooled faecal samples from 20 dairy farms. Overall, the study will help generate the
statistical assumptions required for a more comprehensive sur vey of livestock. The Figure summarises
the design of this study.

Conventional approaches to sur veillance for antimicrobial resistance in livestock and food usually rely
on disk diffusion, agar dilution or broth dilution techniques. These methods are suited to compre-
hensive screening of individual isolates against a large number of drugs and drug concentrations. They
are often chosen because they can provide data for commensals, animal pathogens, and zoonotic
pathogens that can be compared to the data being obtained for human pathogens. Furthermore,
because many technicians are familiar with these methods they are a convenient basis for standard-
isation of measurement systems. However, because these techniques are costly on a per isolate basis
they are less appealing for ecological and population based studies that demand the evaluation of
resistance traits of a large number of indicator organisms, such as E. coli.
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Figure. Design of the pilot study for assessing prevalence of resistance, intra-herd clustering, and
test-retest reliability

Although there is no limit to the number of antibiotics or concentrations that may be evaluated in the
HGMF resistance test, restricting the number of antibiotics avoids the difficulty of having to interpret
data for a large number of resistance patterns (if a is the number of antibiotics evaluated then the test
produces information on 2a resistance patterns). HGMF resistance testing is therefore suited to
screening a very large number of isolates against a panel of the most impor tant antibiotics. It is
attractive to combine HGMF testing with other research on the biology of resistance by removing a
sub-sample of screened isolates for more detailed analysis by conventional resistance tests or
molecular techniques. 
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