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Chapter 1

General Introduction

The most important livestock species in Switzerland is cattle representing 33% of the whole
agricultural production value. The most relevant production branch in cattle is milk
production representing 21% of the whole agricultural production value®. High quality milk
products are the most important of the few Swiss agricultural products capable of competing
on export markets. In the European countries and in Switzerland the importance of good
health status of livestock is of major importance in order to permit free trade of animals and
animal products. In order to maintain the status of disease freedom after eradication of
diseases, continuing surveillance is of critical importance. To demonstrate disease freedom to
trading partners, this surveillance has to be performed in accordance with international
agreements and regulations. Conducting these programmes annually generates considerable
costs for the national veterinary authorities, even in the absence of the respective pathogen.
Until recently active surveillance or eradication programmes such as the surveillance
programme of infectious bovine rhinotracheitis (IBR) and enzootic bovine leucosis (EBL), or
the eradication programme of bovine viral diarrhoea (BVD), are conducted utilising
individual blood or tissue samples. Surveillance programmes of zoonoses or of antibiotic
resistance are conducted through the sampling of animal products or from samples taken in
slaughterhouses. Individual animal or product sampling methods are neither economical nor
easy to implement. Due to the high labour costs in Switzerland, sampling costs represent a
major proportion of the diagnostic costs for the analysis of a sample from an individual
animal or product. To reduce these cost, two strategies can be followed: reducing the number
of herds to be sampled, for example through risk-based approaches for sample size

calculations (Hadorn et al., 2002; Stark et al., 2006; Schwermer et al., 2009) or reducing the

* Government report on agriculture 2010, Federal Office of Agriculture, FOAG
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cost of sampling by using pooled herd samples or less expensive sampling procedures. In the
last few years, the main focus in Switzerland was in reducing the amount of herds to be
tested. However, as the potential for reduction of sample size by risk-based approaches is not
infinite, the second strategy is also highly valuable and needs further investigation.

In Switzerland, dairies selling commercialised milk undergo each month at least two milk
quality controls. Bulk-tank milk (BTM) samples are collected routinely twice a month and
tested in the milk-testing scheme (somatic cell counts, bacterial counts and antibiotic-residue
testing). Since 2011, the milk-testing diagnostics are conducted in one single laboratory.
Hence, BTM samples represent a fast, easily-available, convenient, inexpensive and non-
invasive medium that could be screened for several purposes, such as for epizootics and
zoonoses surveillance, eradication programmes, mastitis surveillance or diagnosis and
screening of substances or residues such as antibiotics or also monitoring of antibiotic
resistances. Testing of BTM samples is a scientifically based and accepted method in several
European countries and also worldwide: examples are the United States, Canada or Australia
(Innes and Lynch, 1990; Van Wuijckhuise et al., 1998; Nylin et al., 2000; Jayarao and
Henning, 2001; Paisley et al., 2001; Nuotio et al., 2003; Houe et al., 2006; Nuotio et al.,
2007). In Switzerland, BTM samples were used for Bluetongue surveillance in the recent past
(Kluiters et al.,2008).

Diagnostic tests

A literature review published by Jayarao in 2004, described the usefulness of BTM tests for
the measurement and detection of: 1) somatic cells, 2) bacterial pathogens (foodborne, animal
and zoonotic), 3) milk quality deteriorating bacteria, 4) cattle viruses, 5) antibodies in milk
against bacterial, viral and gastrointestinal parasites, and 6) substances such as antibiotics,
metabolites, drugs, toxins and trace minerals.

Worldwide, the applications of BTM testing for the diagnosis of cattle diseases are numerous.

A large number of diagnostic tests for certain diseases have been described in the literature.
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As a result of an international enquiry comprising 13 European laboratories conducted in this

study, many already commercialised BTM diagnostic tests were identified on the market.

Objectives

The main aim of this research was a scientific, practical and economic evaluation of the

potential use of BTM samples for surveillance of animal health, zoonoses and antibiotic

resistance in Switzerland. In order to achieve this, specific objectives were defined as follows:

1.

Identify candidate epizootic and zoonotic pathogens that could be surveyed or
eradicated utilising BTM testing. This was achieved by conducting a literature review
and a laboratory survey on surveillance systems using BTM and on currently available

diagnostic tools (Chapter 2).

Evaluate the use of BTM samples for surveillance programmes to demonstrate
freedom from animal diseases. A cost-effectiveness analysis of BTM testing for
surveys for infectious bovine rhinotracheitis and bovine enzootic leucosis in
Switzerland was used as an example, because these are the major cattle diseases where

Switzerland needs to demonstrate disease freedom (Chapter 3).

Prioritize the candidate zoonotic pathogens identified in chapter 2 according to their
public health importance in BTM. For this, a questionnaire study was performed with

a panel of Swiss experts (Chapter 4).

Evaluate the use of BTM samples for surveillance of zoonotic pathogens identified as
high priority in chapter 4. A cost-effectiveness analysis of surveillance programmes
for Listeria monocytogenes and Salmonella spp in dairy cattle utilising BTM samples

was conducted (Chapter 5).

A literature review on the feasibility of antibiotic resistance monitoring with BTM

were carried out and is described in Chapter 6.
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Chapter 2

A review of the capacity for the monitoring of epizootics, zoonoses and

other pathogens by bulk-tank milk samples

Introduction

Bulk-tank milk (BTM) analysis is now widely accepted as a useful tool to evaluate milk
quality, but also to monitor udder-health status in herds (Jayarao and Wolfgang, 2003). BTM
tests are primarily related to mastitis problems. Today, BTM somatic cell counts (BMCC) and
BTM cultures are common and routine approaches to assess the udder-health of dairy cows.
The demand of consumers for safe and high quality milk has placed a significant
responsibility on dairy producers, retailers and manufacturers to produce and market safe milk
and milk products. The first step in the production of quality milk begins at the dairy farm.
The task of producing quality milk and maintaining cows with low incidence of mastitis is a
management challenge for all dairy producers.

Projects carried out in the US could show a good evaluation of the dairy producers BTM
analysis to monitor herd mastitis pathogens and udder-health.

It is more difficult to assess the significance of environmental agents, being potential
pathogens (coli forms, yeasts, Nocardia spp., Streptococcus spp. or other than Streptococcus
agalactiae), in the bulk tank. While capable of causing mastitis, they may also appear as a
result of a systemic infection or direct environmental contamination. BTM screening may be
an effective first step in enabling the producer and the veterinarian to pin point and remedy
more quickly and less expensive at least some of the predominant contributing factors to high
herd somatic cell count (SCC) and mastitis.

Healthy animals are also the baseline for a healthy milk and livestock population in general.
Over the years, BTM screening has proved its efficiency not only in udder health problem,
but also in the screening of several epizootic and zoonotic pathogens. The potential of BTM
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for the emphasis of bovine epizootics and zoonoses was also developed under the growing
demand of national surveillance programmes and under the pressure to maintain healthy
livestock for trading issues between countries.

In this review the aim is on the description of diagnostic tests applied on BTM, with
consideration of the respective pathogen. More specifically, diagnostic procedures that have
been used for any kind of pathogen should be identified and their eventual application on
epizootic pathogens and zoonotic agents should be identified.

Diagnostic protocols used in bulk-tank milk samples for mastitis pathogen screening
Staphylococcus aureus

Staphyloccocus aureus is a very common pathogen of contagious mastitis in cattle and it can
cause serious economic losses in the dairy industry. To develop effective pathogen diagnostic
tools is an important step to monitor and control mastitis pathogens such as Staphylococcus
aureus. BTM culture has been used as screening test or to identify strains causing mastitis
within a herd. Studies about modified culture media were done to improve the detection of the
pathogen strains (Ollis et al., 1995). Highly sensitive and specific real-time quantitative
Polymerase Chain Reaction (PCR) were developed and used on BTM (Graber et al., 2007,
Studer et al., 2008). Multiplex PCR were also developed and showed to be an easy and rapid
method to detect pathogens such as Staphylococcus aureus (Phuektes et al., 2003). PCR
methods could also be used for the detection of genes encoding enterotoxins, exofoliative
toxins, toxic shock syndrome toxin 1 or detect the genotype variation among strains (Stephan
et al., 2002; Jorgensen et al., 2005a; Jorgensen et al., 2005b)

Streptococcus agalactiae and spp.

A nationwide surveillance and eradication programme for Streptococcus agalactiae was
initiated in Denmark as early as 1954 based on bacteriological examination of milk can and
BTM samples. The programme was compulsory until 1988 and since then has become

voluntary. Beginning in 1995, BTM samples were analysed every year. An evaluation study
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of this programme was conducted and ways for useful application of BT M-testing schemes
for screening purpose were described for Streptococcus agalactiae (Andersen et al., 2003).
In another study, an evaluation of five selective media for isolation of catalase negative gram-
positive cocci from bulk-tank milk was conducted and showed that Edward modified medium
supplemented with colistin sulphate and oxolinic acid can be easily used as a selective
medium on bulk-tank milk for the isolation of streptococci and streptococci-like
microorganisms. It showed a sensitivity of 100%, a specificity of 87.5% and a positive
predictive value of 99.4% (Sawant et al., 2002).

Escherichia coli

BTM samples have been screened for the presence of several genes encoding virulence
factors associated with enterohemorrhagic forms of Escherichia coli (E.coli) using real-time
and conventional PCR assays. 859 bulk-tank milk samples across 21 states of the United
States were analysed. The eaeA gene encoding intimin was found in 23 % of the samples
(Karns et al., 2007).

A survey was conducted in northeast Switzerland to identify the prevalence of E.coli 0157
and other Shigatoxin-producing E.coli. Three hundred and ten bulk-tank milk samples were
analysed by immunomagnetic separation (IMS) and PCR. No positive samples were found.
This does perhaps imply good milking hygiene. Faecal contamination is considered the most
common route of BTM contamination (Stephan and Buehler, 2001).

A study on the prevalence of E.coli 0157:H7 was conducted on 30 dairy farms in east
Tennessee. Faecal samples from culled dairy cows and BTM samples from dairy cows were
collected. Overall, 1.46% of the samples tested positive for E.coli O157:H7. Culture
procedure and PCR for the indication of virulence factors were used to identify the pathogen.
This study showed that raw milk and slaughtered dairy cows could indeed represent a

potential hazard for human health and the usefulness of a development of on-farm and
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preharvest control programmes for such foodborne pathogens ought to be carried out in the
future (Murinda et al., 2002).

Mycoplasma spp.

Several surveys on BTM were conducted to isolate Mycoplasma bovis. A prevalence study
was conducted in a province of Thailand with a commercially nested PCR kit after culture
(Kampa et al., 2009). The prevalence of Mycoplasma bovis was 1.8%. This result did not
differ from another study conducted on cultured Mycoplasma bovis from BTM samples in
Prince Edward Island (Olde Riekerink et al., 2006). A higher prevalence was found in a
survey in Northern Greece with a prevalence of 5.4% of BTM samples. BTM samples were
cultured and Mycoplasma bovis isolates were identified by PCR (Filioussis et al., 2007).
BTM samples testing could also be a valuable tool for screening dairy herds to identify
infection with Mycoplasma bovis and permit a rapid removal or culling of infected cattle. This
represented a major component of a successful control programme for Mycoplasma bovis
(Fox et al., 2003).

Nocardia spp

A study showed that culturing BTM samples for Nocardia spp. was an effective way to
identify herds with nocardial mastitis although Nocardia spp. are environmental pathogens.
When BTM samples were cultured for four consecutive weeks the sensitivity and specificity
of the BTM screening test were 75% and 97% respectively (Schoonderwoerd et al., 1990)
Diagnostic protocols used in bulk-tank milk samples for epizootic pathogen screening
Infectious bovine rhinotracheitis (IBR)

A routine BTM surveillance is already implemented in several European countries such as
Norway, Denmark, Austria, Sweden and Finland. Different schemes are used: yearly testing
of all dairy herds in Austria and Finland (Nuotio et al., 2007); dairy herds with more than 50
cows twice yearly in Sweden; all dairy herds four times a year, with special guidelines for

territory such as near the German border with once per month testing in Denmark; or 10% of
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all dairy cattle in Norway. Between 1984 and 1991, BTM sampling was already implemented
to monitor the bovine herpesvirus (BHV)-1 status of the dairy herds in the Danish BHV-1
eradication campaign. These programmes were retrospectively analysed and the good
performance of such surveillance programmes was shown (Nylin et al., 2000; Paisley et al.,
2001). In a Dutch study, by BTM testing of all Dutch dairy herds, epidemiological risk factors
for IBR such as herd size, animal density, purchase of stock and livestock type of farms were
analysed and their influence on the IBR herd status was determined (Van Wuijckhuise et al.,
1998).

For IBR, several already commercialised antibody diagnostic tests are available on the market
(see Chapter 3, Table 2).

Enzootic bovine leucosis (EBL)

As for IBR, surveillance programmes for EBL are already implemented in several European
countries, such as Norway, Denmark, Austria, England, Sweden and Finland (Nuotio et al.,
2003). In the majority of countries, the sampling is coupled with the sampling of IBR,
although the sampling interval can be different. A yearly testing is in use in Norway, Sweden,
Austria, Finland and England or every three years in Denmark. Some ELISAs were already
evaluated in the literature (Sargeant et al., 1997; Ridge and Galvin, 2005). Several already
commercialised antibody diagnostic tests were also identified on the market (see Chapter 3,
Table 2).

Bovine viral diarrhoea virus (BVD)

The level of BVDV antibodies in BTM correlates with the prevalence of seropositive cows in
a dairy herd (Niskanen, 1993; Lindberg and Alenius, 1999; Beaudeau et al., 2001). Herds
with persistently infected (P1) animals can be identified in screening through BTM ELISA, as
in such a herd most cows have seroconverted after a short time. However, after removing the
Pl animals from a herd, a high prevalence from seropositive animals can remain for a long

period and can lead, if referred to the detection of Pl animals, to low specificity of BTM
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diagnostic, with many false-positive tests results. BTM will not be suitable for screening
herds for some years after the removal of Pl animals. The BTM antibody testing will be a
useful method to identify almost all true positive herds, but could also detect a number of
false-positive herds (Houe et al., 2006).

BVDV can also be detected in BTM. PI animals can occasionally reach the adult age and
contribute to the bulk-tank. Then large quantities of virus are shed in the milk from PI or
transiently infected cows. Thus, detection of virus in BTM through virus detection diagnostic
tools is possible. A RT-PCR technique in BTM was described by Drew et al., 1999. However,
the most Pl animals are almost always found among the young stock. PCR methods in BTM
are obviously not suitable for the screening of Pl animals in dairy herds. Nevertheless, they
can be used as an initial diagnostic test to show if any PIl animal is present among the lactating
cows of a dairy farm, or as a back up test to detect false negative cows after individual PCR
testing (Houe et al., 2006).

Foot and mouth disease

Two ELISA, a liquid-phase blocking ELISA (LPBE) and a specific isotype assay (SIA) were
modified to detect antibodies against foot and mouth disease in cattle milk. Both ELISAs
could be used for surveillance purposes, but only SIA could distinguish between vaccinated
and naive animals (Armstrong, 1997; Armstrong et al., 2000). Another study by Amstrong
demonstrated that SIA would be a valuable tool for testing bulk-tank milk samples to
determine the herd protection level of vaccinated dairy herds at minimal costs (Armstrong and
Mathew, 2001).

Bluetongue

In 2007, due to Bluetongue virus 8 spreading through Europe, Switzerland decided to increase
its active surveillance. It was decided to test bulk-tank milk samples from all regions with a
commercial indirect ELISA. The test showed a good sensitivity and specificity, 87.8% and

99.1% respectively. By a milk protein precipitation procedure before testing, the specificity
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was increased to 99.6% and the sensitivity to 100%. This study determined that surveillance
of BT trough bulk-tank milk was very efficient (Chaignat et al., 2010). Similar results were
obtained by Kramps et al., 2008. Switzerland was among the first European countries to
implement BTM in its surveillance programme for Bluetongue. Several countries like
England and Sweden followed this example.

Bovine corona virus, bovine respiratory syncytial virus

An indirect ELISA was applied to BTM samples in a nationwide survey in Sweden to detect
antibodies against bovine coronavirus (BCV). The study showed a widespread distribution of
BCV antibodies in Swedish dairy herds and a significantly higher prevalence among larger
than average sized herds (Traven et al., 1999). In another study, Elvander et al., 1995 showed
the application of an ELISA for the bovine syncytial virus. By testing BTM a distinction
between antibodies levels of diseased and healthy herds was possible (Elvander et al., 1995).
Diagnostic protocols used in bulk-tank milk samples for zoonotic pathogen screening
Brucella abortus

Brucella abortus screening programmes were already implemented in the seventies, e.g. the
milk test programme in Ontario. This programme was based on testing pooled samples of
milk or cream from the bulk tank among farms by the Brucella milk ring test (Gray and
Martin, 1980). Today, several European countries - such as England, Austria, Germany and
Sweden - are officially using bulk-tank milk testing to screen brucellosis in dairy herds.

In the literature, many diagnostic tests on milk are described as alternative to the Brucella
milk ring test developed by Fleischhauer in 1937, such as enzyme immunoassay, and indirect
enzyme-linked immunosorbent assays (ELISA) (Thoen et al., 1979; Nielsen et al., 1996;
Vanzini et al., 1998). Indirect ELISA or fluorescence polarization assay for the detection of
Brucella abortus in BTM samples were also evaluated with high sensitivities and specificities

(Thoen et al., 1995; Vanzini et al., 2001; Gall et al., 2002).
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Coxiella burnetii

Surveillance programmes for Coxiella burnetii using BTM samples are implemented in
Sweden. A survey in 2008 followed by an active surveillance in 2009 gave an overall estimate
of prevalence for dairy cattle of 8.2%. In the 1990s, BTM surveys in England and Wales were
conducted using an ELISA test and showed that 21 % of dairy herds were infected (Paiba et
al., 1999). Today, no active routine surveillance is conducted in England.

In cows, Coxiella burnetii are regularly shed via milk and the animals can be asymptomatic
(Rodolakis et al., 2007). Therefore, milk and BTM represent a good medium for the isolation
of the pathogen in dairy cows.

Coxiella burnetii can also be detected by nested PCR or real-time PCR assays. A screening
study in the United States reported a prevalence of 94.3% in samples of BTM from U.S dairy
herds. A real-time PCR was developed during the study (Kim et al., 2005). By testing BTM
and individual milk samples with a real-time PCR, Guatteo et al. could assess the relationship
between the PCR test results, the within-herd prevalence of the pathogen-shedder cows and
the proportion of heavy pathogen shedder cows in a herd. A commercial real-time PCR assay
was used (Guatteo et al., 2007). In Switzerland, from January to June 2006, bovine BTM
samples obtained from two dairies were screened for Coxiella with a nested PCR, resulting in
a prevalence of 4.7% (Fretz et al. 2007). Another survey was performed from May to
November 2007 with a more sensitive quantitative PCR, which resulted in an even higher
prevalence of 49% of 872 tested bulk milk samples (Baumgartner et al. 2009). The results of
these studies suggest that BTM can be a very useful tool to identify, control and prevent
Coxiella shedding in the dairy population. Diagnostic tools are also available commercially.
Listeria monocytogenes

Several prevalence studies were conducted in different countries to detect Listeria
monocytogenes in BTM. In a Swiss study, conducted in northeastern Switzerland, Listeria

monocytogenes could not be isolated from any of the 310 BTM samples - a prevalence of 0%.
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In the United States, 56 out of 861 BTM samples were positive for Listeria monocytogenes,
equal to a prevalence of 6.5%. In addition, no relationship between somatic cell count and
presence of Listeria monocytogenes in the BTM could be demonstrated (Van Kessel et al.,
2004). In an English study, conducted in northeastern Scotland, 180 bulk milk samples were
tested on three different occasions and an overall incidence of 3.8% was found (Fenlon and
Wilson, 1989). In Sweden, a prevalence study was conducted on BTM from farm tanks and
from dairy tanks. Listeria monocytogenes was found in 1% of the farm tanks and in 19.6% of
the dairy tanks (Waak et al., 2002). A Japanese study was conducted in the region of Nagano
and 943 BTM samples were screened for Listeria spp., Listeria spp. were isolated from 29
BTM samples corresponding to a prevalence of 3.1% (Yoshida et al., 1998). In all these
studies, the diagnosis of Listeria was made based on pathogen isolation through culture
methods.

Another study on BTM from dairies in the United States was conducted to identify risk
factors associated with the presence of Listeria monocytognes in BTM. The results revealed
that the contamination depended on the geographical region and the herd size in the collecting
area of the dairy (Antognoli et al., 2009).

Salmonella spp.

ELISA for indirect detection of Salmonella and real time-PCR have already been adapted and
developed for BTM or milk samples (Hoorfar et al., 1995; Hoorfar and Wedderkopp, 1995;
Veling et al., 2001; Van Kessel et al., 2004; Omiccioli et al., 2009). In Sweden, a BTM
screening was performed for Salmonella Dublin antibodies during a surveillance programme
in 2009. In a Swiss study, bulk-tank milk samples (n=310) in the Northwest region were used
for a screening study. In this study, all samples were negative (Stephan and Buehler, 2002).
Mycobacterium avium subspecies paratuberculosis (MAP)

Mycobacterium avium subspecies paratuberculosis causes granulomatous enteritis in cattle.

Johne’s disease (JD) is responsible for an important economic loss through production losses
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and premature culling. MAP is shed intermittently by sub-clinically and clinically infected
cows into manure and within macrophages in milk. MAP represents a very controversial
pathogen, because of its possible zoonotic potential and its capability to survive milk
pasteurisation. Milk and milk products represent the most probable transmission route to
humans. A PCR-based assay based on the detection of the insertion sequence 900 (1S900) was
developed and described by Pillai and Jayarao, 2002.

A study in BTM was carried out in Switzerland to assess the prevalence of the MAP specific
insertion sequence 1S900 and examine the eventual correlation between MAP and somatic
cell counts, total colony count and the presence of Enterobacteriacea. The prevalence was
19.7% and no correlation was found with somatic cell counts, total colony count and the
presence of Enterobacteriacea (Stephan, 2002).

Prevalence of MAP in milk from the whole of Cyprus was estimated based on gPCR,and was
found to be 28.6%. The author described the gPCR for 1S900 and F57 as a more sensitive
method for MAP detection in milk than culture (Slana et al., 2009).

An ELISA described by Nielsen and al. with a commercially available antigen and adapted
with Klausen from the Danish veterinary laboratory in Copenhagen can be used with some
modification for detection of high prevalence herds but not herds with a low prevalence;
individual cow testing will be needed (Nielsen et al., 2000).

Apparently unspecific reactions are more predominant in serum samples than in milk
samples, allowing lower cut-offs and pre-dilutions for milk samples. A commercially
available ELISA for the detection of antibodies against MAP was evaluated in the same study
(van Weering et al., 2007)

ELISA technology has gained an important place in herd-based testing schemes because of its
low cost and high-throughput potential. (van Schaik et al., 2003)

Faecal culturing is considered the Gold Standard for diagnosis of MAP, but due to the

intermittent shedding of the pathogen in the faeces, or the low number of pathogens in the
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material, together with its slow growth characteristics, the isolation of the organism is
fastidious and time-consuming. On large herds more challenging strategic measures have to
be implemented due to limitations of costs, time or laboratory space. Serum ELISA or pooling
of samples can be seen as additional possibilities in the JD surveillance. National control
programmes of JD are an immense challenge because of the particularities of the
epidemiology of the disease and the in majority poor performance of the test available
(McKenna et al., 2006).

Using a peptide in a peptide mediated, capture PCR approach with primers specific for the
MAP insertion element ISMav2 (Strommenger et al., 2001), the detection of MAP in BTM
samples from infected herds was possible (Stratmann et al., 2002).

A basic procedure for isolation of MAP from milk includes centrifugation to collect pellet
fraction, chemical decontamination and culture on slants containing antibiotics and other
supplements. This study showed that the freshness of the milk sample is an important factor
for a successful decontamination by identification of MAP in milk. Decontamination and
addition of antibiotics are also important. Higher temperature enhanced the effect of
decontamination on MAP survival. The best recovery of MAP was obtained from the pooled
cream and pellet fractions. A study also suggest a protocol for isolation of MAP from raw
milk (Gao et al., 2005).

MAP can survive the pasteurisation process at required minimum temperature of 72°C and
minimum holding time of 15s. From a survey of 312 samples of retail pasteurized cow’s milk
purchased from supermarkets in southern England and Wales, Millar et al. found PCR
positive samples, but could not differentiate between viable or non viable MAP cells (Millar
et al., 1996).

Viable MAP was cultured from 1.6% of bulk raw milk and 1.8% of commercially pasteurized
milk samples from approved dairy processing establishments throughout the United Kingdom

(Grant et al., 2002).
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An immunomagnetic separation (IMS) technique was developed for the selective isolation of
MAP cells from milk and it can be used in combination with detection method such as PCR
or ELISAs (Grant et al., 1998).

Diagnostic protocols used in bulk-tank milk samples for parasite screening

Neospora caninum, Fasciola hepatica, Ostertagia ostertagi and Dictyocaulus viviparous
Several studies have also shown the potential of BTM to screen for parasites in dairy cattle
populations (Chanlun et al., 2002; Bartels et al., 2005; Chanlun et al., 2006; Frossling et al.,
2006; Bartels et al., 2007; Bennema et al., 2009).

Conclusion

BTM testing is a valuable tool for monitoring mastitis, epizootics, zoonoses and other
pathogens. Many different diagnostic tests have been described in the scientific literature for
many different pathogens. Applications on the national level include surveillance for
demonstrating freedom from disease, surveillance of endemic diseases and early detection of
introduction of new or re-emerging diseases. On the farm level, BTM testing can be used to
aid decisions on herd health management, and for prevention and control of disease in the
herd. While many diagnostic tests were originally developed for use in serum or other
matrices also deliver valuable results on BTM, it is crucial that tests are specifically evaluated
for their sensitivity and specificity in BTM, and for their fitness for the purpose of the

surveillance or control programme.
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Summary

In Switzerland, annual surveys to substantiate free-
dom from infectious bovine rhinotracheitis (IBR) and
enzootic bovine leucosis (EBL) are implemented by a
random allocation of farms to the respective survey as
well as blood sampling of individual animals at farm
level. Contrary to many other European countries,
bulk-tank milk (BTM) samples have not been used
for active cattle disease surveillance for several years in
Switzerland. The aim of this project was to provide a
financial comparison between the current surveillance
programme consisting of blood sampling only and
a modified surveillance programme including BTM
sampling. A financial spreadsheet model was used for
cost comparison. Various surveillance scenarios were
tested with different sample sizes and sampling fre-
quencies for BTM samples. The costs could be halved
without compromising the power to substantiate
the freedom from IBR and EBL through the surveil-
lance programme. Alternatively, the sensitivity could
be markedly increased when keeping the costs at the
actual level and doubling the sample size. The risk-
based sample size of the actual programme results in a
confidence of 94,18 % that the farm level prevalence is
below 0,2 %. Which the doubled sample size, the con-
fidence is 99,69 % respectively.

Keywords: bulk-tank milk, infectious bovine rhinotra-
cheitis, enzootic bovine leucosis, financial comparison

Kosteneffizienz von Uberwachungsprogram-
men unter Nutzung von Tankmilchproben zum
Nachweis der Freiheit von infektioser boviner
Rhinotracheitis und enzootischer boviner
Leukose in der Schweiz

In der Schweiz wird der Nachweis der Freiheit von
infektiéser boviner Rhinotracheitis (IBR) und en-
zootischer boviner Leukose (EBL) mittels jihrlicher
Untersuchung von Blutproben von Einzeltieren aus
einer Zufallsstichprobe erbracht. Im Gegensatz zu
verschiedenen europdischen Lindern wurden Tank-
milchproben seit mehreren Jahren nicht mehr in der
aktiven Uberwachung von Tierseuchen genutzt. Das
Ziel dieses Projektes war ein finanzieller Vergleich
zwischen dem heutigen Uberwachungsprogramm
mittels Blutproben und einem modifizierten Uber-
wachungsprogramm unter Einbezug von Tankmilch-
proben um die Kostenersparnisse einschitzen zu
konnen. Ein finanzielles Spreadsheet-Model wurde
fiir den Kostenvergleich benutzt. Szenarien mit ver-
schiedenen Stichprobenumfingen und -frequenzen
wurden entwickelt. Die Kosten konnten halbiert
werden ohne eine Verschlechterung der Qualitit des
Uberwachungsprogramms fiir den Freiheitsnachweis
von IBR und EBL. Ebenso konnte die Sensitivitit des
Programms deutlich erhoht werden unter Beibehal-
tung der gegenwirtigen Kosten und einer Verdop-
pelung der Stichprobengrdsse. Die risikobasiert be-
rechnete Stichprobe des gegenwirtigen Programms
erreicht ein Vertrauensniveau von 94,18 % bei einer
Designprivalenz von 0,2% infizierter Herden. Mit
der doppelten Stichprobengrdsse betrigt das Vertrau-
ensniveau 99,69 %.

Schliisselworter: Tankmilch, infektidse bovine Rhi-
notracheitis, enzootische bovine Leukose, finanzieller
Vergleich
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Introduction

Substantiating freedom from disease is the basis for in-
ternational free trade of animals and animal products
(OIE, Terrestrial animal health code, Vol.1, Section 1,
Chapter 1.4, Article 1.4.6., 2010). In Switzerland, annual
serological surveys are conducted in order to demon-
strate freedom from infectious bovine rhinotracheitis
(IBR), enzootic bovine leucosis (EBL), brucella meli-
tensis, Aujeszky's disease and porcine reproductive and
respiratory syndrome (PRRS). As Switzerland is free of
these diseases, the low design prevalence at herd level as-
sumed in sample size calculations necessitates the sam-
pling of a large number of herds. The sampling procedure
is a two-stage process. Firstly, the requested number of
herds is randomly selected from the national flock and
secondly, a predefined number of animals is tested within
each selected herd. The tested animals can thus be seen as
a representation of the whole herd. To reduce costs, two
strategies can be followed: reducing the number of herds
to be sampled, for example through risk-based approach-
es for sample size calculations (Hadorn et al., 2002; Stark
et al.,, 2006; Schwermer et al., 2009) or reducing the cost
of sampling by getting similar herd level sensitivity with
fewer tests or less expensive sampling procedures. In the
last few years, the main focus in Switzerland was reducing
the number of herds that were tested. However, as the de-
velopment of cost-effective tools for animal disease sur-
veillance is of high importance to scientists and decision-
makers in the field of veterinary public health, the second
strategy is also highly valuable.

Bulk-tank milk (BTM) sampling represents a fast, eas-
ily available, inexpensive and non-invasive sampling
method to investigate herds. In Northern European
countries, BTM has been in use in epizootics eradica-
tion or surveillance programmes since the eighties and
its implementation has since been expanded to many
other European countries as well as Australia (Hutchi-
son and Martin, 2005). The eradication or surveillance
programmes already implemented for IBR and EBL in
Austria, Sweden, Norway, Denmark, England, Holland
and Finland were a strong motivation for this project
(Van Wuijckhuise et al., 1998; Nylin et al., 2000; Paisley et
al., 2001; Nuotio et al., 2003; Nuotio et al., 2007; Brun et
al., 2007). In Switzerland, pooled individual milk samples
were used in the control of IBR in the eighties (Acker-
mann et al., 1990)

In the milk-testing scheme in Switzerland, BTM samples
are routinely collected from all dairy farms, and sub-
sequently tested (somatic cell counts, bacterial counts
and antibiotic-residue testing). All samples are tested in
a single laboratory since the start of 2011. At least two
BTM samples per month are collected from each Swiss
dairy farm. The BTM samples are kept between 1-5°C
without using preservatives. These samples represent a
readily available sample matrix for screening. The BTM
sampling procedure is also non-invasive for the animal,

avoiding stress and negative effects that an invasive blood
sampling can cause. Lower costs regarding farm visits,
blood sampling procedures and materials render it a
valuable and inexpensive sampling method.

This study aimed to compare the costs between the cur-
rent surveillance programme for IBR and EBL with blood
samples from individual animals, and a surveillance ap-
proach using BTM samples from dairy farms included
in the milk-testing scheme in combination with the col-
lection of blood samples from all other farms. Several
surveillance scenarios were tested with two main goals:
to either substantially reduce the costs or to increase the
sensitivity of the surveillance programme maintaining
the same costs. To reach these goals, a literature review of
IBR and EBL BTM diagnostic tests was conducted and an
overview of all available commercial tests was obtained
to allow a better evaluation of the practicability of BTM
testing. Data of the surveillance programme conducted
in 2009 was used for the comparison. The results of this
study should help to give guidance regarding the decision
whether BTM testing should be used in the future for IBR
and EBL surveillance in Switzerland.

Material and Methods

Bulk-tank milk sampling in Switzerland

BTM represents the entire milk production delivered by a
dairy farm daily or every two days. The BTM samples are
automatically collected on each farm by milk-collection
tankers along the milk collecting routes. In Switzerland,
a large number of farms are also sampled manually at
milk collection locations, at dairies and at milk collect-
ing or centrifugation plants. Specially-trained profession-
als take the samples in accordance with the international
standards of the International Dairy Federation (IDF)
and the Swiss law (Ordinance of 23 November 2005 on
milk quality (MQV) and FVO, Technical directive for the
execution of milk quality control of 30 Mai 2005: Ver-
sion of 9 February 2009). BTM samples are refrigerated at
1-5°C and sent to a single laboratory for the milk inspec-
tion analyses.

Swiss livestock population 2009

The number of cattle holdings in Switzerland in 2009 was
44’589 (Animal Movement Database, TVD, 2009). The
number of dairy farms participating in the milk-testing
scheme was 27°131 (61 % of all cattle farms) with a to-
tal of 578’689 dairy cows. The mean number of cows in
these dairy herds in 2009 was 21.3 animals (Federal Of-
fice of Agriculture, FOAG, 2009). The majority of cows
(81,6 %) are kept on the farms participating in the milk-
testing scheme. The other farms represent the cattle hold-
ings where only beef cattle are reared, farms where cattle
are reared non-commercially or dairy farms from which
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BTM samples are not collected because they do not sell
their milk to a dairy. In 2009, this represented a total of
17’458 farms and a percentage of 39 % of all Swiss cattle
farms. We obtained the number of farms from which
BTM samples could not be collected and used by calcu-
lating the difference between the total number of Swiss
cattle farms and the total number of farms participating
in the milk-testing scheme. Currently, all these farms have
to be surveyed with individual animal blood samples.
There has been a strong decline in the number of Swiss
milk producers in the last decade. The numbers of pro-
ducers has fallen by 28,2 % with a simultaneous increase
in the number of dairy cows per farm.

Framework of the financial model for the
surveillance of IBR and EBL

The model framework was created in an Excel spreadsheet
(Excel 2007, Microsoft, Seattle, WA). The spreadsheet
model developed by Menéndez (2008) for a financial
evaluation project of animal disease surveillance pro-
grammes in Switzerland was used as a basis. In the model,
the different steps of the surveillance programme are de-
scribed in detail and their costs are calculated. These steps
include planning, implementation, sampling, laboratory
testing, data management, controlling, data analysis and
communication. Each step contains sub-steps with a de-
scription of the procedure and associated costs. For the
costs calculation of the IBR and EBL surveillance using
BTM samples the model required further refinements, so
several sub-steps were added. In the planning procedure,
we added the labour expenses for allocating farms to
dairy or beef farms as labour. In the implementation pro-
cedure, we added the communication of the assignment
of farms to the milk testing scheme laboratory as labour.
In the sampling procedure, we added the triage, sorting
and the delivery of the milk samples to the laboratories
through the milk testing scheme laboratory as operations
and expenses. In the laboratory testing procedure, we
added the testing of BTM IBR Enzyme-linked Immuno-
sorbent assay (ELISA) and EBL ELISA as operations and
expenses. To ensure that dry cows or cows on medication
(e.g. cows with mastitis, being treated with antibiotics)
would be included, the model foresaw that all farms with
BTM samples were sampled and tested twice in an inter-
val of three months.

Surveillance costs: input data

Costs had to be estimated in order to calculate the cost-
effectiveness of the surveillance programme. The cost es-
timations were collected from the FVO, the Institute of
Virology and Immunoprophylaxis (IVI), the milk-testing
laboratory (Suisselab AG) and the Swiss Post. The labour
costs for the different collaborators at the Federal and
Cantonal Veterinary Offices had to be quantified as wage
rates. The time each collaborator spent on the surveillance
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programme was also estimated. The labour costs were es-
timated at an hourly rate in Swiss Francs. The costs for a
farm visit were estimated at 28 CHF and blood sampling
per individual animal at 8.50 CHF. The material used for
the blood sampling (e.g. tubes and needles) was estimat-
ed at 0.30 CHF per blood sample. The handling costs of
BTM samples were estimated at 5 CHF per sample. The
laboratory costs for blood serum ELISA and BTM ELISA
were estimated in CHF per tested sample. The unit price
per tested sample included labour, materials and general
laboratory charges. The costs of a blood serum ELISA
were estimated at 21.70 CHF and BTM ELISA at 25 CHE.

Annual Swiss IBR and EBL surveillance
programme with individual animal blood
samples

Currently, the sample size of this surveillance programme
is calculated according to the risk-based approach first
suggested by Hadorn et al., (2002), modified by Knopf et
al., (2007) and Schwermer et al., (2009). A herd sensitiv-
ity of 99% and a herd specificity of 100% for IBR and
EBL are used for the calculation of the sample size of the
actual IBR and EBL surveillance programme. The sensi-
tivity and specificity for the IBR blood serum ELISA are
99,3 % and 98,3 % (CHEKIT® Trachitest Serum, IDEXX
Laboratories) and for the EBL blood serum ELISA 99,9 %
and 99,8 % (CHEKIT® Leucose Serum, IDEXX Laborato-
ries). These values were obtained from the Swiss reference
laboratories for the named diseases. Blood samples of all
cattle older than 24 months are collected on cattle farms.
If there are fewer than 7 animals older than 24 months on
a farm, younger cattle are also sampled to reach a number
of 7 blood samples and thus ensure a sufficient level of
herd sensitivity. For the calculation of the sample size, a
herd sensitivity of 99% and a herd specificity of 100 %
are assumed. These parameters resulted in a sample size
of 1’410 cattle farms for the survey in 2009.

Bulk-tank milk surveillance programme
scenarios

The scenarios were built based on a sample size that al-
lowed to declare with 99 % reliability that less than 0,2 %
of herds are infected with IBR or EBL, as agreed in the
bilateral treaty with the European Community (2002:
Agreement between the European Community and the
Swiss Confederation on trade in agricultural products.
Official Journal of the European Communities L 114,
132—349). Five surveillance scenarios based on two ob-
jectives were compared with the current surveillance
programme. The definition of scenarios followed the
assumptions that either the performance of the current
surveillance programme was sufficient for the regulators
or that the costs were acceptable. Consequently, the first
outline was a surveillance programme that should cost
less, while achieving the same sensitivity as the current
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surveillance programme, e.g. use the same sample size as
the actual programme. For the second outline, the target
was to increase sensitivity while using not more than the
current costs, e.g. the costs were fixed. To achieve this,
either the sample size or the sampling frequency was in-
creased. From these two baseline outlines, five scenarios
for the BTM surveillance programme were evaluated,
representing different sample sizes, different sampling
recurrence and different fluctuating costs. The first sce-
nario «Milk 1» was based on the same sample size as the
sampling programme from 2009. In this scenario, a total
of 1’410 cattle farms had to be sampled once a year, 550
through blood samples with a total of 10’815 examined
blood serum samples and 860 dairy farms through BTM
samples. In the second scenario «Milk 2», an estimation
of the costs of 100 additionally sampled dairy farms was
made in order to evaluate the mean costs and sensitivity
of additional BTM sampling. Thus the cost-effectiveness
of an increase in the sample size could be evaluated. This
approach for the estimation of extra costs for sampling
of additional farms offers higher accuracy compared to
just stating the cost inputs for an additional farm, as the
general costs for the programme are here split among all
farms. General costs include all the costs for planning, im-
plementation and administration of the surveillance pro-
gramme. For the «fixed costs» outline we observed that
this would correspond to doubling the sample size. As it
is easier to communicate, we choose this approach rather
than keeping the costs exactly the same as in the actual
programme. The third scenario «Milk 3» was based on
the doubled sample size compared with the survey from
2009. The fourth scenario «Milk 4» based again on the
same sample size of the Swiss disease surveillance from
2009, but samples were taken twice a year. This scenario
would thus be able to detect a disease event earlier than
annual surveys. The fifth scenario «Milk 5» contained the
sampling of all dairy farms included in the milk-testing
scheme once a year and actual sampling of blood sam-
ples. 27’131 BTM samples and 550 beef farms with a total
of 10’815 blood serum samples had to be tested.

Bulk-tank milk diagnostic tests IBR and EBL

Diagnostic use of ELISAs on BTM samples is common for
IBR and EBL (Klintevall et al., 1991; Hartman et al., 1997;
Sargeant et al., 1997; Nylin et al., 2000; Stahl et al., 2002;
Ridge and Galvin, 2005). After an enquiry with 13 labora-
tories in Europe, commercially IBR and EBL BTM ELISAs
were identified on the market (Tab. 1).

Additional costs: Follow-up testing for
non-negative bulk-tank milk samples

In the case of non-negative BTM test results, it was as-
sumed that blood samples of every single animal from
the farms would have to be collected and tested. To assess
the potential proportion of non-negative BTM results per

sampling round, the data from the BTM surveillance pro-
gramme of 2008 for IBR, EBL and brucellosis from the
Austrian Agency for Health and Food Safety (AGES) were
used. In this programme, BTM from all Austrian dairy
farms were tested once a year. As Switzerland, Austria is
also free of IBR and EBL, and therefore, the epidemio-
logical situation is similar. In the Austrian surveillance
programme, 0,25 % of the BTM samples were not nega-
tive for IBR and 0,15 % for EBL. Therefore, if the scenario
«Milk 1» was implemented in Switzerland, approximate-
ly 3 BTM samples could be not negative for IBR and ap-
proximately 2 BTM samples for EBL per sampling round.
For the scenario «Milk 5», a total of approximately
68 BTM samples could be not negative for IBR and ap-
proximately 41 BTM samples for EBL. For the addition-
al costs of the follow-up testing for non-negative BTM
samples, the steps «sampling» and «laboratory testing»
were taken into consideration because these represent fix
costs for the re-testing in the model and do not depend
on each Cantonal Veterinary Office. In the Swiss disease
surveillance programme of 2009, the average of the tested
blood samples per farm was 20.2. In the calculation, it
was assumed that at least 20 animals per non-negative
farm were retested individually.

Calculation of programme’s sensitivity

To compare the detection power of the different scenarios,
the probability to detect the farm-level design prevalence
of 0,2% was calculated using the freeware «freecalc»
(AusVet Animal Health Services, Toowoomba, Australia).
The sensitivity and specificity of testing an individual
farm was set at 99% and 100% irrespectively whether
the farm was tested using individual blood samples or
BTM. The calculation was done with a population size
of 41100 cattle farms (Swiss Federal Statistical Office).

Results

Costs, the number of samples and the archived confidence
of freedom for the current surveillance programme as well
as for the different BTM scenarios are summarised in the
Tables 2 and 3. The mean total surveillance costs for the
current surveillance programme for IBR and EBL with
blood samples is 1’662°468 CHF for the year 2009. The
majority of the expenditures was for the laboratory test-
ing procedures — some 73,9 % of the total costs. For the
scenario «Milk 1», the total costs of this surveillance pro-
gramme for IBR and EBL including BTM samples were
853’445 CHF. With this scenario the costs were reduced
to approximately half of the current costs. For the scenario
«Milk 2», the total costs were 864’445 CHF. Thus, for 100
additional BTM samples, the additional costs were only
11’000 CHE. Scenario «Milk 3» remained less expensive
than the current risk-based programme, despite doubling
the sample size. For the scenario «Milk 4» the extra costs in
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Table 1: Commercially available BHV-1 and EBLV ELISAs in 2009 - (ND = no data available).

Producer Disease | Testskits Sensitivity Specificity
e Dlagnl?stlcs, IBR Bio K 238 Blood serum, milk and bulk milk ND ND
Jemmel, Belgium
Hipra , Amer, Spain IBR CIVTEST BOV IBR Blood serum, milk and bulk milk ND ND
Ing?nesa, Ll EBL Ingezim BLV Blood serum and milk ND ND
Spain
Idexx, Maine, . . . "
. IBR BHV-1 Tank milk Milk and bulk milk up to 50 animals  100; 98 100; 94
United States
ldexxc Leukosis Milk x4 bulk milk >99 99
Screening Ab
ppr | Fourquier ELISA Milk and bulk milk ND ND
Leucose lait
Pourquier ELISA . q
IBR-IPV sérum et lait Blood serum, milk and bulk milk ND ND
LSI, Laboratoire
Service International, IBR LI MI4LK Milk and bulk milk up to 50 animals { ND ND
. IBR Screening
Lissieu, France
Seroe, Vgl IBR Svanovir IBR -ab Blood serum, milk and bulk milk S5 MRl S I
Sweden vs. Serum: 92.8 vs. Serum:100
*Ridge and Galvin, : Ridge and Galvin,
EBL Svanovir BLV-gp51-Ab i Blood serum, milk and bulk milk 2005: 50.4; Nuotio :2005: 99.9; Nuotio
etal.,,2003: 100% :etal., 2003: 93.4%
Syl EBL lingiitn ELV — Milk and bulk milk up to 50 animals {ND ND
France Mono Indirect
MR ADB Ep i il il v S0 crfretly 0D ND
Indirect
Lactelisa BLV Ab . . . Ridge and Galvin, :Ridge and Galvin,
Tank 250 Bi indirect | Vi< and bulkmilk up to 250 animals {5, 2005:99.6

*In the study of Ridge and Galvin, 2005, comparing two BTM ELISAs, the sensitivity of one of the BTM test showed a very low sensitivity of
50.4 %. This obviously does not represent the true evaluation of the sensitivity. The tests used in absence of a gold standard could not estimate the
true sensitivity and specificity of both EBL ELISAs, due to the fact that the two assays being compared were not independent.

comparison to the blood serum surveillance programme
were 44’422 CHEF. For the scenario «Milk 5», the total
costs were 3°743°255 CHE. The laboratory costs for the
BTM represented the major cost factor in this programme.
The total costs of a re-sampling and re-testing were at least
3’300 CHF for the less expensive scenario «Milk 1». The
total costs of re-sampling and re-testing were 27’300 CHF
for the most comprehensive scenario «Milk 5».

In the scenarios «Milk 3» and «Milk 5» the achieved con-
fidence levels were higher than required 99 %. In the ac-
tual programme and the scenarios «Milk 1» and «Milk
4» the sample size are equal in each sampling round and
consequently the achieved confidence is the same. The
testing of 100 more samples increased the confidence by
1% in scenario «Milk 2».

Discussion

This financial comparison made it possible to assess
the savings generated by including BTM samples in the
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surveillance programmes. Either the costs were reduced
by 50%, without any major impact on the quality of
the surveillance programme. Or when the costs were
maintained, the sample size or sample recurrence were
increased, resulting in a higher sensitivity of the surveil-
lance programme. For the sample size calculation, the
herd sensitivity in the current blood sampling surveil-
lance programme was estimated to be 99%. Given the
data on sensitivity of BTM tests there is no indication of
a substantial decrease in the herd sensitivity as a result
of the implementation of these tests (Tab. 1). The sam-
ple size is therefore not affected by this change, allowing
us to use the same sample size calculation for the milk
scenarios as for the actual blood sampling. The actual
programme fulfils the required confidence level of 99 %
through the utilization of a risk-based sample size cal-
culation (Hadorn et al., 2002; Schwermer et al., 2009). In
this approach the actual achieved confidence in an an-
nual survey is combined with the results of prior surveys
and can thus be lower than the required confidence level.
In contrast, in scenario «Milk 3» the required confidence
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Table 2: Summary of scenario designs for IBR/EBL-surveillance with different sample sizes and combinations of dairy and

non-dairy farms.

Scenario | No. of bulk milk samples No. of blood samples  : Description

«Bloods B 2732 Acltual programme; blood samples from dairy and non-
dairy farms

Milk 1» 260 10,815 Same sample size as a?tual programme; blood samples
are only from non-dairy farms

Milk 25 860 + 100 10,815 «Milk 1» and 100 .addmonal BTMS; blood samples are
only from non-dairy farms

«Milk 3» 1,720 21,630 Double sample size as «Milk 1» for dairy and non-dairy
farms

«Milk 4» 2 x 860 2x10,815 «Milk 1» twice a year for dairy and non-dairy farms

«Milk 5 27,131 10,815 BTMS from a'll available (?alry fflrms and blood samples
from non-dairy farms as in «Milk 1»

Table 3: Summary of the surveillance scenario’s sensitivity and costs: Detection probability refers to the probability to detect
a farm level design prevalence of 0.2 % in the Swiss cattle population; General costs are all costs for planning, implementa-
tion and administration of the surveillance programme. The costs are in CHF. Percentages refer to the total costs of the sur-
veillance programme. The costs per average farm are calculated by dividing the total costs by the number of farms sampled.
* This detection probability refers to a interval of 6 months in contrast ta an interval of 12 months for the other scenarios.

T Detectiqn Total safnlgh':;rgl( tT: si:]i(ng Blood sampling ;| Blood testing General i‘:,set:a’;e;
probability | costs costs (%) costs (%) costs (%) costs (%) farm
«Blood» 94.18% 1°662'468 295°021(17.8) 1'229°036 (73.9) | 183’411 (8.3) 1179
«Milk 1» 94.18% 853°445 95°520 (11.2) 122°072 (14.3) 494’838 (58) 141°015 (16.5) 605
«Milk 2» 95.26% 864’445 106°520 (12.3) 122°072 (14.1) 494’838 (57.3) | 141°015 (16.3) 572
«Milk 3» 99.69 % 175287040 190’120 (12.5) 2327652 (15.2) 964’252 (63.1) 1417015 (9.2) 541
«Milk 4» 94.18%* | 1°706°890 191°040 (11.2) 244’144 (14.3) 989’676 (58) 282°030 (16.5) 1211
«Milk 5» >99.99% 3743255 27985330 (79.7) 122°072 (3.3) 494’838 (13.2) 141°015 (3.8) 134

is achieved in each sampling round. The added value in
scenario «Milk 4» is not a higher confidence per sampling
round, but the shorter time interval between the sampling
rounds. By this, the programme is better suited for early
detection purposes. In the scenario «Milk 5», the confi-
dence as close to 100 %, that it is out of the calculation
power of the software used. In consequence, this scenario
would provide the highest probability of freedom of all
scenarios. However, as in this scenario a large part of the
cattle farms are out of the sampling frame, the sample is
not representative for the Swiss cattle population.

The factors representing the major costs in the scenari-
os were identified. These costs were related to herds not
participating in the milk inspection scheme due to the
costs of blood sampling of individual animals and test-
ing of individual blood samples. Several possibilities
are conceivable to reduce these costs, such as the pool-
ing of blood samples, the sampling in slaughterhouses
or the risk-based selection of farms for the sampling.
Minor extra labour could be expected in the step «plan-
ning» of the surveillance programme for separating dairy
farms, which can be tested through BTM samples, from
beef farms, which still have to be tested through blood

samples. In Switzerland, the TVD and the Information
Database of the Swiss Veterinarian Authorities (ISVet)
provide an excellent basis for conducting this classifica-
tion more easily. In contrast, utilising additional BTM
samples is rather inexpensive, as scenario «Milk 2» shows.
Thus BTM samples also provide a quick and inexpensive
means to modify the surveillance programme if require-
ments change, for example if testing of all dairy farms in
a certain region in the case of a disease outbreak is re-
quired. By the sampling of all Swiss dairy farms — sce-
nario «Milk 5» — the costs of the laboratory testing for
the BTM samples represented the major cost factor of
the surveillance programme. However, a reduction of the
costs per BTM ELISA in the laboratories can be expected
if the test is introduced on a routine basis.

The limitations of BTM samples also need to be consid-
ered. BTM samples only represent the cows delivering milk
to the bulk-tank on the day of sampling, excluding dry
cows, diseased cows, cows in the colostral period and other
non-milking cattle. In each scenario, this problem was ad-
dressed by collecting and testing two BTM samples in a
minimal interval of three months. It was expected, that a
second round of sampling would be sufficient to compen-
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sate this effect, as the dry period is on average 2 months
and diseased cows should have recovered or have been
culled in that time. The BTM diagnostic tools are sensitive
to the number of pooled milk samples contained in the
bulk-tank, the number of shedding cows and to the con-
centration of antibodies. The average acceptable maximal
dilution for an ELISA for BTM seems to be < 50 animals
in one bulk-tank sample, depending on the ELISA, as well
as on the disease and the manufacturer. In an Australian
study of a comparison of two ELISAs for detecting EBL,
one of the ELISAs failed to detect EBL antibodies by a dilu-
tion of 1 in 40, whereas the comparable value for the other
ELISA was 1 in 200 (Ridge and Galvin, 2005). By means of
a dilution trial from a Danish study, a BTM BHV-1 block-
ing ELISA detected 75% of the herds as BHV-1 seroposi-
tive with one out of ten cows being seropositive, but only
up to 25% of the herds with one cow being seropositive
out of > 60 cows (Nylin et al., 2000). Switzerland has fa-
vourable conditions because of its small cattle herd size.
The average number of cows in dairy farms in 2009 was
21.3. Additionally, only 2,9 % of dairy herds in Switzerland
consist of more than 50, which means that 97,1 % of all
Swiss dairy herds could be included in the BTM sampling
surveillance programme and could be tested under opti-
mal testing conditions. If the herd prevalence is low and
the dilution is high, there will be a possible risk that a posi-
tive herd can remain undiscovered while the disease has
already spread (Frankena et al., 1997; Nylin et al., 2000). A
second round of sampling is also a valuable tool to detect
this spread more quickly and also to detect false-negative
herds with a recent infection history and which had tested
negative in the first round of sampling (Houe et al., 2006).

In Switzerland, a trend towards a decrease of dairy farm
numbers with a simultaneous increase of respective
herd size is currently observed. These general conditions
therefore need to be monitored, and the surveillance pro-
gramme should be adjusted when needed.

Conclusion

BTM sampling is a cost-effective method for cattle disease
surveillance. The FVO is therefore organising a BTM pilot
survey for the surveillance of IBR and EBL and foresees
the implementation of BTM sampling in future surveil-
lance programmes. The utilization of BTM samples also
increases the flexibility of the surveillance programmes
to changing needs, for example increased surveillance in-
tensity in case of disease events or increase in the early
detection capabilities of the survey design.
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Efficacité économique des programmes de
surveillance utilisant des échantillons de lait
de citerne pour démontrer I'absence de rhino
trachéite infectieuse bovine et de leucose
enzootique bovine en Suisse

En Suisse, 'absence de rhinotrachéite bovine (IBR) et
de leucose enzootique bovine (EBL) est démontrée par
l'examen annuel d'échantillon sanguin d'animaux in-
dividuels choisi au hasard. Contrairement a plusieurs
pays européens, les échantillons de lait de citerne ne
sont plus utilisés depuis de nombreuses années dans
la surveillance actives des épizooties. Le but de ce
projet était une comparaison financiére entre les pro-
grammes de surveillance actuels au moyen d'échan-
tillons sanguins et un programme de surveillance mo-
difié comprenant des échantillons de lait de citerne,
ceci afin d'estimer les économies possibles. Un mo-
dele de tableur financier a été utilisé pour comparer
les cotits. On a développé des scénarios avec diverses
quantités et fréquences d'échantillonnages. Les cotits

Ottimizzazione dei costi dei programmi di
sorveglianza con l'uso di campioni di latte da
cisterna per dimostrare I'assenza di rinotra-
cheite infettiva bovina e leucosi bovina enzoo-
tica in Svizzera

In Svizzera, l'assenza di rinotracheite infettiva bovina
(IBR) e di leucosi bovina enzootica (EBL) viene di-
mostrata tramite un esame annuale di campioni di
sangue di singoli animali provenienti da un campione
casualizzato. A differenza di molti paesi europei, l'uso
di campioni di latte da cisterna non si utilizza pia da
diversi anni per la sorveglianza attiva delle malattie
negli animali. L'obiettivo di questo progetto ¢ di fare
un confronto finanziario tra l'odierno programma di
monitoraggio che utilizza campioni di sangue e un
programma di monitoraggio modificato che include
campioni di latte da cisterna al fine di stimare i rispar-
mi sui costi. Un modello di calcolo finanziario ¢ stato
utilizzato per il confronto dei costi. Sono stati svilup-
pati scenari con differenti dimensioni e frequenze del
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pourraient étre diminués de moitié sans diminution
de la qualité de programme de surveillance. De méme,
la sensibilité du programme pourrait étre nettement
augmentée en maintenant les cout actuels et en dou-
blant le nombre d'échantillons. Les échantillons du
programme actuels, basé sur le risque, atteignent un
niveau de confiance de 94.18 % avec une prévalence
désignée de 0.2% de troupeaux affectés. En doublant
le nombre d'échantillon ce niveau de confiance atteint
99.69 %.

campione. I costi potrebbero essere dimezzati senza
deterioramento della qualita del programma di sorve-
glianza per dimostrare l'assenza IBR e EBL. Allo stesso
modo, la sensibilita del programma potrebbe essere
aumentata in modo evidente, pur mantenendo i costi
attuali ma raddoppiando la dimensione del campione.
Il campione, calcolato in base al rischio, del program-
ma corrente ha raggiunto un livello di affidabilita del
94.18 % con una prevalenza dello 0.2% degli alleva-
menti infettati. Raddoppiando la dimensione del cam-
pione, il livello di affidabilita ¢ del 99.69 %.
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Chapter 4

Public health prioritisation of zoonotic pathogens that can be transmitted to

humans by raw milk or milk

Introduction

Background

To be able to allocate resources for research and surveillance of infectious diseases
efficiently, prioritising pathogens has become increasingly necessary in the field of public
health. Several studies adopting different methods have been published for prioritizing
foodborne pathogens. However, the focus of these publications was either alone on foodborne
zoonotic pathogens in general or on pathogens relevant for health issues in dairy cattle. None
of these studies was about zoonotic pathogens that can be transmitted to humans via milk and
thus, to the best of our knowledge, no study about the prioritisation of zoonotic pathogens
transmitted by raw or heat-treated milk was ever published in Switzerland (Mangen et al.,
2009; Wells et al., 1998; Doherty, 2000; Mangen et al., 2006; Havelaar et al., 2008; Cardoen
et al., 2009; Ruzante et al., 2010). In Switzerland, both trading of milk and cheese production
are economically very important. The trade with milk is well controlled by official and private
institutions and thus an exceptional high level of security is provided. By law, only heat-
treated milk can be sold as foodstuff, and raw milk is not considered ready for consumption.
However, raw milk can be sold to consumers leaving the task of heat treatment to them.

As we were interested in the economic evaluation of surveillance systems using bulk-tank
milk sampling, the identification of the major zoonotic pathogens transmitted by milk or raw
milk in Switzerland was necessary as a first step. Therefore, a literature review about zoonotic
pathogens - their epidemiology and especially probability of surviving the heat treatment
(thermisation or pasteurisation) in the milk - was carried out. To gain an overview of the
Swiss situation, an evaluation of the exhaustive selection of zoonotic pathogens that could be
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transmitted by raw milk was organized with a panel of Swiss experts. The aim was to gain a
conclusive priority setting or selection to decide which pathogens are the most significant to
be surveyed through bulk-tank milk (BTM) in Switzerland. The experts mainly valued raw
milk as a source of infection for humans. The pathogen’s survival of thermisation and
pasteurisation was also considered as a potential risk of infection, but of much less
importance.

A questionnaire was developed using the methodology based on the method for prioritisation
of infectious diseases by Krause and the working group on prioritisation at the Robert Koch
Institute, Germany (Krause, 2008) as a general model. This methodology provided a
standardised, systematic, reproducible and plain tool. The aim of this study was to identify
zoonotic pathogens which pose a risk for human health through the consumption of milk and
which could be surveyed suitably in BTM.

Materials and Methods

First, a literature review revealed the zoonotic pathogens for prioritisation based on their
presence and potential to be transmitted to humans through the consumption of raw milk.
Afterwards, experts of the working group curtailed the list of pathogens. The final list
included 16 pathogens that were integrated in an expert survey (Table 1).

Questionnaire

For each pathogen, the 6 categories (1) “burden of disease towards humans”, (2)
“epidemiologic dynamics in humans”, (3) “incidence in milk”, (4)“available scientific
information”, (5) “economic significance” and (6) “public attention or perception” were to be
rated. Questions of the first category included the ranking of the severity of disease, the
incidence and the mortality in humans caused by the pathogen in Switzerland. In the second
category questions included the ranking of the outbreak potential, the trend, the transmission
and the potential of the pathogen to spread. In the third category we questioned the ranking of

the potential of transmission through raw milk, the viability and the potential of transmission
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in heat treated milk, the viability and the potential of transmission in pasteurised milk and the
potential of prevention of cases through BTM sampling. Questions of the fourth category
included an appraisal of the current knowledge on epidemiologic information, evidence of
risk factors or groups at risk, evidence of pathogenesis and transmission pathways for the
pathogen. Questions of the fifth category included ranking of the production losses caused by
the pathogen. Questions of the last category included the presence of national and
international regulations on trade of animals and animal products and an appraisal of the
current public attention or perception of the pathogen.

The pathogens were rated according to 14 criteria. For each criterion a numerical score of +1,
0 or -1 was available. The score of +1 indicated a high importance and a score of - 1 a low
importance with respect to the criterion. A score of O represented an average importance. The
numerical scores of each criterion were added giving a total numerical score for all 14 criteria
(Krause, 2008). Additionally, a weight between 1 and 5 was assigned to each criterion by
which the numerical score was multiplied. This weight was attributed to the criterion before
the beginning of the survey by our working group and was not communicated to the elicited
experts.

The experts were also asked to rate their expertise in a self-assessment for each pathogen.
This individual rating was between 1 and 3 (1= low knowledge of the pathogen, 2= moderate
knowledge of the pathogen, 3=high knowledge of the pathogen) and the total numerical score
was multiplied by this value. For an unbiased comprehension by all participants the
questionnaire was translated into French, German and Italian (German version is shown in
graphic 1).

Expert elicitation

Experts from Swiss governmental, industrial and research institutions with different
background were invited to participate in this study. The institutions enquired were the

Federal Public Health Office (BAG), the Institute for Food Safety and Hygiene of the
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Vetsuisse Faculty of Zurich, the Centre for Zoonoses, Bacteriological Animal Diseases and
Antibiotic Resistance (ZOBA), Bern, the University Hospitals of Bern, Lausanne and Geneva,
the Institute of Food Knowledge from the Swiss Federal Institute of Technology (ETH),
Zurich, the Agroscope Liebefeld-Posieux (ALP), the Federal Food Chain Unit, the Veterinary
Public Health Institute (VPHI) from the Vetsuisse Faculty of Bern, Cantonal Veterinary
Offices, the Cantonal Institute of Microbiology of the Canton Ticino, milk industries and
cantonal laboratories. Twenty-seven experts were identified and invited. Nineteen of the
twenty-seven agreed to participate and to fill in the questionnaire. The experts were asked to
fill in all questions for each pathogen. If they felt unable to answer a question, they were
asked to answer it to the best of their knowledge. After the questionnaires were sent, seven
experts declined to participate, three never returned the questionnaire and one questionnaire
was incomplete. Reminder emails were sent 3 times to all non-respondents during a period of
1 month. As a result, a total of 8 experts participated in the expert survey. They could
complete the questionnaire entirely or at least entirely for some pathogens.

Scoring

We conducted four different calculations for the final scoring of the pathogens: weighted
score with expert’s self-assessment, score with expert’s self-assessment, weighted score
without expert’s self-assessment and score without expert’s self-assessment. As it was likely
that the rankings were different for each of this approach, we decided prior to the ranking, that
the most relevant ranking should be the one with weighted scoring and expert’s self-
assessment. As it contained the most detailed information, this ranking should provide the
most specific assessment for the Swiss situation. However, the results of the three other
rankings should be used to assess the robustness of the whole process. As it got obvious that
the influence of the expert’s self—assessment was negligible, only two rankings were
assessed in detail. The first ranking was with the means of weighted scores and the second

one with the means of scores multiplied by the rate of the experts’ self-assessment.
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Results

Ranked mean scores of the pathogens for all four rankings and from all experts are shown in
table 3. Most pathogens received a negative score, which indicates that the experts rated the
majority of the criteria as of low importance for almost all pathogens. The prioritisation was
determined by ranking the pathogens by the mean of the individual expert score for each
pathogen. The resulting lists are summarized in tables 4 and 5.

According to this prioritisation, the currently most challenging zoonotic pathogen, which can
be transmitted to humans by milk or raw milk in Switzerland, is Listeria monocytogenes with
a weighted score of 2.5. However, in the list of scores, Mycobacterium tuberculosis bovis
came on the top of the ranking followed by Listeria monocytogenes and Brucella abortus.
Taking into account that Switzerland is free from tuberculosis and brucellosis in cattle, sheep
and goats, Listeria monocytogenes remains to be the most relevant pathogen to be monitored
in BTM with respect to a potential transmission to humans by milk. Interestingly, the rankings
showed only little variation for most of the pathogens. The highest influence of the weights
was on “Mycotoxins” and “Campylobacter jejuni/coli”. Whereas “Mycotoxins” was ranked
fourth with weights, it was ninth in the unweighted list. “Campylobacter jejuni/coli” was
ranked tenth in the weighted list and sixth in the unweighted list.

Discussion

The methodology applied for the prioritisation was straight forward to implement, transparent
and introduced the desired objectivity in the expert survey. We framed the questionnaire to be
complete, precise and consisting of a reasonable number of questions and of an exhaustive
and representative number of pathogens. In spite of this endeavour, the amount of work for
each expert to fill in the questionnaire was time-consuming and the topics in the panel of
questions wide-ranging. This was communicated to us in many of the expert feedbacks. Most
of the “non-responders” did not complete the questionnaire because of a lack of time. This

explains the low response rate of 30%. In expert opinion surveys, subjectivity and uncertainty
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are strong components and multiple sources for bias cannot be avoided (Vose, 2009). We
chose experts from several fields of work, thus the panel of experts invited to this survey was
as representative as possible for zoonoses experts in Switzerland. Unfortunately, no
completed questionnaires from experts from the industry could be integrated in the survey.
Food safety experts and veterinarians were well represented. Of course, this decreases the
representativeness of the prioritisation results. The integration of the experts’ self-assessment
for each pathogen was a promising approach to provide more objective evidence for the final
score. Obviously, not all experts could have the same expertise in all 16 pathogens. This is
also reflected in a large variation of the scores assigned to the pathogens by the different
expert. Furthermore, the results of this study reveal the complexity and the multidisciplinary
of tasks in the field of zoonoses. The low response rate as well as the critical self-assessments
might indicate a lack of sound information and recent knowledge concerning pathogen
transmission risks through raw milk and milk consumption. Many of the works concerning
the risks of pathogen transmission through raw milk and milk consumption are aged, and thus
little evidence from recent scientific studies is available. New studies with new diagnostics
will, in some cases, deliver important results for the knowledge of pathogens in milk, either if
they confirm or disprove the results of the aged studies.
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Table 1: Pathogens selected for prioritisation; listed in alphabetical order

Bacillus cereus

Brucella abortus

Campylobacter jejuni/coli

Central European tick-borne virus

Clostridium botulinum

Clostridium perfingens

Coxiella burnetii

Enterotoxic E. coli (STEC)

Listeria monocytogenes

Mycobacterium avium subsp paratuberculosis

Mycobacterium tuberculosis/bovis
Mycotoxins

Salmonellae non-typhi, non-parathyphi
Staphylococcus aureus

Streptococcus pyogenes

Yersinia enterolitica
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Graphic 1: Criteria and definition of the respective scores for the prioritisation of pathogens (German questionnaire)

Zoonose-Priorisierung

—modifiziert nach der Arbeit von der Arbeitsgruppe fiir Priorisierung von Robert Koch Institut (Krause et al., 2008)

Selbst-Einschatzung als Expert/in* ] 1 ] 2 | 3

* 1=geringe Expertise, 2=mittlere Expertise und 3=hohe Expertise

Kriterien: Werte und Definition
0

Krankheitsbelastung (Mensch): -1 1

Inzidenz in CH/Jahr <1/100'000 1/100'000-20/100'000 >20/100'000

Sehwisrearad Hospitalisation sehr selten, Arbeitsausfall Hospitalisation selten, Arbeitausfall mehr als 5 Tage | Hospitalisation ist haufig, Arbeitausfall mehr als 5
weniger als 2 Tage, ohne Folgen ist selten, selten Folgen Tage ist haufig, Folgen sind moglich

Letalitat <0,01% 0,01%-1% >1%

Epidemiologie der Krankheit (Mensch):

Ausbruchspotenzial Ausbriche sind sehr selten Ausbriche mit 5 oder mehr Féllen sind selten Ausbriiche mit 5 oder mehr Fallen sind haufig

Trend Inzidenz verringert sich Stabile Inzidenz Inzidenz nimmt zu

Ubertragung und Verbreitungspotenzial niedrig mittel hoch

Bedeutung in Milch:

Ubertragungspotenzial in Rohmilch’ kein wahrscheinlich sicher vorhanden

:"Zer:)eizir:t::dMliJllC):rtragungspotenmal 0 kein wahrscheinlich sicher vorhanden

;J:;:E::ine:r:: L:/:Tcrr:ragungspotenzlal in ol wiroch i S orvafhaniin

Effiktivitat einer Tankmilchuntersuchung im Hinblick nicht effektiv, Kontamination primar wahrend der | nicht unbedingt effektiv, Kontamination wahrend der effektiv

auf Pravention Fabrikationsprozess Fabrikationsprozess moglich

Wissenschaftliches Wissen:

Epidemiologische Information/Risikofaktoren und

- e bekannt mit wissenschaftlichem validiertem grundsatzlich bekannt, aber wissenschaftlich nicht . . X
Risikogruppen/Pathogenese und Ubertragungwege . . . nicht bekannt, ungeniigendes Wissen
. Wissen unbedingt validiert
(Tier-Mensch)
Wirtschaft :
Wirtschaftliche Bedeutung und Produktionsverluste niedrig mittel hoch
Allgemein (in CH):
Nationale und Internationale Regelung (im Handel mit . keine Internationale Regelung, aber nationale . .
) keine Regelung . Internationale und nationale Regelung
Produkten und lebenden Tieren) Vepflichtungen
Offentliches Interesse und Wahrnehmung: niedrig mittel hoch
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Table 3: Mean scores derived from an expert survey on prioritisation of zoonotic pathogens by 8
different experts. For unweighted scores, all criteria evaluated by the experts were scored
equally, while a weighting factor was introduced for the weighted scores. For scores with expert
self-assessment, an additional weighting is introduced according to how confident experts were

about their knowledge on the respective pathogen

Experts Description of the score P1 |P2 (P3 |[P4 |P5 |P6 P7 |P8 |P9 |P10 (P11 |P12|P13 |P14 |P15 |P16
Expert 1 Weighted score without expert self-assessment 0| -19 5 14| -19|-29| 4 11| -7| -28| -19
Weighted score with expert self-assessment 0| -57 -10 28| -57|-58 8 33| -21| -78| -57
Unweighted score without expert self-assessment -1 -4 2 5| -5| -8] -1 -3 -4 -8 -7
Unweighted score with expert self-assessment -3[-12 4 10| -15| -16 2 -9| -12| -18| -21
Expert 2 Weighted score without expert self-assessment -14|-18|-13|-34| 4 14| -33| -4 1| -19| -13| -9| -19] -2| -38| -34
Weighted score with expert self-assessment -42|-18| -39| -34 8| -42|-33] -8| -3| -19| -13| -27| -57| -6| -38| -69
Unweighted score without expert self-assessment -5 5| -4|-10 1 5| -5 -1 ol -71 -3 31 -7 1| -11] -10
Unweighted score with expert self-assessment -15 5|-12|-10 2 15| -5| -2 ol -71 -3 9| -21 3| -11] -20
Expert 3 Weighted score without expert self-assessment -5 1| -3|-10f-10 13 1l -5 gl -7 0 12| -16| -13
Weighted score with expert self-assessment -10 1| -6|-10|-20 26 1| -5| 18| -7 0 24| -186| -26
Unweighted score without expert self-assessment -1 0 1l -2 3 2l -1 2l -1 0 -3 -2 -2
Unweighted score with expert self-assessment -2 0 21 -2| -6 6 2|l -1 4| -1 0 4| -8 -2 -4
Expert4 Weighted score without expert self-assessment -23 -14|-12|-10| -25 -19|-11 -12| -17| -18| -15| -27
Weighted score with expert self-assessment -69 -42|-12]|-20| -50 -57|-22 -36| -34| -36| -30| -54
Unweighted score without expert self-assessment -8 -4| -4| -6 -8 -6| -4 -5| -4 -5 -5 -9
Unweighted score with expert self-assessment -24 -12| -4|-12| -1s -18| -8 -15| -8| -10| -10| -18|
Expert 5 Weighted score without expert self-assessment -19|-21|-10|-20|-14| -35|-11|-15| -5| -14| -7| -14| -14]| -23| -27| -26
Weighted score with expert self-assessment -38| -63| -30| -20| -28| -108| -22| -45| -15| -28| -14| -14| -42| -69| -54| -78|
Unweighted score without expert self-assessment -71 -7 -1| -5| -7| -12| -5| -s8| -2| -4| -4| -s8| -5| -9| -10| -8
Unweighted score with expert self-assessment -14|-21| -3| -5|-14| -35|-10|-18| 6l -8 8| -8 -15| -27| -20| -24
Expert 6 Weighted score without expert self-assessment -13 5 -20| -32 -7 11 4| -16 -23
Weighted score with expert self-assessment -26 10 -40| -64 -14| 22 8| -32 -46
Unweighted score without expert self-assessment -5 2 -9| -10 -2 3 1l -4 -6
Unweighted score with expert self-assessment -10 4 -18| -20 -4 6 2| -8 -12
Expert 7 Weighted score without expert self-assessment 0f-13 -1| -32| 10| -9 9 2 1 1l -4 -7 -31
Weighted score with expert self-assessment 0| -13 -1| -32| 10| -9 9 2 1 1| -4 -7 -31
Unweighted score without expert self-assessment of -2 -2| -11 51 -2 2 1 2 0 0 0 -9
Unweighted score with expert self-assessment o| -2 -2 -11 5| -2 2 1 2 0 0] 0 -9
Expert 8 Weighted score without expert self-assessment -37 -8 -1 -22 -7|-16 -11| -8| -31
Weighted score with expert self-assessment -74 -16 -2| -44 -14|-32 -11] -16| -62
Unweighted score without expert self-assessment -11 -3 -2 -8 -2 & -4 -2 8
Unweighted score with expert self-assessment -22 -6 -4| -16 -4]-12 -4| -4 -16

P1= Salmonellae non-typhi, non-parathyphi, P2= Enterotoxic E. coli (STEC),
P3=Campylobacter jejuni/coli, P4= Listeria monocytogenes, P5= Streptococcus pyogenes, P6=
Staphylococcus aureus , P7=Coxiella burnetii, P8= Brucella abortus, P9= Mycobacterium avium
subsp paratuberculosis, P10= Mycobacterium tuberculosis/bovis, P11= Clostridium perfingens,
P12= Clostridium botulinum, P13= Yersinia enterolitica, P14= Bacillus cereus, P15= Mycotoxins

and P16= Central European tick-borne virus
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Table 4: Prioritisation by weighted score for selected pathogens with expert self-assessment, i.e.
criteria with a greater relevance received more weight towards the final score

Pathogens Median
Listeria monocytogenes 2.5
Brucella abortus -1
Mycobacterium tuberculosis/bovis -9
Mycotoxins -12.5
Mycobacterium avium subsp paratuberculosis -13
Enterotoxische E. coli (STEC) -14
Clostridium botulinum -15
Central European tick-borne virus -16
Coxiella burnetii -22
Campylobacter jejuni/coli -23
Staphylococcus aureus -24
Salmonellae non-typhi, non-parathyphi -325
Streptococcus pyogenes -38
Bacillus cereus -40
Clostridium perfingens -43
Yersinia enterolitica -54
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Table 5: Prioritisation by unweighted score for selected pathogens, i.e. all criteria evaluated by
the experts were scored equally

Pathogens Median
Mycobacterium tuberculosis/bovis 0
Listeria monocytogenes -1
Brucella abortus -3
Enterotoxische E. coli (STEC) -4
Mycobacterium avium subsp paratuberculosis -4
Campylobacter jejuni/coli -45
Central European tick-borne virus -45
Coxiella burnetii -5
Mycotoxins -5
Clostridium botulinum -5
Salmonellae non-typhi, non-parathyphi -8
Staphylococcus aureus -10
Streptococcus pyogenes -11
Bacillus cereus -14.5
Clostridium perfingens -15.5
Yersinia enterolitica -18
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Chapter 5

Calculation of costs and benefits of surveillance systems for listeriosis and

salmonellosis utilizing bulk-tank milk samples

Introduction

Salmonella spp. and Listeria monocytogenes are two pathogens that can cause diseases —
salmonellosis and listeriosis - in many species including humans. Foodstuffs are recognized as
the major route of human infection for these two zoonoses. Therefore, livestock represents an
important reservoir for these pathogens.

Salmonella (S.) are rod-shaped, Gram-negative, non-spore-forming, predominantly motile
enterobacteria. They have a wide range of hosts, including humans. Three species have been
described in the genus Salmonella: S. enterica, S.bongori and S. subterranea. In each species,
several subspecies are recognized, that are further subdivided into several serovars. One of the
most common subspecies is Salmonella enterica subsp. enterica. The serovars Dublin and
Typhimurium appear to be the most common that have been isolated from cattle.

In the genus Listeria (L.), seven species have been described; namely L. monocytogenes, L.
ivanovii, L. innocua, L. seeligeri, L. welshimeri, L. grayii, and L. murrayi. Only two, L.
monocytogenes and L. ivanoii are pathogenic. The first causes disease in both humans and
animals, whilst the second causes disease predominantly in sheep. Listeria species are Gram-
positive, non-spore-forming rods, are ubiquitous in the environment and can grow in a wide
range of pH-values, temperatures and salt concentrations. Listeria monocytogenes represents a
problematic pathogen for the food industry, because of its ability to survive and multiply
under extreme conditions.

Salmonellosis is the second most reported zoonosis in the European Union (EU) - and also in

Switzerland - with a total of 109,844 and 1,325 confirmed cases in humans in 2009% . Many

2 European Food Safety Agency (EFSA) Reports, 2009
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foodstuffs from different livestock species have been identified as sources of human
salmonellosis; most important are eggs, pork and poultry. In comparison to these foodstuffs,
beef represents a rare source of human disease with a low proportion (0.1-0.3%) of human
disease cases attributed to it. In 2009, Denmark reported in its Annual Report on Zoonoses
that 0.1-0.3% Salmonella cases were attributed to beef. In their reports for the same year,
Sweden reported a proportion of 0.1% and the EU (EFSA) of 0.2%. In addition, a low
(<1.8%) proportion of Salmonella positive beef carcass samples have been reported in several
European countries (Wahlstrom et al., 2010). Higher prevalence has been reported from the
testing of faecal samples from dairy herds from some EU countries, the United States and
Canada (Huston et al., 2002; Blau et al., 2005; Callaway et al., 2005; Lailler et al., 2005). A
large proportion of human cases of salmonellosis have an unknown source and obviously
some of these cases could originate from cattle. In two Swiss studies involving bulk-tank milk
(BTM) samples (n=310) in the Northwest region and faecal samples (n=1,000) from
slaughtered healthy cattle, the proportion of positive samples was zero (Al-Saigh et al., 2004,
Stephan and Buelher, 2002.). The transmission of Salmonella from cattle to humans can occur
through several routes, including consumption of milk, beef or transmission by direct contact
with faeces. In 2009, 22 cases of salmonellosis in cattle’ and 1,325 cases in humans® were
reported in Switzerland.

Listeria monocytogenes is another major foodborne pathogen for humans. This pathogen is
widespread in the environment, in processing plants and is known to affect several animal
species, especially cattle and other ruminants, which can excrete the pathogen. The excretion
can be continuous through faeces from asymptomatic, healthy cattle carriers (Roberts and

Wiedmann, 2003; Nightingale et al., 2004). Listeria is rarely reported as a cause of mastitis,

* Zoonosis Report, Federal Veterinary Office (FVO), 2009
* Zoonosis report 2009, FVO

> Federal Office of Public Health (FOPH) report, 2009
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but the importance of this pathogen for this pathology is likely to be underestimated. In the
case of mastitis, direct contamination of the milk occurs (Fedio et al., 1990; Bourry et al.,
1995; Jensen et al., 1996). Raw milk, and in few cases pasteurised milk, are a known source
of infection for humans (Doyle et al., 1987). In humans, there is great public health concern
towards listeriosis, because it can cause severe meningitis, encephalitis, septicaemia or
abortion. In those persons infected, it has a high lethality rate of 20 to 30 % and a high
hospitalisation rate. Nevertheless, the number of human cases is low in comparison with other
foodborne pathogens, such as Salmonella spp. or Campylobacter. During the last decade, the
trend in several European countries showed an increasing number of human cases and an
increase in the incidence rate (Denny and McLauchlin, 2008; Goulet et al., 2008). In 2009, the
number of reported human cases in the Swiss population was 43 and the number of cases in
cattle was 2. The later number is likely a massive underestimation, as several studies in the
EU and in the United States showed prevalences from 11.7 to 16.1% of Listeria
monocytogenes on dairy farms (Husu, 1990; Hassan et al., 2000; Erdogan et al., 2001).
Studies carried out on BTM samples in several countries also showed prevalence between 1 to
12.6% (Rohrbach et al., 1992; Steele et al., 1997; Jayarao and Henning, 2001; Waak et al.,
2002; Muraoka et al., 2003; Van Kessel et al., 2004; Jayarao et al., 2006). Farmers are known
to consume raw milk and raw milk seems to be seen by an increasing part of the population as
a healthy foodstuff (Headrick et al., 1997; Hegarty et al., 2002; Jayarao et al., 2006; Oliver et
al., 2009). Its consumption could increase considerably in the future. Changes in food
consumption mentalities could bring new challenges for the surveillance of zoonotic
pathogens along the food chain. This will be the case for serious zoonotic pathogens such as
Listeria monocytogenes.

To distinguish between infected BTM and uninfected BTM, Enzyme like immunosorbent
assays (ELISA) for indirect detection of Salmonella and Polymerase chain reaction (PCR) for

the direct detection of Listeria monocytogenes have already been adapted and developed for
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BTM or milk samples (Thomas et al., 1991; Hoorfar et al., 1995; Hoorfar and Wedderkopp,
1995; Nogva et al., 2000; Veling et al., 2001; Van Kessel et al., 2004; Omiccioli et al., 2009).
The aim of this study was to evaluate two approaches for the surveillance of zoonotic
pathogens using BTM. The candidate pathogens were selected after a prioritisation process
with a panel of Swiss experts and for their major importance as foodborne pathogens and
zoonotic significance. The first approach was to monitor the pathogen in BTM samples to
avoid that contaminated milk enters the food chain and consequently infects humans. The aim
of this surveillance programme will be to decrease the number of human cases. This approach
is appropriate for Listeria monocytogenes that may be present in the BTM and pose a threat
by contaminating foodstuffs. The second approach was the screening of antibodies in BTM
samples to identify infected herds, in order to find shedding animals that would then be
treated or culled before they could reach the food chain. The aim of this surveillance
programme was the sanitation of dairy cattle herds. The chosen pathogen for this approach
was Salmonella spp.. In Sweden, such an approach was performed with a BTM screening for
Salmonella Dublin antibodies in 2009°.

To see if these zoonosis surveillance programmes would be economically feasible, a cost-
effectiveness analysis was carried out. Two scenario tree models and economic models were
implemented. The costs of the surveillance programmes and direct medical costs associated
with human disease cases were estimated. A surveillance programme was deemed to be
feasible, if the benefits, e.g. saved costs due to the prevention of human disease cases,
exceeded the costs of surveillance and control.

Materials and methods

Bulk-tank milk samples in Switzerland

® surveillance of zoonotic and other animal agents in Sweden, The national veterinary Institute (SVA), Uppsala,
Sweden, 2009
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BTM represents the entire milk production delivered by a dairy farm. The BTM samples are
either collected automatically during milk collection from the farm’s bulk tank into the
transporter, or farms are sampled manually from milk-cans at collecting location, such as
dairies, milk collecting or centrifugation plants. Official professionals with special training
take the samples as laid down by the Swiss milk quality ordinance (MQV) and the technical
directive for the execution of milk quality control of the Federal Veterinary Office (FVO).
BTM samples are refrigerated at 1-5°C and sent to the laboratory for the milk inspection
analyses. In 2009, the number of dairy farms participating in the milk inspection scheme was
27,131 (61% of all cattle farms) with a total of 578,689 dairy cows. This represents the
reference population of the surveillance system.

Adaptation and development of the scenario tree models

The methodology based on scenarios trees to demonstrate freedom from disease according to
(Martin et al., 2007) was adapted to develop a scenario tree model for a zoonoses
surveillances programme with BTM testing. The two candidate zoonoses were Listeria
monocytogenes and Salmonellae spp.. The two pathogens were chosen as examples for
zoonoses that have either a low morbidity but a high fatality as it is the case for listeriosis, or
a high morbidity but a low case fatality as for salmonellosis.

Two stochastic scenario tree models were developed in a spreadsheet using Excel 2007
(Microsoft, Seattle, WA) and @ Risk 5.0 (Palisade, Corporation) to calculate the probability
that the surveillance process will detect a (antigen or antibody) positive BTM sample in the
population tested, given the predetermined level of infection in the tested population, called
the design prevalence.

We developed two scenario tree models for Listeria monocytogenes and Salmonella with
identical structure, but with a different diagnostic test used as the node for detection of
positive herd. For Listeria, the detection node was an antigen diagnostic test and for

Salmonellae spp. an antibody diagnostic test.
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Input parameters for the surveillance model

In the scenario tree models, the design prevalence for Listeria monocytogenes and Salmonella
was modelled as pert distributions in @Risk 5.0 (Palisade Corporation) and run with 1000
iterations.

For Listeria, the test sensitivity of the PCR based on the fluorogenic 5’nuclease assay was
used. The sensitivity of this test has been described to be 95.2% (Cox et al., 1998).

For Salmonella, the test sensitivity of the ELISA diagnostic test was modelled as pert
distributions in @Risk 5.0 (Palisade Corporation) and run with 1000 iterations. In the
literature, the sensitivity of lipopolysacharide ELISA for detecting Salmonella enterica
subsp.enterica serovar Dublin were found to be 54 %, 88% and 100% respectively (Hoorfar
etal., 1995; Veling et al., 2001; Wedderkopp et al., 2001).

Framework of the financial model and input data

The surveillance scenario was to test once a year all Swiss dairy farms participating in the
milk testing scheme. For Listeria monocytogenes, the presence of the pathogen will be
screened in the BTM and for Salmonella the presence of antibodies.

The model framework was created in an Excel spreadsheet (Excel 2007, Microsoft, Seattle,
WA). In the model the different steps of the surveillance programmes were detailed. These
steps included: planning, implementation, sampling, laboratory testing, data management,
data analysis and communication. For each step, the labour time or the operations and
expenses of each procedure were identified and their costs were calculated. All data for the
costs estimation were collected from the Federal Veterinary Office (FVO) and the Centrum
for Zoonoses, Bacterial animal diseases and Antibiotic resistance (ZOBA). The only
identified cost payer in this surveillance programme was the FVO. The labour costs for the
different collaborators at the FVO had to be quantified in wage rate. The time each
collaborator spent on the surveillance programme was estimated on the basis of the data of the

organisation of the national testing programme on milk products. The labour costs were
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estimated at an hourly rate in Swiss Francs. The one step with different costs between the
models was laboratory testing. For Listeria monocytogenes, a PCR test was conducted and for
Salmonella an ELISA. The costs for a BTM PCR for Listeria monocytogenes were estimated
for individual sample at 75 CHF and for 210 samples at 24.50 CHF. The costs fora BTM
ELISA for Salmonella were estimated for an individual sample at 17 CHF and for = 10
samples at 7 CHF per sample. A contribution of the Federal Public Health Office (BAG), of
the Agroscope Liebefeld-Posieux (ALP), of the Cantonal Veterinary Offices or of the
cantonal laboratories in the planning of the surveillance programme was not included in this
calculation.

Benefits: costs of illness estimates of listeriosis

For the costs of illness estimates, the total direct medical expenses of the disease were
calculated. If these losses could be avoided the society would benefit. The productivity losses
from illness or premature death and the indirect non-medical expenses (e.g. lifelong chronic
disability of new born) were not included in the calculation. The incidence rate of listeriosis
cases per year from 2005 to 2010 was collected at the BAG. The median of the number of
cases for these 5 years was calculated and used as model input.

Hospitalisation rate for listeriosis is almost 92% (Mead et al., 1999). Because the symptoms
of listeriosis for healthy people are usually mild - such as gastroenteritis or influenza type
symptoms - an underreporting of cases is realistically probable. Therefore, it was assumed
that all the cases reported to the BAG had visited a physician for severe symptoms and were
hospitalised cases. Hospitalisation costs were collected and published by the Federal Office of
Statistics in the statistics on diagnosed cases and costs by AP-DRG Code in 2008. Several
codes describing severe pathologies for listeriosis were identified. These were meningitis or
encephalomeningitis, septicaemia, pneumonia, endocarditis and peritonitis by adults and
meningitis, septicaemia, granulomatosis infantiseptica, pneumonia, abortion, amniotic

infection and endometritis by newborns and mothers. An AP-DRG code represents a specific
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pathology and the related costs can be identified. However, it was not possible to relate
pathologies to all human cases. Thus, the costs range of the direct medical costs was estimated
by multiplying all the cases by the lowest and the highest total costs per case.

99% of human listeriosis cases have a foodborne source (Mead et al., 1999). In a 10-year
study from the Swiss National Reference Centrum for listeriosis in Lausanne, 41% of cases
were attributed to milk products (Bille, 2004). It was assumed that a maximum of 41% of
direct medical costs could be attributed to infections acquired through contaminated milk.
Costs of illness estimates of salmonellosis

For salmonellosis, the direct medical costs were also estimated. The productivity losses from
illness or premature death were not included in the calculation. The incidence rates of human
salmonellosis cases per year in Switzerland were collected from the BAG. As for listeriosis,
the incidence rates for the years between 2005 and 2010 were known. The median of the
number of cases for these 5 years was calculated and used in the model.

Hospitalisation rates for salmonellosis were estimated to be 2% (Mead et al., 1999). 5% visit a
physician and recover fully. 93 % do not visit a physician and recover fully (Buzby et al.,
1996). Among hospitalisation for salmonellosis, gastroenteritis (61%) and septicaemia (23%)
were the most common diagnoses (Trevejo et al., 2003). As for listeriosis, all gastroenteritis
and septicaemia hospitalised cases were multiplied by the lower and the higher pathologies
and thus costs. The proportion of human cases attributed to beef (assuming that cases from
milk products were included in this estimation) was estimated to be between 0.1 and 0.3% of
all cases.

Results of the financial model

BTM surveillance costs were estimated for Listeria monocytogenes screening to range
between 910,000 and 2,280,000 CHF annually. For Salmonella antibodies screening the costs

ranged between 435,000 and 706,000 CHF.
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The total direct medical costs for human listeriosis per year in Switzerland were estimated to
be between 274,000 and 1,439,000 CHF. The milk products are responsible for only 41 % of
the cases. Therefore, the real direct costs for listeriosis induced by milk products are estimated
to be between 113,000 and 590,000 CHF at maximum.

The total direct medical costs for human salmonellosis per year in Switzerland were estimated
to be between 12,477,000 and 40,000,000 CHF. Beef is responsible for 0.3%, at most, of the
cases. Therefore, the real direct costs for salmonellosis induced by beef are estimated between
37,500 and 120,000 CHF.

Discussion

In both diseases, the costs exceed the benefits. We tried to include conservative estimates for
the benefits, as we did not want to overestimate it. However, even with the highest values in
our estimation the costs are always lower than the benefits. For listeriosis, one might question
the approach to quantify the live of humans monetarily. But this is usual in any estimation of
costs (Buzby et al., 1996). If a surveillance programme aims on the prevention of fatalities in
humans, listeriosis can still be a candidate disease for a systematic surveillance in BTM.
Interestingly, while salmonellosis accounts for massive losses, the contribution of beef-born
infections is very low. As salmonellosis accounts also for losses in the agricultural sector, the
benefits would increase if these losses would be included in the calculation. With the results
of this study, surveillance for zoonotic pathogens in BTM seems to be not an economical
valuable option.

The economical estimation of the costs and benefits of surveillance and control programmes
is often very complicated and provides estimates with wide margins as often a lot of the costs
are only roughly estimated. Additionally, such work is often aiming to evaluate one special
programme and not a general approach. Indeed, the benefits of surveillance only are often
hard to find, therefore, in general, surveillance costs are often only a (small) proportion of the

costs of a control or intervention programme.
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The aim of this study was to investigate the surveillance of two zoonoses in BTM for the
economical benefits that might be achieved. For this purpose we conducted a “light”
calculation of the costs and benefits, with only the surveillance costs weighted against the
benefits. With this approach we wanted to simplify the calculation of costs compared to a full
model. Additionally, we assumed to get narrower limits of the costs, if we only include costs
we have good estimates of.

The presented methodology was exact enough to be used as a screening tool to test
surveillance of zoonoses that might be economical. Indeed, we did no even include the
intervention costs and assumed 100% sensitivity and we neglected the costs of false positive
results. As the surveillance was not economical without these additional costs, further
refinement of the calculation is not necessary. On the other hand, the existing models could be

extended to full models without much additional work.
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Chapter 6

Potential of bulk-tank milk samples for antibiotic resistance monitoring

Introduction

Practitioners, public health and veterinary public health officials and researchers are
concerned about transferable drug resistance in microorganisms as it has potential public
health consequences and it complicates the treatment of infectious diseases in both humans
and animals. The transmission of resistant bacteria from animals to humans can occur via
food consumption or direct contact. Dairy cows are a potential source for both transmission
pathways. By increasing the selection pressure, the use of antibiotics for the prophylaxis and
treatment of udder infections in dairy cattle can reasonably result in a selection of resistant
strains of bacteria and the potential transmission of its resistance genes to humans.

Since 2006, Switzerland is carrying out a continuous monitoring of antibiotic resistance in
several livestock species, meat and milk products ’. In 2008, cattle faeces samples taken at
slaughterhouses were analysed for Campylobacter spp. and Escherichia coli ®. In 2006, the
indicator bacteria Enterococcus spp was also analysed in milk products °.

In addition to the current monitoring programme based on sampling at slaughter and at retail,
approaches for sampling at farm-level could provide valuable additional information. Through
a literature review, this paper evaluates the potential and the value of bulk-tank milk (BTM)
samples as a tool for antibiotic resistance monitoring.

Bulk-tank milk samples to monitor antibiotic resistance

BTM can be a medium to transfer antibiotic resistant bacteria to humans. The consumption of

raw milk containing antibiotic resistant bacteria can result in a bacterial colonization of the

”in accordance with Article 291d from the Ordinance on epizootic disease from the 27" of June 1995
® Annual report 2008, Monitoring of antibiotic resistance, Federal veterinary office FVO

° Annual report 2006, Monitoring of antibiotic resistance, FVO
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gut and can pose a potential public health risk (van den Bogaard and Stobberingh, 1999).
Consumption of raw milk is very common on dairy farms as it is less expensive than
pasteurised retail milk. Additionally, consumption of raw milk is appreciated for its numerous
health qualities (Jayarao et al., 2006a). An increased interest from the public was also
observed for raw milk consumption in the latest years. This consumption poses a risk for
consumers not only to get bacterial diseases (Oliver et al., 2009), but also for the transmission
of antibiotic resistance to humans. Several studies have shown the presence of pathogenic
bacteria in BTM and these microorganisms can obviously carry resistance genes (Jayarao and
Wang, 1999; Jayarao and Henning, 2001; Stephan et al., 2002; Holm et al., 2004; Karns et al.,
2005; Oliver et al., 2005; Karns et al., 2007). The risk of milk-borne transmission of antibiotic
resistant bacteria to humans by consuming milk and milk products is noticeably minimized by
pasteurisation. However the presence of bacteria in raw milk, which can survive
pasteurisation and can carry antibiotic resistance such as Listeria monocytogenes, is also of
great concern. Several studies have shown the presence of Listeria in BTM (Rohrbach et al.,
1992; Steele et al., 1997; Yoshida et al., 1998; Jayarao and Henning, 2001; Waak et al., 2002;
Van Kessel et al., 2004; Oliver et al., 2005). In addition, through feeding calves with wasted
raw milk, antibiotic resistant pathogens can also be transmitted to young stock, spread to the
adult stage, persist and disseminate in the dairy environment (Selim and Cullor, 1997).

In the Czech Republic, a BTM study on the prevalence and the resistance of antimicrobial
drugs from selected zoonotic and indicator pathogens such as Staphylococcus aureus,
coagulase-negative Staphylococci, Listeria monocytogenes, Escherichia coli, Enteroccoccus
faecalis, Enterococcus faecium and Bacillus cereus has already been carried out (Schlegelova
et al., 2002). Hundred and eleven BTM samples were investigated. Resistance against one or
more antimicrobial drugs was found in 93% of the S. aureus, 40% of the CN Staphylococci,
73% of the E. coli, 88% of the E.faecalis and 55% of the E.faecium. Listeria monocytogenes

was isolated in 1.8% of the BTM and one strain showed multidrug resistance. In another
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study, indicator bacteria (Enterococcus and E. coli) isolated from 799 BTM samples in
Austria were analysed against 30 different antibiotics for resistance. Fifteen percent of the
isolates were resistant against one or more than one antibiotic (Fuchs et al., 2004). Another
study from six farms in central Pennsylvania was performed on gram-negative bacteria
(GNB) in BTM. GNB were isolated from 46 of 54 (85%) BTM samples. Eleven different
species of antimicrobial resistant GNB were found. The study demonstrates that BTM can be
a major source of antimicrobial-resistant GNB (Jayarao et al., 2006b).

From another approach, BTM can also be an important and valuable tool to get the farm-level
trend in antibiotic resistance and help to a better management in the use of antibiotics on dairy
farms. The choice of the target pathogens and the interpretation of the results have to be done
carefully. In a study on Salmonella enterica subsp enterica and E.coli, antimicrobial
susceptibility was described and compared (Berge et al., 2007). Twenty-three of all isolates
were multidrug resistant (MDR). The MDR strains of Salmonella and E.coli had a different
antimicrobial pattern and the antimicrobial pattern of Salmonella tended to be serovar
dependent. Screening results in BTM samples can also be correlated to a spatial pattern
analysis of specific antibiotic resistance to detect spatial clustering of resistant samples (Fuchs
et al., 2004). Critical regions where farms have more antibiotic resistance can be identified
and treated in an accurate manner e.g. through improved management measures the number of
mastitis cases can be decreased and the use of antibiotics can be reduced. Decreasing the use
of antibiotics in dairy cattle can obviously decrease the selection pressure of several bacteria
and decrease the potential of selecting antibiotic resistant strains of bacteria.

Diagnostic tests for antibiotic resistance in bulk-tank milk

Most studies used a two-step approach consisting of isolation of relevant bacteria followed by
phenotypic antimicrobial resistance testing. A micro-dilution technique for the determination
of the minimum inhibitory concentration was the test performed in several BTM studies

(Schlegelova et al., 2002; Fuchs et al., 2004; Jayarao et al., 2006b). Another test used on
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bacteria from BTM was the antimicrobial disk susceptibility test (Jayarao et al., 2006b; Berge
et al., 2007). Other methods such as PCR, hybridization or hybridization using microarray
technology can be used for the direct detection of specific resistant genes without prior
isolation of bacteria (Perreten et al., 2005; Virgin et al., 2009).
Usefulness of BTM for different purposes of antibiotic resistance monitoring
programmes
BTM could potentially be used for antibiotic resistance monitoring programmes with different
objectives:
1. Obtain an overview on the prevalence of resistant bacteria or resistance genes in the
cattle population, and detect trends for changes in resistance over time
Advantages of using BTM for this surveillance objective include the low cost of
sampling and that obtaining an equal distribution of samples across the year for
continuous monitoring is easily achieved. Indicator bacteria with a relatively high
prevalence in BTM could be used for monitoring. In the current surveillance, E. coli
and Enterococci are used as indicator bacteria. For BTM, indicator bacteria with a
higher prevalence in milk would need to be used in order to make the surveillance
efficient. The main disadvantage of BTM for this surveillance objective is that it only
includes cows delivering milk to BTM. It would thus be difficult to compare
prevalence of resistance in the cattle population with data from other monitoring
programmes using faecal samples.
2. Provide feedback to farmers regarding the effectiveness of different antibiotics for the
treatment of cows with mastitis.
The advantages of BTM for this surveillance objective are the low cost compared to
milk samples from individual cows with mastitis, and that continuous monitoring of
the resistance situation within the herd is possible.

Disadvantages are that in BTM, there is a very low prevalence of mastitis pathogens.
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Resistance testing in BTM would therefore not represent the resistance situation in
mastitis pathogens, which might differ substantially from the resistance situation in
other bacteria found more frequently in BTM.
3. Monitor resistant bacteria with potential public health relevance.
The advantage of using BTM for this surveillance objective is that detection of
resistant bacteria has direct relevance for public health for milk consumed as raw milk.
Also, there is a good potential for early detection of emerging resistant pathogens
through continuous monitoring of BTM.
However, only a relatively small percentage of milk is consumed as raw milk. For
direct transmission of resistant bacteria from cows to humans, faecal contamination is
likely to be more relevant than milk. In BTM there is also only a small prevalence of
zoonotic bacteria, in which antimicrobial resistance has the highest public health
relevance.
Compared to other sampling approaches, BTM is likely to be very well suited for many
surveillance objectives. The current paper is based on published literature. Up to date, no
study has been performed on comparing the efficiency of an antimicrobial resistance
monitoring programme in BTM to the monitoring programmes which are currently used.
Thus, it was not possible to provide a direct comparison between different sample types for
monitoring antibiotic resistance. Also, data available in the scientific literature were not
sufficient for an economic evaluation of different sampling methodologies.
Conclusion
The literature on BTM monitoring for antibiotic resistance is limited. The routine monitoring
of BTM represents a possible method to measure the trend of antibiotic resistance in cattle

and could be used in future monitoring programmes.
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Chapter 7

Discussion and Conclusion

This doctoral thesis aimed to describe the potential of bulk-tank milk (BTM) in the
monitoring of antibiotic resistance, epizootics and zoonoses.

The literature review conducted in Chapter 2 showed the wide range of microorganisms that
can be surveyed or isolated in BTM. Several studies showed the palette of available or
investigated diagnostic tools for identification of antigen or antibodies.

The study conducted in Chapter 3 showed the great potential of BTM for the surveillance of
epizootics in a financial analysis of the surveillance programmes of infectious bovine
tracheitis (IBR) and Enzotic Bovine Leucosis (EBL). This reinforced the initiative of the
Federal Veterinary Office to implement an active surveillance for IBR and EBL through BTM
in the future. A pilot study started in 2011 and the testing of BTM was applied in the official
surveillance in 2012. As showed in the review in Chapter 2 other epizootic candidates have a
great potential to be surveyed with BTM. The successful surveillance programme of
Bluetongue implemented in 2007 was the first example of a successful programme in the last
years and showed additionally the advantage of BTM testing in the surveillance of emerging
animal diseases in Switzerland (Chaignat et al., 2010).

The prioritisation conducted in Chapter 4 helped us to identify problematic zoonotic
pathogens in BTM and sorted the important ones which could be surveyed in the future. Such
a prioritisation was not published in Switzerland, or, as far as we know, in other countries.
The prioritisation revealed that Listeria monocytogenes is currently the most important
zoonotic pathogen in heat-treated and raw milk in Switzerland. The next important pathogens
are Mycobacterium tuberculosis or bovis and Brucella abortus. However, both pathogens are
absent from the Swiss cattle population and thus surveillance would only be useful for the

early detection of the introduction of these pathogens into Switzerland.
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The surveillance of zoonotic pathogens represents another challenge. Milking hygiene is a
very important component of the quality of the milk and most of the Swiss farmers are trained
and very careful during this procedure and know its importance for milk quality. This careful
work decreases seriously the risk of contamination of the BTM with microorganisms from the
environment. Additionally, BTM is obviously raw milk, which will normally not reach the
food chain without having undergone a heat-treatment (e.g. thermisation, pasteurisation or
ultrapasteurisation). In Switzerland, raw milk may be sold under specific conditions, but is not
legally regarded as food ready for consumption. Raw milk has to be labelled that it is not a
ready to drink product and that it has to be heated to a temperature of minimum 70°C, which
will kill most of the zoonotic pathogens. However, there is an increasing demand for raw milk
due to perceived health benefits. No statistics are available on the quantitative development of
raw milk consumption in Switzerland.

Chapter 5 showed that even though zoonotic pathogens can be successfully detected in BTM,
the potential benefit of new surveillance programmes must exceed the costs associated with
surveillance. A substantiatial benefit in the theoretical surveillance programmes of Listeria
monocytogenes and Salmonella spp. could not be shown in the current situation in
Switzerland. Although for Listeria, given a lethality of 20% to 30%, the potential of saving a
human life could be considered as a sufficient benefit independent of the cost-benefit ratio.
But unfortunately in such calculation a human life has to be quantified and such cost-benefit
calculations have to be done with quantifiable measures.

In Chapter 6, despite the limited literature, the possibilities of antibiotic resistance
surveillance through BTM in cattle could be assessed and its use in continuous future
monitoring programmes in Switzerland could be presumed. A pilot study on using BTM for
antimicrobial resistance monitoring was conducted in 2011.

In conclusion, BTM is a valuable matrix for the surveillance of antimicrobial resistance,

epizootics and zoonoses. However, to exploit its full potential, more research is needed on the
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performance of available diagnostic tests, on the coverage of BTM for the total cattle

population, and on the cost-efficiency of BTM surveillance.
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