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Executive summary

The New Zealand Food Safety Authority (NZFSA) is proposing a framework that would
allow a wider variety of raw milk products to be sold and produced in New Zealand. Under
the proposed framework raw milk products would be categorised according to the risks they
present. To inform the standard setting process, and aid the development of a risk
communication strategy, a systematic assessment of the available morbidity and mortality

evidence associated with consumption of raw milk and raw milk cheese was required.

The objective of the review was to identify primary studies describing human diseases
associated with the consumption of unpasteurised dairy products, and to evaluate evidence
presented in these studies. The review focused on publications reporting food poisoning
linked to raw milk, raw milk cheeses (e.g. Mexican-style cheeses, Roquefort), and other
untreated products and by-products of raw milk (e.g. cream, raw milk butter, fermented
products, yoghurt, butter milk, and whey) of bovine, goat, sheep, or buffalo origin,
contaminated with pathogens such as Bacillus cereus, Brucella spp., Campylobacter spp.,
Coxiella burnetii, E.coli spp., Listeria monocytogenes, Mycobacterium bovis, Salmonella
serovars, Shigella spp., Staphylococcus aureus, Streptococcus spp., Yersinia spp., and
Toxoplasma spp.

The review process began with the systematic retrieval of relevant studies, which involved
computerised search via published databases, hand searching, discussion with relevant experts
and internet sources, to retrieve both published and unpublished work up to early August
2008. Studies were then categorised as either ‘Type 1°' or ‘Type 2% studies. Only Type 1
studies were evaluated for internal validity. If the score for internal validity was greater than
or equal to 25, then the paper was considered to have adequate internal validity to assess
causality, and was entered into the next stage of the review process: scoring causality and
relevance. The evidence of a causal link between the pathogen and consumption of raw milk
and/or raw milk products was considered separately for each of the pathogens. The first step
was to determine, for each pathogen, the number of Type 1 studies with adequate internal
validity (i.e. interval validity score > 25). We considered there to be insufficient evidence to

objectively evaluate, if there was a causal link between consumption of raw milk and

" “Type 1 studies were those studies that include both exposed and non-exposed individuals (i.e. cohort, case-
control, cross-sectional studies) and outbreak investigations that provided information about the total number of
individuals exposed.

? “Type 2’ studies included outbreak investigations (without denominator data), surveys, case reports, and case
series.



infection with a particular pathogen if less than four Type 1 studies with adequate internal
validity were available. Summary measures of causality and relevance were calculated for all

agents with greater than or equal to four Type 1 studies with adequate internal validity.

Database searches identified a total of 272 articles with evidence of adverse health effect(s) in
humans after consumption of contaminated unpasteurised dairy products. Of these, only 84
were considered to provide reasonable data for assessment in the systematic review (i.e.
classified as Type 1 studies). Raw milk was reported as the most likely vehicle of infection in
52% (44/84 articles) of incidences, whereas unpasteurised cheese was involved in 23% (19/84
articles). In 83% (70/84 articles) of studies, dairy product(s) of bovine origin were identified
as the source of infection. The largest number of studies was related to bacterial infections of
Campylobacter spp. (27/84 articles), followed by Salmonella serovars (10/84 articles) and

Listeria monocytogenes (9/84 articles).

Based on the evidence collected, it was not possible to demonstrate a strong causal link
between consumption of raw milk or dairy products made from raw milk and any of the
pathogens considered in this review. The evidence examined in this review did provide
moderate evidence to support a causal link between consumption of raw milk/raw milk
products and the following pathogens:

- Campylobacter spp.;

- E. coli spp.;

- Listeria monocytogenes; and

- Salmonella serovars.
There was also some evidence, albeit weak, to support a causal link between infection with
Brucella and the consumption of raw milk products. Owing to the shortage of studies and/or
shortage of studies with adequate internal validity, it was not possible to objectively evaluate
if there was a causal link between exposure to raw milk and products made from raw milk and
the infections caused by the following:

- Coxiella burnetii,

- Mycobacterium bovis,

- Shigella spp.,

- Staphylococcus spp.,

- Streptococcus spp.,

- Yersinia spp.,

- Cryptosporidium spp.,



and the conditions Crohn’s disease and cancer.

A meta-analysis was not conducted as part of this review; however, the available literature
was evaluated to determine whether there was sufficient information to be included in a meta-
analysis. Based on our findings the lack of well designed studies precluded the use of a meta-

analysis to assess the available evidence.
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1 Introduction

1.1 Systematic review

A systematic review is a summary of (all) the available primary research identified on a
particular topic which is analysed in a systematic manner. A standardised method is used to
assess the internal and external validity of research findings. Systematic reviews are
constructed in a pre-planned and documented way to allow repeatability as well as its critical
appraisal. In contrast, traditional literature reviews are a description of previous work without
systematically identifying and assessing its quality. In general, systematic reviews aim to
illustrate consistency (or deviation) of study results but also identify existing gaps of
knowledge; they are useful tools in decision-making processes and developments of policies

or standards where unbiased scientific information is required.

1.2 Background and rationale

The New Zealand Food Safety Authority (NZFSA) is proposing a framework that would
allow a wider variety of raw milk products to be sold and produced in New Zealand. Under
the proposed framework raw milk products would be categorised according to the risks they
present. The organisation has completed a quantitative risk assessment estimating the risk to
New Zealand consumers from the consumption of raw milk® and raw milk cheeses®. To
inform the standard setting process and aid the development of a risk communication strategy,
a systematic analysis of the available morbidity and mortality evidence associated with
consumption of raw milk and raw milk cheese is required. Although previous literature
reviews have described the studies relating the risks to consumers from the consumption of
raw milk and raw milk cheeses, none of these reviews have evaluated the quality of the

existing information in a systematic manner.

The objective of the present systematic review was to analyse primary studies describing the
morbidity and mortality associated with the consumption of raw milk and raw milk cheeses
and to evaluate the internal and external quality of the data. In addition, the review aimed to

determine whether the data are of sufficient quality to warrant a meta-analysis.

3 In this report raw milk is defined as untreated milk that has not been heated (pasteurised).
* Cheeses made from raw milk are referred to as raw milk cheeses.
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2 Materials and Methods

2.1 Scope of the review

A workshop at the beginning for the project limited the scope of the systematic review to
literature reporting human disease incidences associated with the consumption of raw milk
and raw milk cheeses. Discussions during the workshop indicated that the review should
focus on publications reporting food poisoning linked to raw milk, raw milk cheeses (e.g.
Mexican-style cheeses, Roquefort), and other untreated products and by-products of raw milk
(e.g. cream, raw milk butter, fermented products, yoghurt, butter milk, and whey) of bovine,
goat, sheep, or buffalo origin as possible causes of human diseases. Ice cream made from raw
milk was not considered in this systematic review. A report on the workshop can be found in

Appendix VI of this report.

Pathogens considered in this systematic review causing adverse health event(s) due to

consumption of raw milk or raw milk products are described in Table 1.

Table 1: Major pathogens (in italics) and related human diseases.

Pathogen type Pathogen name Disease
Bacterium Bacillus cereus Bacillosis
Brucella spp. Brucellosis
Campylobacter spp. Campylobacteriosis
Coxiella burnetii Q fever
E.coli spp. Enteritis, Haemolytic Uraemic Syndrome (HUS)

Listeria monocytogenes  Listeriosis
Mycobacterium bovis Tuberculosis

Salmonella serovars Salmonellosis
Shigella spp. Shigellosis
Staphylococcus aureus  Staphylococcus infection
Streptococcus spp. Streptococcus infection
Yersinia spp. Yersiniosis

Parasite Toxoplasma Toxoplasmosis

2.2 Overview of the systematic review process

The systematic review involved a number of steps including searching and retrieval of papers

and scoring of the articles. Figure 1 provides a schematic representation of this process.

14
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Figure 1: Overview of method used to complete a systematic review of studies related to raw
milk/cheese consumption and adverse health effects in humans.

8 *Type 1’ studies are randomised control trials, cohort, case-control, cross-sectional studies
9 9 9 b

and outbreak investigations with denominator.
® “Type 2’ studies are comprised of outbreak investigations (without a denominator), surveys,

case reports, and case series.
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2.3 Identification and retrieval of relevant studies

Systematic retrieval of relevant studies involved computerised search via published databases,
hand searching, discussion with relevant experts and internet sources to retrieve both
published an unpublished work up to early August 2008. The search of electronic databases
included Web of Knowledge® (1990-2008), ScienceDirect® (1823-2008) and PubMed- via
Medline’ (1950-2008). The search methods used allowed retrieval of all types of study
design, including descriptive (surveys, reports and outbreak investigations) and observational
studies (experiment, cohort, case-control, and cross-sectional studies) without any restrictions
applied on year of publication, country of study or language of paper. There was, however,
some variation between the databases in the keywords. Table 2 provides an example of the
keyword search for Campylobacter associated articles. When searching for articles related to
other causal pathogen/human disease, the term campylobact* was replaced by one of the
terms in Table 3. Only papers with an English language abstract were retrieved for

classification (see Section 2.4).

Google Scholarg, websites of food safety authorities of the UK, USA, Canada, Ireland,
Australia, the European Union; and websites of public health and food agencies of Denmark
and the Netherlands were also searched for related reports. In Google Scholar, the search
term (milk raw OR unpasteurised OR outbreak OR epidemic —incidence —occurrence —PCR —
effect) was used with no restrictions imposed other than to seek for words within the title. All
articles of Medicine, Pharmacology, and Veterinary Science classification were searched.

Newspaper articles or stories published on the web were not considered.

Reference lists of relevant articles were also scanned to identify further articles that may have
been missed by the electronic database search, and selected if thought to be relevant for

further examination.

For all searches done using electronic databases and Google Scholar, the number records
retrieved and the number that were considered relevant was recorded. Details of all articles to
be considered further were entered into a customised Microsoft Access database. Percentage
accuracy was calculated for each electronic database and Google Scholar. The percentage

accuracy is a measurement based on the number of relevant and retrieved articles of each

> Web of Knowledge is an article database that allows the user to simultaneously search the article databases
Web of Science, Current Contents Connect®, ISI Proceedings, CAB Abstracts”, and Web Citation Index™.

¢ ScienceDirect searches within Elsevier journals, books and reference works only.

7 PubMed searches within MEDLINE and other life science journals for biomedical articles back to the 1950s.
¥ Google scholar provides access to peer-reviewed papers, theses, books, abstracts and articles.
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search engine used and was calculated by dividing the number of relevant articles by the total

number of articles retrieved (returns) and multiplied by 100.

Table 2: Keywords used to search for articles associated with Campylobacter for each of the
electronic databases used to retrieve articles.

Database Product Keywords
Web of Milk ((raw or unprocessed or untreated or unpasteur*) milk*
Knowledge (diseas™ or "public health™ or epidemi* or infec* or fatal*)
campylobact*)
Cheese ((raw or unprocessed or untreated or unpasteur*) cheese*
(diseas™* or "public health™ or epidemi* or infec* or fatal*)
campylobact*)
ScienceDirect  Cheese and  ((raw or unprocessed or untreated or unpasteur*) AND
milk (milk* or cheese*) AND (diseas* or "public health” or
epidemi* or infec* or fatal* or outbreak) AND
campylobact*) (e.g. for Campylobacter spp.).
PubMed Cheese and  ((raw or unprocessed or untreated or unpasteur*) AND
milk (milk* or cheese*) AND (diseas* or "public health” or

epidemi* or infec* or fatal*) AND campylobact*) (e.g. for
Campylobacter spp.).

Table 3: Keywords used for pathogens or human diseases in electronic article database

searches.

Pathogen name or human disease

Keyword used

Campylobacter spp.
Salmonella serovars

E.coli spp.

Listeria monocytogenes

Tuberculosis
Bacillus cereus
Brucella spp.

Streptococcus spp.

Yersinia spp.

Staphylococcus aureus

Shigella spp.
Q fever
Toxoplasma

campylobact*?
salmonell*
E.coli*
Listeri*
Tubercul*
Bacill*
Brucell*
Streptococc*
Yersini*
Staphylo*
Shigell*

Q fever
Toxoplasm*

* * represents a wildcard symbol which will find words with the same stem.

17



2.4 Screening of publications

All articles in the Microsoft Access database were screened in a two step process: (i)
Categorisation into ‘Type 1’ and ‘Type 2’ and (ii) Scoring internal validity of ‘Type I’
studies. When the English abstract/summary for a paper written in another language
suggested that the paper may have valuable information in the summary, project personnel
translated the paper. In the case of papers written in French and German the translation was
done by one of the study personal (PJ). For papers written in other languages the translation
was done using international staff within the EpiCentre. Only studies classified as ‘Type 1’

were considered further in the systematic review.

Categorisation of studies into the two study types was based on study design (Table 4). ‘Type
1’ studies were those studies that include both exposed and non-exposed individuals (i.e.
cohort, case-control, cross-sectional studies) and outbreak’ investigations that provided
information about the total number of individuals exposed. In contrast, ‘Type 2’ studies only
contained information about the cases. ‘Type 2’ studies included outbreak investigations
(without denominator data), surveys, case reports, and case series. While Type 2 studies
suggest that raw milk and raw milk products may cause disease, they provide insufficient data

to assess causality as such and were not considered further in this systematic review.

The next step was to evaluate the internal validity of Type 1 studies. The score was generated
by assessing (i) study design, (ii) study size, and (iii) measures applied to minimise study bias
due to misclassification of disease and exposure status, confounding and selection bias (due to
low response rates). Table 5 describes the semi-quantitative ranking system used to score
each of the criteria. The internal validity score for each article was then determined by
summing the scores for each of the six criteria. The internal validity score for an article was
between four and 53. Studies with internal validity scores of less than 25 were not considered
to have adequate internal validity for investigating causal relationships and were not
considered further. In contrast, Type 1 studies with score greater than or equal to 25 were
considered to have adequate internal validity to assess causality and were entered into the next

stage of the review process, scoring causality and relevance.

? An outbreak is defined as two or more related cases of illness (linked to the same source of infection, a
common food).
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Table 4: Definition and strength of causal evidence that can be demonstrated by the study for
each of the study types identified in the systematic review.

Strength to
show causal

Study type Definition/example association®
Type 1
Experiment Human volunteers drink milk sample with known dose ~ Very high
of pathogen; investigator observes and takes samples
during disease development
Cohort Measuring the occurrence of particular disease in High
specified groups which either consume or do not
consume contaminated dairy products over a set period
of time
Case-control Contrasting dietary history of patients (cases) with non- Moderate
affected controls to identify dietary risk factor(s) such
as contaminated dairy product(s)
Cross-sectional Selected groups are examined for their health status ofa Low
particular disease and interviewed about their
consumption of dairy products at the same time
Outbreak Investigating an outbreak of food poisoning in order to ~ Low
investigation with  identify contaminated dairy product(s) as the source of
denominator infection; total number of exposed and non-exposed
subjects (both ill or healthy) is known
Type 2
Outbreak Investigating an outbreak of food poisoning to identify ~ NAP
investigation contaminated dairy product(s); only number of exposed
without subjects (ill or healthy) is given
denominator
Survey Providing data about frequency/distribution of cases NA
with disease of interest in a defined population
Case series Describing a series of cases with disease of interest NA
(might provide hypothesis of causal dairy product)
Case reports Reporting an unusual case of particular disease NA

(hypothesise about indigestion of contaminated dairy
product)

* Dohoo et al. (2003), In: Veterinary Epidemiologic Research, AVC Inc., Charlottetown; Chapter 7:
Introduction to observational studies, p 142.
® Not applicable as descriptive studies cannot evaluate associations.
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Table 5: Criteria and scoring system used to assess differences of internal validity between
studies identified in the systematic review.

Criteria Description Score
Study design Certain types of observational studies Experiment = 10
provide better evidence for causality  Cohort = 8
than others Case-control (population based) = 6
Case-control (hospital based) = 4
Cross-sectional = 3
Outbreak investigation with
denominator = 3
Number of Studies with a larger sample size are > 100=15
participants likely to provide more representative 50 _ 99 = 3
results <50=1
Confounding Studies that control for confounding = Randomisation = 10
at the design stage (randomisation &  Matching at design stage = 8
matchmg) provide stronger evidence Multivariable techniques used = 6
of causation. . .
Stratification used = 4
Not addressed = 0
Misclassification Studies that have a case definition Case definition given = 10

of disease status

Misclassification
of exposure
status

Response rate

that includes testing to ensure the
agent is present are less likely to
have misclassification of the disease
status

Studies that testing suspect product
or excluding other exposure are less
likely to have misclassification bias

Studies with low a response rate are
more likely to be have selection bias
present

Test participants positive for causal
agent or antibodies = 8§

Not addressed =0

Testing suspect product (milk,
cheese or similar) positive for causal
agent =8

Other possible exposure factors
excluded =5

Identification of source of exposure
by interview = 3

Patient’s history = 1

Not addressed = 0

>80=10
50-79=4
<50=2

Not reported = 0
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2.5 Scoring causality and relevance

Type 1 papers that were thought to have adequate internal validity (i.e. internal validity score
> 25) were scored for causality and relevance to New Zealand. When calculating the
causality score, each study was reviewed for evidence of causality using three of Hill’s
criteria for causation (Hill (1965))': (i) temporality, (ii) strength of association, and (iii)
evidence of dose response. The method used to score each of these criteria is described in
Table 6. In articles where unadjusted relative risk'' or odds ratios'? were not reported, the
appropriate value (i.e. odds ratio for a case-control study and relative risk for all other studies)
was calculated if sufficient data were available. The causality score was calculated by
summing the score for each of the three criteria. For any article, the minimum causality score
for a paper was three and the maximum was nine, with greater departures from three
indicating that the article demonstrates a stronger causal association between raw milk and/or

raw milk product and disease/pathogen of concern.

The final part of the systematic review focused on the applicability of evidence to the New
Zealand situation — the external validity of a study — by assessing the article relevance to New
Zealand. The relevancy score took into consideration two factors: (i) the country where the
study was conducted, and (ii) the year of publication. Studies from countries with different
production systems to New Zealand and lower health status than New Zealand were
considered less relevant to New Zealand, and it was believed that results of recent studies
represent the current situation better than older publications. Therefore papers published
before 1945 (in respect of World Wars situations) were ranked as ‘weak’, while studies
conducted between the Second World War and the introduced regulations on dairy products in
the UK in 1995 were assessed as ‘moderate’; it was thought that studies conducted after 1995
do represent the current situation very well. Table 7 describes the semi-quantitative scoring
system used to assess relevancy to New Zealand. The relevancy score was then calculated by
summing the score for the two criteria. Scores for a paper could range from two to 10, with
higher numbers indicating that the paper was of greater relevance to the New Zealand

situation.

' Hill AB., The environment and disease: association or causation? Proceedings of the Royal Society of
Medicine (1965); 58:295-300.

' Relative risk (RR) measures how many times more (or less) probable exposed individuals will become
diseased relative to non-exposed individuals.

12 0dds ratio (OR) measures the odds of disease in exposed individuals compared to odds of disease in non-
exposed individuals.
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Table 6: Hill’s criteria and scoring system used to assess differences of causality between
studies identified in the systematic review.

Criteria Description Score

Temporality Consumption of dairy product Evidence of temporality = 3
must precede adverse health Insufficient evidence to determine
effect temporality = 1
(Is incubation time realistic?)

Strength of  The higher a significant Unadjusted relative risk or odds ratio
association  relative risk or odds ratio the significant and > 3 =3
stronger the indication foran ~ Unadjusted relative risk or odds ratio
association significant and <3 =2
Unadjusted relative risk or odds ratio non-
significant = 1

Dose Number of disease incidence Evidence of a dose response relationship = 3
response or clinical signs increases with  Insufficient evidence to determine a dose
relationship  higher dose of consumed response relationship = 1

pathogens

Table 7: Relevancy criteria and scoring system used to rank the applicability to the New
Zealand situation (external validity of evidence).

Criteria Description Score

Country/region  Studies from countries Australia, New Zealand = 5

study non-equivalent to New North America, Western Europe, UK = 3

conducted Zealand were ranked Eastern Europe, South America, Arabic
lower countries = 1

Year of Recent studies represent ~ 2008-1996 = 5

publication/ current situation better 1995-1946 =3

incidence than older publications Before and 1945 =1
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2.6 Data synthesis

The evidence of a causal link between the pathogen and consumption of raw milk and/or raw
milk products was considered separately for each of the pathogens in Table 1. The first step
was to determine, for each pathogen, the number of Type 1 studies with adequate internal
validity (i.e. interval validity score > 25). We considered there to be insufficient evidence to
objectively evaluate, if there was a causal link between consumption of raw milk and
infection with a particular pathogen if less than four Type 1 studies with adequate internal
validity were available. Summary measures of causality and relevance were calculated for all

agents with greater than or equal to four Type 1 studies with adequate internal validity.

The summary measures for causality were mean and range of causality scores for each Type 1
study with an internal validity score greater than 25. The mean causality for each pathogen

was interpreted as follows:
- <5 the evidence provided weak evidence of a causal link;
- 5-6 the evidence provided moderated evidence of a causal link; and
- >6 the evidence provided strong evidence of a causal link.

The range was a measure of the variability in the available data and was interpreted as

follows:

0 there was no variability in the evidence;

<3 there was low variability in the evidence;

3-5 there was moderate variability in the evidence; and

6 there was high variability in the evidence.

Should the variability for a pathogen be classified as either moderate or high, the results

needed to be interpreted with caution and reviewed when new information is published.

In order to summarise the relevancy of the information, we calculated the mean relevancy
score for the Type 1 studies with adequate internal validity. The mean was interpreted as

follows:
- <5 low relevance to New Zealand,
- 5-6 moderate relevance to the New Zealand situation,

- 7-8 high relevance to the New Zealand situation;
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- >8 extremely relevant to the New Zealand situation.

No attempt was made to combine the causality and relevance score.
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3 Results

3.1 Database percentage accuracy

Primary screening of returns from database searches (retrieved articles) identified a total of
291 papers (potentially relevant articles) with evidence of adverse health effect(s) in humans
after consumption of dairy products. After elimination of genuine duplicates and duplicate
reports of results (same study or outbreak published more than once), 272 articles were

considered as potentially relevant for further examination.

The number of retrieved articles and relevant articles for each article database including
percentage accuracy is summarised in Table 8. The lowest percentage accuracy was
calculated for Web of Knowledge, although it retrieved the highest number of relevant
articles, followed by PubMed, Google Scholar and ScienceDirect. From the number of
relevant articles 1.1% (3/272) was identified by all four databases, 13.2% (36/272) by three
databases, 44.5% (121/272) by two databases and 83.8% (228/272) by a single database.
Eleven articles/reports were retrieved from the Internet searching websites of Public Health
Agencies and Food Safety Authorities, whereas 33 articles were found by scanning citations

of relevant articles that were not identified by any database.

Table 8: Number of retrieved and relevant articles and the percent (%) accuracy for each
database used to search for articles.

Database Retrieved articles  Relevant articles % accuracy
Google Scholar 796 60 7.5
PubMed 747 117 15.7
ScienceDirect 151 23 15.2
Web of Knowledge 6,110 188 3.1

25



3.2 Characteristics of studies included in the preliminary list

A frequency distribution of articles by their year of publication is presented in Figure 2. The
majority of relevant articles were published within the last three decades (1981 to the first half
of 2008), whereas 22.4% (61/272) were published from 1923 to 1980. Of the 272 articles
considered relevant 84 (31%) were classified as Type 1 studies. Further details of these 84
Type 1 studies can be found in Appendix II. The remainder of the studies comprised of Type
2 studies (see summary outcomes and bibliography in Appendices III and IV) and review

articles (n =30, % =11). Details of the review articles can be found in Appendix V.

45
40 - . .
35 |
30

20
15 -
10 -

Frequency (n)

|
?
r

1920-1925 J
1926-1930 |
1931-1935
1936-1940
1941-1945
1946-1950
1951-1955
1956-1960
1961-1965
1966-1970
1971-1975
1976-1980
1981-1985
1986-1990
1991-1995
1996-2000
2001-2005

2006-2008

Year of publication

Figure 2: Number of articles retrieved for a systematic review of adverse health effects
associated with consumption of raw milk by year of publication (n = 272).
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3.3 Overview of papers included in the systematic review

Table 9 describes the key features of the Type 1 studies that were included in the systematic
review. Almost half of the articles were categorised as population based case-control studies
(40/84), the next most common study types were hospital-based case-control studies (16/84)
and outbreak investigations with a denominator (12/84). The majority of articles referred to
incidences of food poisoning in North America (39/84). In over 50% (44/84) of studies raw
milk was reported as the most likely vehicle of infection and unpasteurised cheese was
associated with human infection in 23% (19/84) of articles. In 83% (70/84) of studies, dairy
product(s) of bovine origin were identified as the source of infection. Twenty seven of the
studies were related to bacterial infections caused by Campylobacter spp. (27/84) and three
articles were not in association with any of the pathogens listed in Table 1 but clearly
investigated the influence of raw milk consumption. Therefore, the decision was made to
include the three papers in the systematic review. In two other publications the causal agent
could not be identified either because the causal agent has as yet not been determined

(Brainerd diarrhoea) or the agent was not detected in dairy product or the patient.
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Table 9: Number (percentage) of Type 1 studies (n = 84) selected for a systematic review,
stratified by country/region where the study was conducted, study design, study size, dairy
product, species (origin of dairy product), and type of disease developed.

Number (%) of
Category Level studies
Country/region Arabic countries * 34)
Australia 34)
Eastern Europe b 4 (5)
New Zealand 3(4)
North America 39 (46)
South America ° 2(2)
United Kingdom (UK)¢ 11 (13)
Western Europe® (excl. UK) 19 (23)
Study design Experiment 4(5)
Cohort 7(8)
Case-control (population-based) 40 (48)
Case-control (hospital-based) 16 (19)
Cross-sectional 5(6)
Outbreak investigation with denominator 12 (14)
Study size >100 40 (48)
50-99 25 (30)
<50 19 (23)
Dairy product Raw milk 44 (52)
Unpasteurised cheese 19 (23)
Raw milk and unpasteurised cheese 5(6)
Raw milk and unpasteurised cream 2(2)
Pasteurised milk or cheese or yoghurt, known to be contaminated 6 (7)
Pasteurised milk or butter 34
Milk-powder 2(2)
Milk and soft cheese 2(2)
Unknown 1(1)
Species Cattle 70 (83)
Goat 6(7)
Cattle and goat 2(2)
Sheep 2(2)
Sheep and goat 1(1)
Cattle, goat, sheep, and camel 1(1)
Unknown 2(2)
Disease Brucellosis 6 (7)
Campylobacteriosis 27 (32)
Q fever (Coxiella burnetii infection) 5(6)
E.coli infection 7 (8)
Listeriosis 9(11)
Salmonellosis 10 (12)
Shigellosis 2(2)
Staphylococcus infection 5(6)
Streptococcus infection 34)
Tuberculosis (Mycobacterium bovis infection) 3(4)
Yersiniosis 2(2)
Cancer 1(1)
Crohn’s disease 1(1)
Cryptosporidiosis 1(1)
Unknown causal agent 2(2)

* Iran, Saudi-Arabia, and Yemen; ° Greece, Lithuania, and Russia; ¢ Brazil; ¢ United Kingdom included Scotland,
Wales, England, and Northern Ireland; © Sweden, France, Finland, Denmark, Czech Republic, Belgium, and
Spain.
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3.4 Results for specific pathogens

3.4.1 Brucella spp.

Searches identified a total of 37 articles describing an association between brucellosis in
humans and the consumption of unpasteurised dairy products. Despite the large number of
published papers, we were somewhat limited in our ability to evaluation causation as only six
articles were classified as Type 1 (Table 10). Three of the studies were conducted in Arabic
countries where Brucella is endemic and the consumption of unpasteurised raw milk (and
cheese) from goats, sheep, and camel is a traditional practice. There was only one study from
Western Europe which reported an outbreak that was most likely caused by unpasteurised
cheese made of goat milk. All of the Type 1 studies (n = 6) had acceptable internal validity.
The mean causality score and the range in scores were four and two, respectively. Therefore,
the evidence provides weak evidence of a causal link. Furthermore, there was low variability
in scores, indicating consistency amongst the six studies. Despite the majority of studies
having been conducted in Arabic countries, the results have moderate relevance to the New

Zealand situation (Mean Relevancy Score = 6).

3.4.2 Campylobacter spp.

Database searching identified 51 articles describing campylobacteriosis in humans following
the consumption of unpasteurised milk and/or products made of raw milk. Twenty-seven of
these studies were classified as Type 1 studies. Sixteen of the studies were conducted in
North America and in all but one study, raw milk of bovine origin was considered as a source
of Campylobacter infection (Table 11). Four of these papers had an unacceptable internal
validity score and were not considered when calculating summary statistics for
Campylobacteria. A fifth paper by Steele et al. (1978) was also excluded, despite having a
perfect score for causality, because it was not clear from the evidence presented in the article,
whether the experiment used raw or pasteurised milk. The mean causality score in the
remaining 22 was five, and as such the evidence was said to provide moderate support for a
causal link between the consumption of unpasteurised milk products and campylobacteriosis
in humans. However, there was high variability in the evidence with a range of six for
causality scores which suggests careful interpretation of available data. Nonetheless, the
relevancy score for these studies was seven, indicating that the results were highly relevant to

the New Zealand situation.
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3.4.3 E.coli spp.

Literature searches identified 26 published studies investigating the association between
E.coli infections in humans and the consumption of unpasteurised milk or dairy products
made of raw milk. Seven of these studies were classified as Type 1 (Table 12) and 19 as
Type 2. All Type 1 studies were published within the past two decades and reported
outbreaks in North America, Western Europe and the United Kingdom. The likely sources of
infection were raw milk, unpasteurised cheese of bovine and caprine origin as well as other
pasteurised dairy products. In three outbreak investigations, the vehicle of infection was
thought to be pasteurised milk, cheese curds and yoghurts that became contaminated after
pasteurisation as a result of E.coli contaminated raw milk or faecal matter (Durch et al.
(2000); Moore et al. (1995); Morgan et al. (1993)). Given, there was a possibility that the
contamination may not have been due to raw milk we did not consider these papers further.
The remaining four studies had acceptable internal validity, scored five for causality and eight
for relevancy. Therefore, the evidence provided moderate support for a causal relationship
between E.coli infection in humans and consumption of unpasteurised milk and dairy
products. Furthermore, there was no variability and the results were highly relevant to New

Zealand.

3.4.4 Listeria monocytogenes

Literature searches identified nine Type 1 studies (Table 13) and 12 Type 2 studies. The nine
Type 1 studies were limited to North America and Western Europe. In six of the articles
listeriosis was associated with the consumption of raw milk and unpasteurised cheese of
bovine origin, while pasteurised milk and butter were the possible sources of infection in two
outbreaks (Fleming et al. (1985); Lyytikainen et al. (2000)). In one outbreak investigation
cheese could not be identified as a vehicle of infection with certainty (Riedo et al. (1994)) and
as such the study was not considered when summarizing the causality and relevance score. A
second Type 1 study was also excluded because the internal validity score was less than 25.
In the remaining seven Type 1 studies the mean causality score and relevancy score were five
and six, respectively. Therefore, the evidence is of high relevance to New Zealand and
provides moderate support for a causal relationship between consumption of raw milk and
raw milk products and infection of listeriosis. It is noteworthy that there was moderate
variability in the causality scores for each study. One of the reasons for the lower causality is
that the prolonged incubation period of listeriosis makes it very difficult to prove temporality

when using a case-control study design.
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3.4.5 Salmonella serovars

Database searches identified a total of 38 studies investigating the association of
salmonellosis in humans and the consumption of raw milk or unpasteurised cheese: ten were
Type 1 (Table 14) and 28 Type 2 studies. All but one of the Type 1 studies were conducted in
North America or Western Europe. Raw milk and unpasteurised cheese of bovine origin as
possible sources of infection were the most common sources of infection. In one outbreak
investigation, pasteurised cheese was identified as the vehicle of infection but was most likely
contaminated during the manufacture and processing (Hedberg et al. (1992)). Given that
disease in Hedberg et al. (1992) cannot definitively be related to raw milk exposure, it was not
considered when determining the summary measures for causality and relevancy. In the
remaining nine studies, the mean score for causality was five, the range in causality scores
was four and the mean relevancy score was eight. Therefore, the strength of evidence
supporting a causal link between salmonellosis and consumption of raw milk and
unpasteurised cheese is moderate and the results are extremely relevant to New Zealand.
There is, however, moderate variability in scores which indicates that the results should be

interpreted with caution and subject to review.

3.4.6 Coxiella burnetii

A total of 14 articles were identified when searching for Coxiella burnetii, the agent
responsible for Q fever, of which only five of these studies were classified as Type 1 studies
(Table 15). Of the five Type 1 studies only two had adequate internal validity to be
considered further. These two studies provided moderate evidence of a causal relationship
between Q fever and consumption of raw milk products. However, two studies are
insufficient to draw inferences about causality. In conclusion, due to the lack of good
research studies, it is difficult to evaluate any association objectively and as such no

conclusions can be drawn.

3.4.7 Mycobacterium bovis

A total of 14 studies describing human health impacts after drinking raw milk or raw milk
products contaminated with Mycobacterium bovis were identified but only three were
classified as Type 1 studies (Table 15). Of these three studies only two studies had adequate
internal validity, both with causality score of five and relevancy scores of six and eight.
Considering the lack of good research studies, it is difficult to evaluate any association

objectively and therefore, no conclusions can be drawn.
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3.4.8 Shigella spp.

Only two publications were found to have documented outbreaks of shigellosis in humans and
both were classified as Type 1 studies (Table 15). Both outbreaks occurred in Europe and
were linked to milk products of bovine origin. In one study unpasteurised cheese was reported
as the likely vehicle of infection (Zagrebneviene et al. (2005)), whereas cross-contamination
after pasteurisation was the possible source of infection in the other case (Garcia-Fulgueiras et
al. (2001)). Considering the lack of good research studies, it is difficult to evaluate any
association between raw milk products and infection with Shigella spp. objectively, and,

therefore no conclusions can be drawn from these two studies.

3.4.9 Staphylococcus spp.

Literature searches identified a total of 13 studies investigating the association between
Staphylococcus infection in humans and the consumption of raw milk/dairy products made of
unpasteurised milk but only five were Type 1 studies (Table 15). Mainly unpasteurised dairy
products of bovine origin were identified as the likely source of infection. Cheese, cross-
contaminated with Staphylococcus pathogens after pasteurisation, was the suspect vehicle of
infection in one study (Jelastopulu et al. (2006)), while spray-dried milk powder was thought
to be the likely cause of outbreak in another study (Armijo et al. (1957)). Interestingly, all
four studies were able to show evidence of temporality and reported strong statistical
associations. However, the internal validity in four of the five papers was not acceptable, and
as such there was insufficient evidence to assess an association objectively, if there is a causal
link between exposure to raw milk and/or dairy products made from raw milk and infection

with Staphylococcus.

3.4.10 Streptococcus spp.

There were 13 publications found to have studied the occurrence of Streptococcus infection in
humans in association with the consumption of raw milk or unpasteurised cheese
contaminated with Streptococcus pathogens but only three were Type 1 studies (Table 15).
All three studies identified dairy products of bovine origin as vehicle of infection.
Inadequately pasteurised cheese was believed to be the cause of outbreak in one study
(Bordes-Benitez et al. (2006)), while the other two were linked to raw milk and unpasteurised
cheese processing raw milk from cows with Streptococcus mastitis. Due to the lack of

research, there is not sufficient evidence to support the hypothesis that consumption of raw
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milk/unpasteurised cheese was the causal factor of disease. This conclusion will need to be

reviewed if additional information becomes available.

3.4.11 Yersinia spp.

Only two publications were found investigating the association between yersiniosis in humans
and the consumption of dairy products contaminated with Yersinia spp. (Table 15). The
American study was an outbreak investigation where pasteurised milk became contaminated
with Yersinia pathogens probably at the dairy. In contrast, the New Zealand study focused on
the identification of risk factors for yersiniosis including raw milk as a possible source of
infection. Only the American study could show some evidence for temporality and strong
statistical association between the consumption of Yersinia contaminated milk and the disease
in humans. In the New Zealand study, no statistical association was identified with drinking
raw milk and the incidence of yersiniosis. Based on the very small number of studies, there is
not sufficient evidence to support a causal association between consumption of raw milk and

yersiniosis in humans.

3.4.12 Other pathogens/diseases

Database searches identified another five studies investigating the association between
consumption of raw milk/unpasteurised cheese and human diseases not listed in Table 1
(Table 15). In two of the studies, the causal pathogen could not be identified as it was
unknown (Brainerd diarrhoea in Osterholm et al. (1986)) or could not be detected during the
investigation (neither in the dairy product nor the patient) (Maguire et al. (1991)). The cancer
study (Sellers et al. (2008)) did not specify the species when enquiring about past exposure of
drinking raw milk and the study by Van Kruiningen et al. (2005) aimed to identify risk factors
for Crohn’s disease of which the causal pathogen is still unknown. Only the Australian study
by Harper et al. (2002) was able to find the causal agent (Cryptosporidium) within this group
of ‘miscellaneous’ pathogens/diseases. Although all four studies (except cancer study) have
found statistical associations between the consumption of raw milk or unpasteurised cheese
and disease in humans, no study could provide evidence for temporality and therefore it is
very questionable, whether there is a causal relationship between consumption of raw milk

and/or raw milk products and any of these diseases.

33



3.5 Conclusions

Table 16 summarises the results for each of the pathogens. The evidence provided moderate
support for a causal link between the consumption raw milk/raw milk products and infection
with the following pathogens:

- Campylobacter spp.;

- E. coli spp.;

- Listeria monocytogenes; and

- Salmonella serovars.
The evidence also provided, albeit weak, support for a causal link between infection with
Brucella and the consumption of raw milk products. Owing to the shortage of studies and/or
shortage of studies with adequate internal validity, it was not possible to objectively evaluate
if there was a causal link between exposure to raw milk and products made from raw milk and
the following pathogens/diseases:

- Coxiella burnetii;

- Mycobacterium bovis;

- Shigella;

- Staphylococcus;

- Streptococcus;

- Yersinia;

- Cancer;

- Crohn’s disease; and

- Cryptosporidium.
Toxoplasma infections in humans linked to consumption of raw milk/raw milk products were
only reported in Type 2 studies and therefore insufficient to prove any causal association; no
literature was found for Bacillus cereus reporting human disease in association with the

consumption of raw milk and/or raw milk products.

A meta-analysis was not conducted as part of this review; however, the available literature
was evaluated to determine whether there was sufficient information to be included in a meta-
analysis. Based on our findings of evidence included in this systematic review, there was
neither adequate qualitative agreement between studies described, nor sufficient quantitative

data to warranty a meta-analysis.
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Table 10: Systematic review scores for causality and relevancy of articles documenting adverse health effects in humans after consumption of raw
milk/dairy products made of raw milk contaminated with Brucella spp. Results presented ordered by causality score.

Internal
validity Causality Relevancy
acceptable?® Reference Year Country Product Species score score
Yes Jordan 1931 North America Raw milk, unpasteurised cream  Cow 3 4
Yes Almuneef 2004 Arabic country Raw milk Cow, goat, sheep, 4 6
camel
Yes Hadjichristodoulou 1999 Eastern Europe Raw milk, unpasteurised cheese =~ Unknown 4 6
Yes Al-Shamahy 2000 Arabic country Raw milk Sheep, goat 5 6
Yes Martinez 2003 Western Europe Unpasteurised cheese Goat 5 8
Yes Sofian 2008 Arabic country Raw milk, unpasteurised cheese ~ Sheep 5 6

* Yes indicates that the article had an internal validity score > 25.
No indicated that the article had an internal validity score <25.



Table 11: Systematic review scores for causality and relevancy of articles documenting adverse health effects in humans after consumption of raw

milk/dairy products made of raw milk contaminated with Campylobacter spp. Results presented ordered by causality score.

Internal

validity Causality Relevancy
acceptable?® Reference Year Country Product Species  score score
No Blaser 1979 North America Raw milk Cow - -
No Taylor 1979 North America Raw milk Cow - -
No Brieseman 1984 New Zealand Raw milk Cow - -
No Peterson 2003 North America Raw milk Cow - -
Yes Church Potter 2003 North America Raw milk Cow 3 8
Yes Neimann 2003 Western Europe Raw milk Cow 3 8
Yes Harris 1987 North America Raw milk Goat 3 6
Yes Tenkate 2001 Australia Milk, soft cheese Cow 3 10
Yes Eberhart-Phillips 1997 New Zealand Raw milk, unpasteurised cream  Cow 4 10
Yes Wright 1983 UK Raw milk Cow 5 6
Yes Black 1988 North America Milk-powder Cow 5 6
Yes Michaud 2004 North America Raw milk Cow 5 8
Yes Morgan 1994 UK Raw milk Cow 5 6
Yes Carrique-Mas 2005 Western Europe Raw milk Cow 5 8
Yes Friedman 2004 North America Raw milk Cow 5 8
Yes Harris 1986 North America Raw milk Cow 5 6
Yes Fahey 1995 UK Raw milk Cow 5 6
Yes Hopkins 1984 North America Raw milk Cow 5 6




Internal

validity Causality Relevancy
acceptable?® Reference Year Country Product Species  score score
Yes Studahl 2000 Western Europe Raw milk Cow 5 8
Yes Schmid 1987 North America Raw milk Cow 5 6
Yes Potter 1983 North America Raw milk Cow 7 6
Yes Taylor 1982 North America Raw milk Cow 7 6
Yes Klein 1986 North America Raw milk Cow 7 6
Yes Kornblatt 1985 North America Raw milk Cow 7 6
Yes Birkhead 1988 North America Raw milk Cow 7 6
Yes Evans 1996 UK Raw milk Cow 7 8

Yes Steele 1978 Australia Milk® Cow 9 8

* Yes indicates that the article had an internal validity score > 25.

No indicates that the article had an internal validity score <25.
® Insufficient evidence in the article to determine if the milk was pasteurised or unpasteurised and as such this source was not considered when determining the overall causality
and relevancy scores.



Table 12: Systematic review scores for causality and relevancy of articles documenting adverse health effects in humans after consumption of raw

milk/dairy products made of raw milk contaminated with E.coli spp. Results presented ordered by causality scores.

Internal validity Causality Relevancy
acceptable?? Reference Year Country Product Species score score

Yes Moore 1995 North America Pasteurised milk” Cow 3 6

Yes Bhat 2007 North America Raw milk Cow 5 8

Yes Bielaszewska 1997 Western Europe Raw milk Goat 5 8

Yes Deschénes 1996 Western Europe Unpasteurised cheese Cow, goat 5 8

Yes Durch 2000 North America Cheese curds” Cow 5 8

Yes Jensen 2006 Western Europe Raw milk Cow 5 8

Yes Morgan 1993 UK Yoghurt” Cow 5 6

* Yes indicates that the article had an internal validity score > 25.
No indicates that the article had an internal validity score <25.

® Product was thought to be contaminated after pasteurisation with raw milk but the evidence was not conclusive and as such this source was not considered when determining the

overall causality and relevancy scores.



Table 13: Systematic review scores for causality and relevancy of articles documenting adverse health effects in humans after consumption of raw
milk/dairy products made of raw milk contaminated with Listeria monocytogenes pathogens. Results presented ordered by causality score.

Internal validity Causality Relevancy
acceptable?? Reference Year  Country Product Species score score
No Goulet 1995 Western Europe Unpast. cheese Cow - -

Yes Lyytikainen 2000 Western Europe Pasteurised butter” Cow 3 8
Yes Jensen 1994 Western Europe Raw milk Cow 3 6
Yes Schuchat 1992 North America Unpast. cheese Cow 4 6
Yes Fleming 1985 North America Pasteurised milk Cow 5 6
Yes Linnan 1988 North America Unpasteurised cheese ~ Cow 5 6
Yes MacDonald 2005 North America Unpasteurised cheese ~ Cow 5 8
Yes Carrique-Mas 2003 Western Europe Raw milk Cow, goat 6 8
Yes Riedo 1994 North America Cheese?* Cow 7 6

* Yes indicates that the article had an internal validity score > 25.
No indicates that the article had an internal validity score <25.
® Product was thought to be contaminated after pasteurisation with raw milk but the evidence was not conclusive and as such this source was not considered when determining the
overall causality and relevancy scores.
¢ Cheese was not confirmed as the vehicle of infection and as such this source was not considered when determining the overall causality and relevancy scores.



Table 14: Systematic review scores for causality and relevancy of articles documenting adverse health effects in humans after consumption of raw

milk/dairy products made of raw milk contaminated with Salmonella serovars. Results presented ordered by causality score.

Internal validity Causality Relevancy
acceptable?® Reference Year Country Product Species score score
Yes Austin 2008 North America Unpasteurised cheese Cow 3 8
Yes CcDC’ 1984 North America Raw milk Cow 5 6
Yes Cody 1999 North America Unpasteurised cheese Cow 5 8
Yes De Valk 2000 Western Europe Unpasteurised cheese Cow 5 8
Yes Desenclos 1996 Western Europe Unpasteurised cheese Goat 5 8
Yes Haeghebaert 2003 Western Europe Unpasteurised cheese Cow 5 8
Yes Hedberg 1992 North America Pasteurised cheese® Cow 5 6
Yes Mazurek 2004 North America Raw milk Cow 5 8
Yes Villar 1999 North America Unpasteurised cheese Cow 5 8
Yes Maguire 1992 UK Unpasteurised cheese Cow 7 6

* Yes indicates that the article had an internal validity score > 25.
No indicates that the article had an internal validity score <25.

® Product was thought to be contaminated after pasteurisation with raw milk but the evidence was not conclusive and as such this source was not considered when determining the

overall causality and relevancy scores.



Table 15: Systematic review scores for causality and relevancy of articles documenting adverse health effects in humans after consumption of raw
milk/dairy products made of raw milk contaminated, ordered by pathogen/disease.

Internal
validity Causality Relevancy
Agent/Disease acceptable?® Reference Year Country Product Species  score score
Cancer Yes Sellers 2008 North America Raw milk ? 3 8
Coxiella burnetii  No Brown 1968 United Kingdom  Raw milk Cow - -
No Fishbein 1992 Western Europe  Raw milk Goat - -
Unpasteurised cheese
No Brouqui 1993 Western Europe ~ Raw milk Cow - -
Yes Jorm 1990 United Kingdom  Raw milk Goat 5 6
Yes Krumbiegel 1970 North America Raw milk Cow 5 6
Crohn's disease Yes Van Kruiningen 2005 Western Europe  Raw milk Cow 5 8
Unpasteurised cheese
Cryptosporidium  Yes Harper 2002 Australia Raw milk Cow 5 10
Mycobacterium No Black 1961 United Kingdom  Raw milk Cow - -
bovis
Yes Besser 2001 North America Raw milk Cow 5 8
Unpasteurised cheese
Yes Coker 2006 Eastern Europe Raw milk Cow 5 6
Shigella Yes Garcia- 2001 Western Europe  Pasteurised cheese® Cow 4 8
Fulgueiras
Yes Zagrebneviene 2005 Eastern Europe Unpasteurised cheese Cow 5 6




Internal

validity Causality Relevancy
Agent/Disease acceptable?® Reference Year Country Product Species  score score
Staphylococcus No Bone 1989 United Kingdom  Unpasteurised cheese Sheep - -

No Cerqueira 1994 South America Unpasteurised cheese Cow - -

No Crabtree 1934 North America Raw milk Cow - -

No Armijo 1957 North America Milk-powder Cow - -

Yes Jelastopulu 2006 Eastern Europe Cheese Cow 7 6
Streptococcus No Dublin 1943 North America Raw milk Cow - -

Yes Balter 2000 South America Unpasteurised cheese Cow 4 6

Yes Bordes-Benitez 2006 Western Europe ~ Unpasteurised cheese Cow 5 8
Unknown No Maguire 1991 United Kingdom  Unpasteurised cheese Cow - -

Yes Osterholm 1986 North America Raw milk Cow 5 6
Yersinia Yes Satterthwaite 1999 New Zealand Raw milk Cow 3 10

Yes Black 1978 North America Pasteurised milk Cow 7 6

 Yes indicates that the article had an internal validity score > 25.

No indicates that the article had an internal validity score <25.
® Product was thought to be contaminated after pasteurisation with raw milk but the evidence was not conclusive and as such this source was not considered when determining the
overall causality and relevancy scores.



Table 16: Total number of studies, the number of Type 2* studies, Type 1° studies with adequate internal validity (IV) and Type 1 studies with

inadequate IV and mean causality score, range in causality scores and mean relevancy score for each pathogen.

Number of studies

Causality Score

Type 1- Type 1- Mean Relevancy
Pathogen Type 2 Inadequate 1V° adequate 1V* Total Mean Range Score
Brucella spp. 31 0 6 37 Low Low Moderate
Campylobacter spp. 24 4 23 51 Moderate High High
E.coli spp. 19 0 7 26 Moderate None High
Listeria monocytogenes 12 1 8 21 Moderate Moderate High
Salmonella spp. 28 0 10 38 Moderate Moderate High
Coxiella burnetii 9 3 2 14 Insufficient Insufficient Insufficient
Mycobacterium bovis 11 1 2 14 Insufficient Insufficient Insufficient
Shigella spp. 0 0 2 2 Insufficient Insufficient Insufficient
Staphylococcus spp. 8 4 1 13 Insufficient Insufficient Insufficient
Streptococcus spp. 10 1 2 13 Insufficient Insufficient Insufficient
Yersinia spp. 0 0 2 2 Insufficient Insufficient Insufficient
Toxoplasma 3 0 0 3 Insufficient Insufficient Insufficient

* “Type 2’ studies are comprised of outbreak investigations (without a denominator), surveys, case reports, and case series.

b "Type 1’ studies are randomised control trials, cohort, case-control, cross-sectional studies, and outbreak investigations with information about the number of

exposed individuals.

¢ ’Type 1’ studies with and internal validity scores <25.
4*Type 1’ studies with and internal validity scores > 25.



4 Discussion of methodology

The overriding concern, when undertaking this systematic review, was the general lack of
studies and the lack of studies with good internal validity. We do not believe that this was
because we missed relevant articles in our searching, as we searched widely and used
keywords to maximise the retrieval of relevant articles for each selected pathogen. In fact, the
use of keywords to maximise retrieval resulted in a large number of irrelevant articles being
selected, as indicated by the low database percentage accuracy. One of the reasons for this
was that the keywords used to search databases resulted in the retrieval of a number of articles
related to food technology. Considering the topic under review is directly associated with
human health and food, it was not possible to design more specific search terms without

increasing the likelihood of missing relevant articles.

Caution is advised when using the database accuracy to guide decisions about use of search
engines when trying to retrieve relevant literature on a specific topic. For example, Web of
Knowledge had the lowest percentage accuracy but produced the highest number of relevant
articles. Moreover, the majority of the articles identified in the Web of Knowledge searches
were not retrieved by any other database. Therefore, in order to achieve completeness of
literature search, it is important to search multiple databases because only a small number of
articles appeared in more than one database. Furthermore, it is essential to screen the
reference list of all the articles for other relevant articles; this is especially useful when trying

to identify studies published before 1950.

Keywords used in search terms have identified articles reporting evidence of human disease
associated with the consumption of raw milk and/or dairy products made of raw milk.
However, these keywords have also retrieved evidence of pasteurisation failures and
contaminations with raw milk after pasteurisations which are basically equivalent to
consumers’ exposure to unpasteurised milk or unpasteurised dairy products (see Tables 10 to
15 in Results section). In addition, searching websites of food safety authorities and public
health and food agencies of several countries (UK, USA, Canada, Ireland, Australia, the
European Union) has assured that reports of pasteurisation failures have been included in this

systematic review.

A total of 272 primary research articles were identified by the search criteria, but only 84
were classified as Type 1 studies and considered further in the review. The classification

system was designed to divide studies into those that by their design could and could not
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provide evidence of causation. Specifically, outbreak investigations without information
about the total number of people exposed (i.e. denominator data) do not provide any
information about those people that did not become ill and as such measures of frequency and
association cannot be calculated. One of the reasons why denominator data may not be
collected is that during an outbreak the aim of the investigation is to identify the source of
infection as quickly as possible to avoid further cases, rather than to collect data that can be
used to assess causality. Be that as it may, outbreak investigations without denominator data
and cases series do suggest that there may be an association between consumption of raw milk

and raw milk products and adverse health effects.

In the current review, the majority of Type 1 studies were outbreak investigations and reports
and therefore not of high internal validity; which was reflected in the moderate to low scores
for internal validity of the assessed studies and consequently affected the evidence to prove a
possible causal relationship. A number of studies were not assessed for causality and
relevance as scoring less than 25 for internal validity. These studies were excluded because
the results were more likely to be biased, and as such it would not be possible to determine

whether the observed effects were true or occurred as a result of bias.

The evidence scored for causality did not provide strong support for a causal relationship
between consumption of raw milk and infection with any of the pathogens/agents we
considered. This was in part due to the design of the reported studies; only 11/84 articles
were identified as experiments or cohort studies implying that the remaining majority of
articles (including case-control, cross-sectional, outbreak investigations with given
denominator) were limited by their study design to prove a causal relationship; i.e. the design
of case-control studies makes it difficult, if not impractical to demonstrate temporality. It was
also difficult to prove causality when studying disease with long incubation periods (i.e.
Tuberculosis and listeriosis) because infected humans are exposed to a range of other possible
risk factors during the incubation period. Thus, it is unfeasible to determine the genuine
source of infection. Another reason for low causality scores is that the studies need to report
the successful detection of the causal pathogen. However, several outbreak investigations
were unable to detect the causal agent, because of various reasons: (i) the food item was
already eaten or not available (especially in diseases with long incubation periods); (ii)
pathogen was self-destroying over time (cheeses); (ii1) diagnostic method to detect pathogenic
enterotoxins of toxin-producing pathogens was not developed (e.g. Staphylococcus
enterotoxin); (iv) irregular excretion of pathogens in species of origin (e.g. Streptococcus

abscess in udder, Campylobacter enteritis); (v) irregular faccal contamination of raw milk. As
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a logic consequence, causality could not be demonstrated as the causal agent was not detected

in the raw milk product.

The majority of food poisoning incidences (or risk factor studies) were reported from North
America, followed by Western Europe and the United Kingdom (UK). This observation was
not surprising because public health and food safety aspects are of high importance in these
countries. Therefore outbreaks of food poisoning are more likely to be detected and made
official in reports and eventually being published in peer reviewed journals. In more than half
of the studies, raw milk (of any species) was considered as the most likely vehicle of
infection, whereas less than a quarter of articles had inferred unpasteurised cheese as the
cause of disease. The difference between raw milk and unpasteurised cheese may be due to
differences in the level of exposure that is, more people consume raw milk than unpasteurised
cheese. In terms of species, dairy products of bovine origin were identified as the source of
infection in 83% (70/84) of studies, which is also likely to reflect consume habits rather than

increased risk in bovine dairy products.

Overall, there was no strong evidence for causal relationship, however moderate causal links
were found for Campylobacter spp., E. coli spp., Listeria monocytogenes, and Salmonella
serovars. These pathogens are more or less common in New Zealand, hosting predominantly
in animals and are a potential source of infection for humans, in particular via faecal
contamination of raw milk. Therefore, we suggest taking these pathogens into considerations
when developing ‘Standards’ for domestic raw milk products, although present literature does
not provide strong evidence for a causal relationship.

No attempt was made to combine the causality and relevance score because policy makers
would need to consider the evidence differently, depending on whether one was assessing the
risk for a domestic or imported dairy product(s). Specifically, when considering dairy
products made from New Zealand raw milk, it would be necessary to consider (i) if the
pathogen is present in New Zealand and whether (ii) the literature supports a causal link
between consumption of raw milk and infection with the pathogen and (iii) if the literature
was relevant to the New Zealand situation. In contrast, when considering an imported
product, it would be necessary to consider (i) what pathogens are present in the exporting
country and then (ii) determine if the literature supports evidence of a causal link between
consumption of raw milk and infection with the pathogens of interest. Decision makers may

also want to come up with a relevancy scoring system for the exporting country.
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5 Discussion of evidence

The systematic review was hampered by a lack of studies and/or studies conducted in a
manner that could be used to demonstrate causality. It was not possible to determine whether
there is a causal link between consumption of raw milk and infection with Shigella, Yersinia;
and Toxoplasma because we retrieved less than four studies, for each pathogen. The lack of
studies could reflect a lack of research. Alternatively, the lack of studies could be because
consumption of raw milk and raw milk products rarely results in infections with Shigella,

Yersinia and Toxoplasma.

We retrieved in excess of four articles for Coxiella burnetii (n = 14), Mycoplasma bovis, (n =
14), Staphylococcus spp. (n = 13) and Streptococcus spp. (n = 13). However, for each
pathogen, there were less than four Type 1 studies with internal validity scores of > 25 and as
such it was not possible to demonstrate a link between consumption of raw milk/raw milk
products and infection with Coxiella burnetii, Mycoplasma bovis, Staphylococcus spp. and

Streptococcus spp.

For Brucella spp., Campylobacter spp., E.coli spp., Listeria monocytogenes, and Salmonella
serovars we were able to find low to moderate evidence to support a causal link between
consumption of raw milk products and adverse health effects. When this is taken in
combination with the relatively high number of Type 2 studies for each pathogen (Table 16),
there is a reasonable body of evidence to support the hypothesis, that consumption of raw
milk puts an individual at greater risk of being infected with Brucella spp., Campylobacter

spp., E.coli spp., Listeria monocytogenes, and Salmonella serovars.
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6 Conclusions

The overriding concern, when undertaking this systematic review, was the overall lack of
studies and the lack of studies with good internal validity. The evidence provided moderate
support for a causal link between infections associated with Campylobacter spp., E. coli spp.,
Listeria monocytogenes, Salmonella serovars and the consumption of raw milk products; and
a weak support of a causal link between consumption of raw milk products and infection with
Brucella spp. Due to the lack of well designed studies a meta-analysis using the available

evidence cannot be conducted.
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Appendix I: Assessment worksheet
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Qu 1: Is the study a ‘Type 2’ study?

(This includes case-series, case reports, surveys, outbreak investigations without denominator
given; for definitions see section 2.6, Table 3)

end assessment here.

it is a ‘Type 1’ study, which includes RCT, cohort, case-control, cross-sectional
studies, and outbreak investigations with given denominator (for definitions see
Section 2.4, Table 4). Therefore assess its internal validity, causality and relevancy

using the scoring systems below.

Qu 2: Is this study internally valid?

Criteria Level Score  Tick
Study design Randomised controlled trial (RCT) or experiment. 10
Cohort. 8
Population based case-control. 6
Hospital based case-control. 4
Cross-sectional or Outbreak investigation (denominator given). 3
Number of >100 5
participants 50-99 3
<50 1
How was Randomisation. 10
confounding Matching (sex, age) at the design stage. 8
addressed? Multivariable techniques used. 6
Stratification used. 4
It was not adjusted for. 0
How was Case definition given (incl. clinical signs). 10
n}13g1a551ﬁcat1on Testing participants positive for causal agent (RCT, cohort, 8
0 }segie SIS case-control, outbreak investigation) or antibodies (cross-
avolded: sectional).
It was not addressed / agent not detected. 0
How was Testing suspect product (milk, cheese or similar) positive for 8
misclassification causal agent.
of exposuyz & Other possible exposure factors excluded (animal contact, 5
status avotded: person-to-person contact, environment) or no evidence or
negative test results.
Identification of source of exposure by interview/questionnaire 3
(attack rate).
Patient’s history. 1
It was not addressed. 0
How was the >80 10
response rate? 50-79 4
<50 2
It was not reported. 0
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Qu 3: Was there any evidence for causality?

Criteria Level Score  Tick
Was there any Temporality

evidence for Consumption of dairy product preceded adverse health effect

causality? (realistic incubation time?) 3

(Hill’s criteria) No temporality 1

Strength of association

Unadjusted OR or RR > 3 (strong) and significant 3
Unadjusted OR or RR < 3 and significant 2
Unadjusted OR or RR non-significant 1
Dose-response relationship

Evidence of dose-response relationship

No dose-response relationship 1

Qu 4: Is this study applicable to the New Zealand situation? (Relevancy ranking)

Criteria Level Score Tick
Country Australia, New Zealand 5
North America, Western Europe, UK 3
Eastern Europe, Arabic countries, South America 1
Year of incidence/  2008-1996 5
publication 1995-1945
Before 1945 1
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Table A.l: Summary of all Type 2 studies, stratified by agent.

Pathogen  Reference Year  Country Product Species
Brucella Al Dahouk 2005 Western Europe Raw milk, unpast. cheese Goat, sheep
Al-Eissa 1990 Arabic country Raw milk Cow
Al-Rawi 1989 Arabic country Butter, cream, unpast. Cow
cheese
Bingol 2006 Eastern Europe Raw milk Cow
Bothwell 1960 UK Raw milk Cow
Bothwell 1962 UK Raw milk Cow
Celebi 2007 Eastern Europe Unpast. cheese Goat
Cruickshank 1942 UK Raw milk Cow
Eckman 1975 North America Unpast. cheese Cow
Elkington 1940 UK Raw milk Cow
Galbraith 1969 UK Unpast. cheese Sheep
Galbraith 1984 UK Raw milk Cow
Gomez-Reino 1986 Western Europe Raw milk, unpast. cheese Cow
Henderson 1967 UK Raw milk Cow
Hendricks 1995 Africa Raw milk Cow
Jennings 2007 Arabic country Raw milk Unknown
Lulu 1988 Arabic country Raw milk, unpast. cheese Cow, sheep, goat, camel
Memish 2001 Arabic country Raw milk, unpast. cheese Goat, camel
Mousa 1986 Arabic country Raw milk Unknown
Mousa 1988 Arabic country Raw milk Cow, goat, camel
Public Health 1995 UK Unpast. cheese Sheep, goat
Agency
Ramos 2008 Western Europe Raw milk Goat
Sabbaghian 1974 Arabic country Raw milk Cow, sheep, goat
Sharda 1986 Arabic country Raw milk, unpast. cheese Cow, sheep, goat, camel
Steele 1948 North America Raw milk Cow
Street 1975 North America Unpast. cheese Goat
Vogt 1999 Western Europe Unpast. cheese Goat
Wallach 1994 South America Unpast. cheese Goat
Wynne 1985 UK Unpast. cheese Cow, goat
Young 1975 Central America Unpast. cheese Goat
Zaks 1995 Arabic country Raw milk, unpast. cheese Goat
Campylo-  Anonymous 1984  North America Raw milk Cow
bacter Atanassova 2001 Western Europe Raw milk Cow
Blaser 1987 North America Raw milk Cow
Finch 1985 North America Raw milk Cow
Harrington 2002  North America Raw milk Cow
Hudson 1984  North America Raw milk Cow
Hutchinson 1985 UK Raw milk Cow
Hutchinson 1985 UK Raw milk Goat
Jones 1981 UK Raw milk Cow
Kalman 2000  Eastern Europe Raw milk Cow
Korlath 1985 North America Raw milk Cow
Lehner 2000 Western Europe Raw milk Cow
McNaughton 1982 UK Raw milk Cow
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Table A.l. continued

Pathogen Reference Year  Country Product Species
Campylo-  Morgan 1985 UK Raw milk Cow
bacter Orr 1995 UK Raw milk Cow
Porter 1980 UK Raw milk Cow
Robinson 1979 UK Raw milk Cow
Robinson 1981 UK Pasteurised milk Cow
Schildt 2005 Western Europe Raw milk Cow
Tettmar 1981 UK Raw milk Cow
Wallace 1980 UK Raw milk Cow
Warner 1986 North America Raw milk Cow
Wood 1992 North America Raw milk Cow
Anonymous 1991 UK Raw milk Cow
Coxiella Chaillon 2008  Western Europe Raw milk Goat
burnetti  connolly 1968 UK Raw milk Cow
Cracea 1989 Eastern Europe Raw milk Cow
Ellis 1983 UK Raw milk Cow
Marmion 1958 UK Raw milk Cow
Poole 1969 UK Raw milk Cow
Public Health Agency of 2000  North America Pasteurised cheese Goat
Canada
Tissot Dupont 1992 Western Europe Raw milk, unpast. cheese Cow, goat
Tylewska-Wierzbanowska 1991 Eastern Europe Raw milk Cow
E.coli Allerberger 2001 Western Europe Raw milk Cow, goat
Allerberger 2003 Western Europe Raw milk Cow
Chapman 1993 UK Raw milk Cow
Curnow 1999 UK Unpast. cheese Goat
Espié 2006 Western Europe Unpast. cheese Goat
Honish 2005 North America Unpast. cheese Cow
Jayarao 2006 North America Raw milk Cow
Keene 1997 North America Raw milk Cow
Liptakova 2004  Eastern Europe Raw milk, cream Cow
MacDonald 1985 North America Cheese Cow
Marier 1973 North America Cheese Cow
Martin 1986 North America Raw milk Cow
Moller-Nielsen 2005 Western Europe Raw milk? Cow
O’Brien 2000 UK Raw milk Cow
Public Health Agency 2000 UK Raw milk Cow
Public Health Agency of 2002  North America Raw milk Goat
Canada
Public Health Laboratory 1976 UK Raw milk Cow
Service
Public Health Laboratory 1998 UK Unpast. cream Cow
Service
Schneider 2008 North America Raw milk Cow
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Table A.l. continued

Pathogen Reference Year Country Product Species
Listeria Azadian 1989 UK Cheese Goat
monocytogenes Bannister 1987 UK Pasteurised cheese Cow
Beninger 1988 North America Raw milk Cow
Biila 1995 Western Europe Cheese Cow
Dalton 1997 North America Pasteurised milk Cow
Doorduyn 2006 Western Europe Not defined
Farber 1990 North America Unpast. cheese Cow
Gilot 1997 Western Europe Cheese Cow
Makino 2005 Asian country Cheese Cow
Oh 1992 Asian country Raw milk Unknown
Public Health Agency of 2003 North America Unpast. cheese Cow
Canada
Vogt 1990 North America Raw milk Cow
Mycobacterium Ahmed 1998 India Raw milk Cow
bovis Bohme 2007 Western Europe Raw milk Cow
Brown 1947 UK Raw milk Cow
Dankner 2000 North America Unpast. cheese Cow
Griffith 1944 UK Raw milk Cow
Keidan 1952 UK Raw milk Cow
Oloya 2007 Africa Raw milk Cow
Pande 1995 India Raw milk Cow
Tobiesen 1935 Western Europe Raw milk Cow
Winters 2005 North America Unpast. cheese Cow
Zwanenberg 1956 UK Raw milk Cow
Salmonella Anonymous 1938 UK Raw milk Cow
Anonymous 1973 UK Raw milk Cow
Centers for Disease 1984 North America Raw milk Cow
Control and Prevention
Centers for Disease 2007 North America Raw milk, unpast. Cow
Control and Prevention cheese
Communicable Disease 1985 UK Raw milk, cream Cow
Surveillance Centre
D'Aoust 1985 North America Unpast. cheese Cow
Ellis 1998 North America Unpast. cheese Cow
Fierer 1983 North America Raw milk Cow
Fontaine 1980 North America Unpast. cheese Cow
Hutchinson 1964 UK Raw milk Cow
Kinloch 1923 UK Raw milk Cow
Knox 1963 UK Raw milk Cow
Lennox 1954 UK Raw milk Cow
Lind 2007 North America Raw milk, Cow
unpast. cheese
Mateus 2008 UK Raw milk? Cow
McCall 1953 UK Raw milk Cow
Parry 1962 UK Raw milk Cow

66



Table A.l. continued

Pathogen Reference Year  Country Product Species

Salmonella Price 1967  North America Unpasteurised cheese Cow
Public Health 1998 UK Raw milk Cow
Laboratory Service
Reilly 1983 UK Raw milk Cow
Sharp 1980 UK Raw milk Cow
Small 1979 UK Raw milk Cow
Tacket 1985 North America Raw milk Cow
Talbot 1967 UK Raw milk Cow
Tucker 1946 North America Unpasteurised cheese Cow
Vogt 1981 North America Raw milk Cow
Werner 1979 North America Raw milk Cow
Public Health 1984 UK Raw milk Cow
Laboratory Service

Staphylococcus Asao 2003 Asian country Pasteurised milk, Cow

milk-powder

de Buyser 1985 Western Europe Unpasteurised cheese Sheep
Gross 1988  Arabic country Raw milk Goat
Tkeda 2005 Asian country Milk-powder Cow
Jorgensen 2005 Western Europe Raw milk Cow
Pereira 1996 South America Cheese Cow
Simedo do Carmo 2002 South America Raw milk, unpast. cheese Cow
Taylor 1954  New Zealand Raw milk Cow

Streptococcus Barnham 1983 UK Raw milk Cow
Barnham 1987 UK Raw milk Cow
Benson 1923 North America Raw milk Cow
Campbell 1993 UK Raw milk Cow
Edwards 1988 UK Raw milk Cow
Francis 1993 Australia Raw milk Cow
Henningsen 1938 Western Europe Raw milk Cow
Kuusi 2006 Western Europe Raw milk Goat
Lee 2001 UK Raw milk Cow
Torre 1990 Western Europe Raw milk Cow

Toxoplasma Riemann 1975 North America Raw milk Goat
Sacks 1982 North America Raw milk Goat
Skinner 1990 UK Raw milk Goat

Multiple Gillespie 2003 UK Raw milk Cow

pathogens

Multiple Headrick 1998 North America Raw milk Cow

pathogens

Unknown Centers for Disease 1984 North America Raw milk Cow

Control and
Prevention

67



68



Appendix IV: Bibliography of Type 2 studies

69



10.

11.

12.

13.

Ahmed N., Batish V.K., Grover S., Mittal R.C. (1998) Detection of tubercular cervical
lymphadenopathy of bovine origin in a woman by PCR-probe methods and culture
technique. Indian Veterinary Journal 75:1034-1035.

Al-Eissa Y.A., Kambal A.M., Alrabeeah A.A., Abdullah A.M.A., Al-Jurayyan N.A.,
Al-Jishi N.M. (1990) Osteoarticular brucellosis in children. Annals of the Rheumatic
Diseases 49:896-900.

Al-Rawi T.I., Thewaini A.J., Shawket A.R., Ahmed G.M. (1989) Skeletal brucellosis
in Iraqi patients. Annals of the Rheumatic Diseases 48:77-79.

Al Dahouk S., Nockler K., Hensel A., Tomaso H., Scholz H.C., Hagen R.M.,
Neubauer H. (2005) Human brucellosis in a nonendemic country: A report from
Germany, 2002 and 2003. European Journal of Clinical Microbiology and Infectious
Diseases 24:450-456.

Allerberger F., Friedrich A.W., Grif K., Dierich M.P., Dornbusch H.J., Mache C.J.,
Nachbaur E., Freilinger M., Rieck P., Wagner M., Caprioli A., Karch H.,
Zimmerhackl L.B. (2003) Hemolytic-uremic syndrome associated with
enterohemorrhagic Escherichia coli 026:H infection and consumption of
unpasteurized cow's milk. International Journal of Infectious Diseases 7:42-45.

Allerberger F., Wagner M., Schweiger P., Rammer H.-P., Resch A., Dierich M.P.,
Friedrich A.W., Karch H. (2001) Escherichia coli O157 infections and unpasteurised
milk. Euro Surveillance 6: Accessed on 02 Aug 08,
http://www.eurosurveillance.org/ViewArticle.aspx?Articleld=379.

Anonymous (1984) Campylobacter outbreak associated with certified raw milk
products - California. Jama-Journal of the American Medical Association 252:2386.

Anonymous (1991) Campylobacter/Cryptosporidium infection following a school
farm visit. Weekly Epidemiological Record, WHO 66:123.

Anonymous (1938) Outbreak of food poisoning due to Salmonella, type Dublin and
conveyed by raw milk. Analyst 63 429-430, doi: 410.1039/AN9386300429.

Anonymous (1973) Salmonella infection from raw milk. British Medical Journal
4:360.

Asao T., Kumeda Y., Kawai T., Shibata T., Oda H., Haruki K., Nakazawa H., Kozaki
S. (2003) An extensive outbreak of staphylococcal food poisoning due to low-fat milk
in Japan: Estimation of enterotoxin A in the incriminated milk and powdered skim
milk. Epidemiology and Infection 130:33-40.

Atanassova V., Ring C. (2001) Helicobacter and Campylobacter infections in children
after consumption of certified raw milk. Gut 49:A38.

Azadian B.S., Finnerty G.T., Pearson A.D. (1989) Cheese-borne Listeria meningitis in
immunocompetent patient. The Lancet 333:322-323.

70



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Bannister B.A. (1987) Listeria monocytogenes meningitis associated with eating soft
cheese. Journal of Infection 15:165-168.

Barnham M., Ljunggren A., McIntyre M. (1987) Human infection with Streptococcus
zooepidemicus (Lancefield Group C): Three case reports. Epidemiology and Infection
98:183-190.

Barnham M., Thornton T.J., Lange K. (1983) Nephritis caused by Streptococcus
zooepidemicus (Lancefield Group C). Lancet 1:945-948.

Beninger P.R., Savoia M.C., Davis C.E. (1988) Listeria monocytogenes meningitis in
a patient with AIDS-related complex. Journal of Infectious Diseases 158:1396-1397.

Benson R.L., Sears H.J. (1923) A milk-borne epidemic of septic sore throat in
Portland, Oregon. Journal of the American Medical Association 80:1608-1612.

Bingdl A., Togay- Isikay C. (2006) Neurobrucellosis as an exceptional cause of
transient ischemic attacks. European Journal of Neurology 13:544-548.

Blaser M.J., Sazie E., Williams L.P. (1987) The influence of immunity on raw milk-
associated Campylobacter infection. Jama-Journal of the American Medical
Association 257:43-46.

Bohme C., Meyer-Rath G., Magdorf K., Luck W., Krenn V., Wahn U., Keitzer R.
(2007) Abdominal tuberculosis in childhood. A case report of a nutritive infection
with Mycobacterium bovis. Monatsschrift Kinderheilkunde 155:S16-S19.

Bothwell P.W. (1962) Brucellosis in children. Archives of Disease in Childhood
37:628-639.

Bothwell P.W. (1960) Brucellosis: An anachronism in public health. Veterinary
Record 72:425-431.

Brown T.G. (1947) A survey of tuberculosis in the industrial county of Lanarkshire,
Scotland. The Journal of Hygiene 45:232-238.

Biila C.J., Bille J., Glauser M.P. (1995) An epidemic of food-borne listeriosis in
western Switzerland - description of 57 cases involving adults. Clinical Infectious
Diseases 20:66-72.

Campbell P., Dealler S., Lawton J.O. (1993) Septic arthritis and unpasteurized milk.
Journal of Clinical Pathology 46:1057-1058.

Celebi G., Kulah C,, Kilic S., Ustundag G. (2007) Asymptomatic brucella bacteraemia
and isolation of Brucella melitensis biovar 3 from human breast milk. Scandinavian
Journal of Infectious Diseases 39:205-208.

Centers for Disease Control and Prevention (CDC) (1984) Epidemiologic notes and

reports - chronic diarrhea associated with raw milk consumption - Minnesota
Morbidity and Mortality Weekly Report 33:521-522.

71



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Centers for Disease Control and Prevention (CDC) (1984) Salmonella dublin and raw
milk consumption - California Morbidity and Mortality Weekly Report 33:196-198.

Centers for Disease Control and Prevention (CDC) (2007) Salmonella typhimurium
infection associated with raw milk and cheese consumption - Pennsylvania, 2007.
Morbidity and Mortality Weekly Report 56:1161-1164.

Chaillon A., Bind J.L., Delaval J., Haguenoer K., Besnier J.M., Choutet P. (2008)
Aspects épidémiologiques de la fievre Q humaine en Indre-et-Loire entre 2003 et 2005
et confrontation a la fiévre Q caprine. Médecine et Maladies Infectieuses 38:215-224.

Chapman P.A., Wright D.J., Higgins R. (1993) Untreated milk as a source of
verotoxigenic E. coli O157. Veterinary Record 133:171-172.

Communicable Disease Surveillance Centre (1985) Food poisoning and salmonella
surveillance in England and Wales: 1983. British Medical Journal 291:394-396.

Connolly J.H. (1968) Q fever in Northern Ireland. British Medical Journal 1:547-552.

Cracea E., Constantinescu S., Tofan N., Caruntu F., Dogaru D. (1989) Q fever urban
cases in Romania. Archives roumaines de pathologie expérimentale et de
microbiologie 48:13-17.

Cruickshank J.C., Stevenson G.A. (1942) Undulant fever. A small outbreak in a girls'
school. British Medical Journal 1:522-523.

Curnow J. (1999) Escherichia coli O157 outbreak in Scotland linked to unpasteurised
goat’s milk. Euro  Surveillance 3: Accessed on 02 Aug 08,
http://www.eurosurveillance.org/ViewArticle.aspx?Articleld=1387.

D'Aoust J.Y. (1985) Infective dose of Salmonella typhimurium in Cheddar cheese.
American Journal of Epidemiology 122:717-720.

Dalton C.B., Austin C.C., Sobel J., Hayes P.S., Bibb W.F., Graves L.M.,
Swaminathan B., Proctor M.E., Griffin P.M. (1997) An outbreak of gastroenteritis and
fever due to listeria monocytogenes in milk. New England Journal of Medicine
336:100-105.

Dankner W.M., Davis C.E. (2000) Mycobacterium bovis as a significant cause of
tuberculosis in children residing along the United States-Mexico border in the Baja
California Region. Pediatrics 105:e79-.

de Buyser M.L., Janin F., Dilasser F. (1985) Contamination of ewe cheese with
Staphylococcus aureus: Study of an outbreak of food poisoning. Zentralblatt fur
Bakteriologie, Mikrobiologie und Hygiene, | Supplemente:677-678.

Doorduyn Y., de Jager C.M., van der Zwaluw W.K., Wannet W.J.B., van der Ende A.,
Spanjaard L., van Duynhoven Y. (2006) Invasive Listeria monocytogenes infections in
the Netherlands, 1995-2003. European Journal of Clinical Microbiology and
Infectious Diseases 25:433-442.

72



43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Eckman M.R. (1975) Brucellosis linked to Mexican cheese. Jama-Journal of the
American Medical Association 232:636-637.

Edwards A.T., Roulson M., Ironside M.J. (1988) A milk-borne outbreak of serious
infection due to Streptococcus zooepidemicus (Lancefield Group C). Epidemiology
and Infection 101:43-51.

Elkington G.W., Wilson G.S., Taylor J., Fulton F. (1940) A mild epidemic of undulant
fever in a boys' school due to drinking raw milk. British Medical Journal 1:477-478.

Ellis A., Preston M., Borczyk A., Miller B., Stone P., Hatton B., Chagla A., Hockin J.
(1998) A community outbreak of Salmonella berta associated with a soft cheese
product. Epidemiology and Infection 120:29-35.

Ellis M.E., Smith C.C., Moffat M.A.J. (1983) Chronic or fatal Q-fever infection: A
review of 16 patients seen in North-East Scotland (1967-80). Quarterly Journal of
Medicine 52:54-66.

Espi¢ E., Vaillant V., Mariani-Kurkdjian P., Grimont F., Martin-Schaller R., De Valk
H., Vernozy-Rozand C. (2006) Escherichia coli O157 outbreak associated with fresh
unpasteurized goats' cheese. Epidemiology and Infection 134:143-146.

Farber J.M., Carter A.O., Varughese P.V., Ashton F.E., Ewan E.P. (1990) Listeriosis
traced to the consumption of alfalfa tablets and soft cheese. New England Journal of
Medicine 322:338-338.

Fierer J. (1983) Invasive Salmonella dublin infections associated with drinking raw
milk. The Western Journal of Medicine 138:665-669.

Finch M.J., Blake P.A. (1985) Foodborne outbreaks of campylobacteriosis: The
United-States experience, 1980-1982. American Journal of Epidemiology 122:262-
268.

Fontaine R.E., Cohen M.L., Martin W.T., Vernon T.M. (1980) Epidemic
salmonellosis from Cheddar cheese: Surveillance and prevention. American Journal of
Epidemiology 111:247-253.

Francis A.J., Nimmo G.R., Efstratiou A., Galanis V., Nuttall N. (1993) Investigation
of milk-borne  Streptococcus  zooepidemicus infection associated  with
glomerulonephritis in Australia. Journal of Infection 27:317-323.

Galbraith N.S., Pusey J.J. (1984) Milkborne Brucella abortus infection. Lancet 1:110-
110.

Galbraith N.S., Ross M.S., Mowbray R.R.d.,, Payne D.J.H. (1969) Outbreak of
Brucella melitensis type 2 infection in London. British Medical Journal 1:612-614.

Gillespie I.A., Adak G.K., O'Brien S.J., Bolton F.J. (2003) Milkborne general

outbreaks of infectious intestinal disease, England and Wales, 1992-2000.
Epidemiology and Infection 130:461-468.

73



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Gilot P., Hermans C., Yde M., Gigi J., Janssens M., Genicot A., André P., Wauters G.
(1997) Sporadic case of listeriosis associated with the consumption of a Listeria
monocytogenes-contaminated Camembert cheese. Journal of Infection 35:195-197.

Gomez-Reino F.J., Mateo I., Fuertes A., Gomez-Reino J.J. (1986) Brucellar arthritis in
children and its successful treatment with trimethoprim-sulfamethoxazole (co-
trimoxazole). Annals of the Rheumatic Diseases 45:256-258.

Griffith A.S., Munro W.T. (1944) Human pulmonary tuberculosis of bovine origin in
Great Britain. The Journal of Hygiene 43:229-240.

Gross E.M., Weizman Z., Picard E., Mates A., Sheinman R., Platzner N., Wolff A.
(1988) Milkborne gastroenteritis due to Staphylococcus aureus enterotoxin B from a
goat with mastitis. American Journal of Tropical Medicine and Hygiene 39:103-104.

Harrington P., Archer J., Davis J.P. (2002) Outbreak of Campylobacter jejuni
infections associated with drinking unpasteurized milk procured through a cow-
leasing program - Wisconsin, 2001. Morbidity and Mortality Weekly Report 51:548-
549.

Headrick M.L., Korangy S., Bean N.H., Angulo F.J., Altekruse S.F., Potter M.E.,
Klontz K.C. (1998) The epidemiology of raw milk-associated foodborne disease
outbreaks reported in the United States, 1973 through 1992. American Journal of
Public Health 88:1219-1221.

Henderson R.J. (1967) Brucellosis in the dairy-farming community and allied workers
of Worcestershire. Lancet 2:353-357.

Hendricks M.K., Perez E.M., Burger P.J., Mouton P.A. (1995) Brucellosis in
childhood in the Western Cape. South African Medical Journal 85:176-178.

Henningsen E.J., Ernst J. (1938) Milk epidemic of angina, originating from a cow with
mastitis and due to Streptococcus pyogenes (Lancefield Group A). The Journal of
Hygiene 38:384-391.

Honish L., Predy G., Hislop N., Chui L., Kowalewska-Grochowska K., Trottier L.,
Kreplin C., Zazulak 1. (2005) An outbreak of E. coli O157:H7 hemorrhagic colitis
associated with unpasteurized Gouda cheese. Canadian Journal of Public Health-
Revue Canadienne De Sante Publique 96:182-184.

Hudson P.J., Vogt R.L., Brondum J., Patton C.M. (1984) Isolation of Campylobacter
jejuni from milk during an outbreak of campylobacteriosis. Journal of Infectious
Diseases 150:789-789.

Hutchinson D.N., Bolton F.J., Hinchliffe P.M., Dawkins H.C., Horsley S.D., Jessop
E.G., Robertshaw P.A., Counter D.E. (1985) Evidence of udder excretion of
Campylobacter-jejuni as the cause of milk-borne Campylobacter outbreak. Journal of
Hygiene 94:205-215.

74



69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Hutchinson D.N., Bolton F.J., Jelley W.C.N., Mathews W.G., Telford D.R., Counter
D.E., Jessop E.G., Horsley S.D. (1985) Campylobacter enteritis associated with
consumption of raw goat's milk. The Lancet 325:1037-1038.

Hutchinson R.I. (1964) Milk-borne outbreak of Salmonella heidelberg. British
Medical Journal 1:479-480.

Ikeda T., Tamate N., Yamaguchi K., Makino S.I. (2005) Quantitative analysis of
Staphylococcus aureus in skimmed milk powder by real-time PCR. Journal of
Veterinary Medical Science 67:1037-1041.

Jayarao B.M., Donaldson S.C., Straley B.A., Sawant A.A., Hegde N.V., Brown J.L.
(2006) A survey of foodborne pathogens in bulk tank milk and raw milk consumption
among farm families in Pennsylvania. Journal of Dairy Science 89:2451-2458.

Jennings G.J., Hajjeh R.A., Girgis F.Y., Fadeel M.A., Maksoud M.A., Wasfy M.O.,
Sayed N.E., Srikantiah P., Luby S.P., Earhart K., Mahoney F.J. (2007) Brucellosis as a
cause of acute febrile illness in Egypt. Transactions of the Royal Society of Tropical
Medicine and Hygiene 101:707-713.

Jones P.H., Willis A.T., Robinson D.A., Skirrow M.B., Josephs D.S. (1981)
Campylobacter enteritis associated with the consumption of free school milk. The
Journal of Hygiene 87:155-162.

Jorgensen H.J., Mathisen T., Levseth A., Omoe K., Qvale K.S., Loncarevic S. (2005)
An outbreak of staphylococcal food poisoning caused by enterotoxin H in mashed
potato made with raw milk. FEMS Microbiology Letters 252:267-272.

Kélman M., Szollosi E., Czermann B., Zimanyi M., Szekeres S., Kalman M. (2000)
Milkborne Campylobacter infection in Hungary. Journal of Food Protection 63:1426-
1429.

Keene W.E., Hedberg K., Herriott D.E., Hancock D.D., McKay R.W., Barrett T.J.,
Fleming D.W. (1997) Prolonged outbreak of Escherichia coli O157:H7 infections
caused by commercially distributed raw milk. Journal of Infectious Diseases 176:815-
818.

Keidan S., Lyons J., Mann B., Wilthew G.A. (1952) Tuberculosis survey in
schoolchildren in the Calder valley. British Medical Journal 1:1390-1392.

Kinloch J.P. (1923) The Aberdeen epidemic of milk-borne bacillary dysentery, March
to May, 1919. The Journal of Hygiene 21:451-457.

Knox W.A., Galbraith N.S., Lewis M.J., Hickie G.C., Johnston H.H. (1963) A milk-
borne outbreak of food poisoning due to Salmonella heidelberg. The Journal of
Hygiene 61:175-185.

Korlath J.A., Osterholm M.T., Judy L.A., Forfang J.C., Robinson R.A. (1985) A

point-source outbreak of campylobacteriosis associated with consumption of raw milk.
Journal of Infectious Diseases 152:592-596.

75



82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Kuusi M., Lahti E., Virolainen A., Hatakka M., Vuento R., Rantala L., Vuopio-
Varkila J., Seuna E., Karppelin M., Hakkinen M., Takkinen J., Gindonis V., Siponen
K., Huotari K. (2006) An outbreak of Streptococcus equi subspecies zooepidemicus
associated with consumption of fresh goat cheese. BMC Infectious Diseases
6:doi:10.1186/1471-2334-1186-1136.

Lee T.W.R., Sandoe J.A.T. (2001) Epiglottitis caused by group C Streptococcus. Acta
Paediatrica 90:1085-1085.

Lehner A., Schneck C., Feierl G., Pless P., Deutz A., Brandl E., Wagner M. (2000)
Epidemiologic application of pulsed-field gel electrophoresis to an outbreak of
Campylobacter jejuni in an Austrian youth centre. Epidemiology and Infection
125:13-16.

Lennox M., Harvey R.-W.S., Thomson S. (1954) An outbreak of food poisoning due to
Salmonella typhimurium with observations on the duration of infection. The Journal of
Hygiene 52:311-314.

Lind L., Reeser J., Stayman K., Deasy M., Moll M., Weltman A., Urdaneta V., Ostroff
S., Chirdon W., Campagnolo E., Chen T. (2007) Salmonella typhimurium infection

associated with raw milk and cheese consumption - Pennsylvania, 2007. Morbidity
and Mortality Weekly Report 56:1161-1164.

Liptakova A., Siegfried L., Rosocha J., Podracka L., Bogyiova E., Kotulova D. (2004)
A family outbreak of haemolytic uraemic syndrome and haemorrhagic colitis caused
by verocytotoxigenic Escherichia coli O157 from unpasteurised cow's milk in
Slovakia. Clinical Microbiology and Infection 10:576-578.

Lulu A.R., Araj G.F., Khateeb M.I., Mustafa M.Y., Yusuf A.R., Fenech F.F. (1988)
Human brucellosis in Kuwait - a prospective study of 400 cases. Quarterly Journal of
Medicine 66:39-54.

MacDonald K.L., Eidson M., Strohmeyer C., Levy M.E., Wells J.G., Puhr N.D.,
Wachsmuth K., Hargrett N.T., Cohen M.L. (1985) A multistate outbreak of
gastrointestinal illness caused by entero-toxigenic Escherichia-coli in imported
semisoft cheese. Journal of Infectious Diseases 151:716-720.

Makino S.I., Kawamoto K., Takeshi K., Okada Y., Yamasaki M., Yamamoto S., Igimi
S. (2005) An outbreak of food-borne listeriosis due to cheese in Japan, during 2001.
International Journal of Food Microbiology 104:189-196.

Marier R., Wells J.G., Swanson R.C., Callahan W., Mehlman 1.J. (1973) Outbreak of
enteropathogenic Escherichia-coli foodborne disease traced to imported French
cheese. Lancet 2:1376-1378.

Marmion B.P., Stoker M.G.P. (1958) The epidemiology of Q fever in Great Britain.
An analysis of the findings and some conclusions. British Medical Journal 2:809-816.

76



93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Martin M.L., Shipman L.D., Potter M.E., Wachsmuth [.K., Wells J.G., Hedberg K.,
Tauxe R.V., Davis J.P., Arnoldi J., Tilleli J. (1986) Isolation of Escherichia coli
O157:H7 from dairy cattle associated with two cases of Haemolytic Uraemic
Syndrome. Lancet 2:1043-1043.

Mateus A., Taylor D.J., Brown D., Mellor D.J., Bexiga R., Ellis K. (2008) Looking for
the unusual suspects: A Salmonella dublin outbreak investigation. Public Health In
Press, Corrected Proof:doi:10.1016/j.puhe.2008.1002.1007.

McCall A.M. (1953) An explosive outbreak of food-poisoning caused by Salmonella
dublin. Lancet 264:1302-1304.

McNaughton R.D., Leyland R., Mueller L. (1982) Outbreak of Campylobacter
enteritis due to consumption of raw-milk. Canadian Medical Association Journal
126:657-658.

Memish Z.A., Venkatesh S. (2001) Brucellar epididymo-orchitis in Saudi Arabia: A
retrospective study of 26 cases and review of the literature. Bju International 88:72-
76.

Mpller Nielsen E., Jensen C., Lau Baggesen D. (2005) Evidence of transmission of
verocytotoxin-producing Escherichia coli O111 from a cattle stable to a child. Clinical
Microbiology and Infection 11:767-770.

Morgan G., Chadwick P., Lander K.P., Gill K.P.W. (1985) Campylobacter jejuni
mastitis in a cow: A zoonosis-related incident. Veterinary Record 116:111-111.

Mousa A.R.M., Elhag K.M., Khogali M., Marafie A.A. (1988) The nature of human
brucellosis in Kuwait: Study of 379 cases. Reviews of Infectious Diseases 10:211-217.

Mousa A.R.M., Koshy T.S., Araj G.F., Marafie A.A., Muhtaseb S.A., Almudallal
D.S., Busharetulla M.S. (1986) Brucella meningitis - presentation, diagnosis and
treatment - a prospective study of 10 cases. Quarterly Journal of Medicine 60:873-
885.

O’Brien S. (2000) Outbreaks of VTEC O157 infection linked to consumption of
unpasteurised milk. Euro Surveillance 4:Accessed on 02 Aug 08,
http://www.eurosurveillance.org/ViewArticle.aspx?Articleld=1590.

Oh M.H.L., Howe H.S., Boey M.L. (1992) Co-existing Listeria and pneumococcal
infection in a chronic alcoholic. Journal of the Royal Society of Medicine 85:362-362.

Oloya J., Opuda-Asibo J., Kazwala R., Demelash A.B., Skjerve E., Lund A., Johansen
T.B., Djonne B. (2007) Mycobacteria causing human cervical lymphadenitis in
pastoral communities in the Karamoja region of Uganda. Epidemiology and Infection
136:636-643.

Orr K.E., Lightfoot N.F., Sisson P.R., Harkis B.A., Tweddle J.L., Boyd P., Carroll A.,
Jackson C.J., Wareing D.R.A., Freeman R. (1995) Direct milk excretion of
Campylobacter jejuni in a dairy cow causing cases of human enteritis. Epidemiology
and Infection 114:15-24.

77



106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

Pande T.K., Hiran S., Rao V.V.B., Pani S., Vishwanathan K.A. (1995) Primary lingual
tuberculosis caused by M. bovis infection. Oral Surgery, Oral Medicine, Oral
Pathology, Oral Radiology, and Endodontology 80:172-174.

Parry W.H. (1962) A milk-borne outbreak due to Salmonella typhimurium.
Lancet:475-477.

Pereira M.L., DoCarmo L.S., dosSantos E.J., Pereira J.L., Bergdoll M.S. (1996)
Enterotoxin H in staphylococcal food poisoning. Journal of Food Protection 59:559-
561.

Poole P.M. (1969) The occurrence of Coxiella burnetii in north-western England and
North Wales. The Journal of Hygiene 67:125-133.

Porter I.A., Reid T.M.S. (1980) A milk-borne outbreak of Campylobacter infection.
The Journal of Hygiene 84:415-419.

Price J., Carter H.R. (1967) An outbreak of gastroenteritis caused by Salmonella
indiana. Public Health Reports 82:551-554.

Public Health Agency (PHA) (1995) Brucellosis associated with unpasteurised milk
products abroad. Communicable Disease Report 5:Accessed on 08 Aug 08,
http://www.hpa.org.uk/cdr/archives/1995/cdr3295.pdf.

Public Health Agency (PHA) (2000) Outbreaks of VTEC O157 infection linked to
consumption of unpasteurised milk. Communicable Disease Report 10: Accessed on
08 Aug 08, http://www.hpa.org.uk/cdr/archives/2000/cdr2300.pdf.

Public Health Agency of Canada (PHAC) (2000) Caprine-associated Q fever in
Newfoundland. Canada Communicable Disease Report 26:Accessed on 08 Aug 08,
http://www.phac-aspc.gc.ca/publicat/ccdr-rmtc/00vol26/dr2603ea.html.

Public Health Agency of Canada (PHAC) (2002) Escherichia coli O157 outbreak
associated with the ingestion of unpasteurized goat's milk in British Columbia, 2001.
Canada Communicable Disease Report 28.

Public Health Agency of Canada (PHAC) (2003) First documented outbreak of
Listeria monocytoges in Quebec, 2002 Canada Communicable Disease Report 29:
Accessed on 08 Aug 08, http://www.phac-aspc.gc.ca/publicat/ccdr-
rmtc/03vol29/dr2921ea.html.

Public Health Laboratory Service (1998) Cases of Escherichia coli O157 infection
associated with unpasteurised cream in England. Euro Surveillance 2: Accessed on 02
Aug 08, http://www.eurosurveillance.org/ViewArticle.aspx?Articleld=1138.

Public Health Laboratory Service (1998) Defective pasteurisation linked to outbreak
of Salmonella typhimurium definitive phage type 104 infection in Lancashire.
Communicable  Disease  Report  8:Accessed on 18  Aug 2008,
http://www.hpa.org.uk/CDR/archives/1998/cdr3898.pdf.

78



119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

Public Health Laboratory Service (1984) Disease associated with milk and dairy
products: 1982. British Medical Journal 288:466-467.

Public Health Laboratory Service (1976) E. coli gastroenteritis from food. British
Medical Journal 1:911.

Ramos J.M., Bernal E., Esguevillas T., Lopez-Garcia P., Gaztambide M.S., Gutierrez
F. (2008) Non-imported brucellosis outbreak from unpasteurized raw milk in
Moroccan immigrants in Spain. Epidemiology and Infection:Published online by
Cambridge University Press 21 Jan 2008 doi:2010.1017/50950268807000210.

Reilly W.J., Sharp J.C.M., Forbes G.I., Paterson G.M. (1983) Milkborne salmonellosis
in Scotland 1980 to 1982. Veterinary Record 112:578-580.

Riemann H.P., Meyer M.E., Theis J.H., Kelso G., Behymer D.E. (1975)
Toxoplasmosis in an infant fed unpasteurized goat milk. Journal of Pediatrics 87:573-
576.

Robinson D.A. (1981) Infective dose of Campylobacter jejuni in milk. British Medical
Journal 282:1584.

Robinson D.A., Edgar W.J., Gibson G.L., Matchett A.A., Robertson L. (1979)
Campylobacter enteritis associated with consumption of un-pasteurized milk. British
Medical Journal 1:1171-1173.

Sabbaghian H., Nadim A. (1974) Epidemiology of human brucellosis in Isfahan, Iran.
The Journal of Hygiene 73:221-228.

Sacks J.J., Roberto R.R., Brooks N.F. (1982) Toxoplasmosis infection associated with
raw goat's milk. Jama-Journal of the American Medical Association 248:1728-1732.

Schildt M., Savolainen S., Hinninen M.-L. (2005) Long-lasting Campylobacter jejuni
contamination of milk associated with gastrointestinal illness in a farming family.
Epidemiology and Infection 134:401-405.

Schneider J. (2008) Escherichia coli 0157:H7 infections in children associated with
raw milk and raw colostrum from cows - California, 2006. Morbidity and Mortality
Weekly Report 57:625-628.

Sharda D.C., Lubani M. (1986) A study of brucellosis in childhood. Clinical
Pediatrics 25:492-495.

Sharp J.C.M., Paterson G.M., Forbes G.I. (1980) Milk-borne salmonellosis in
Scotland. Journal of Infection 2:333-340.

Simedo do Carmo L., Dias R.S., Linardi V.R., José de Sena M., Aparecida dos Santos
D., Eduardo de Faria M., Pena E.C., Jett M., Heneine L.G. (2002) Food poisoning due
to enterotoxigenic strains of Staphylococcus present in Minas cheese and raw milk in
Brazil. Food Microbiology 19:9-14.

79



133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

Skinner L.J., Timperley A.C., Wightman D., Chatterton J.JM.W., Hoyen D.O. (1990)
Simultaneous diagnosis of Toxoplasmosis in goats and goat owner's family.
Scandinavian Journal of Infectious Diseases 22:359-361.

Small R.G., Sharp J.C.M. (1979) A milk-borne outbreak due to Salmonella dublin.
The Journal of Hygiene 82:95-100.

Steele J.H., Hastings J.W. (1948) Report of brucellosis outbreak at Federalsburg,
Maryland. Public Health Reports 63:144-145.

Street L., Grant W.W., Alva J.D. (1975) Brucellosis in childhood. Pediatrics 55:416-
421.

Tacket C.O., Dominguez L.B., Fisher H.J., Cohen M.L. (1985) An outbreak of
multiple-drug-resistant Salmonella enteritis from raw milk. Jama-Journal of the
American Medical Association 253:2058-2060.

Talbot J.C., Wauchob D.W., Robertson L., I.D. F. (1967) A milk-borne outbreak of
food poisoning: Due to Salmonella paratyphi B. var. java. Public Health 81:191-197.
Taylor D. (1954) Food poisoning outbreaks in an institution. New Zealand Medical
Journal 53:137-141.

Tettmar R.E., Thornton E.J. (1981) An outbreak of Campylobacter enteritis affecting
an operational Royal Air Force unit. Public Health 95:69-73.

Tissot Dupont H., Raoult D., Brouqui P. (1992) Epidemiologic features and clinical
presentation of acute Q fever in hospitalized patients: 323 French cases. American
Journal of Medicine 93:427-434.

Tobiesen F., Jensen K.A., Lassen H.C.A. (1935) Bovine pulmonary tuberculosis in
man - twenty-six cases from Copenhagen. Tubercle 16:385-396.

Torre D., Sampietro C., Fiori G.P., Luzzaro F. (1990) Necrotizing pneumonitis and
empyema caused by Streptococcus cremoris from milk. Scandinavian Journal of
Infectious Diseases 22:221-222.

Tucker C.B., Cameron G.M., Henderson M.P., Beyer M.R. (1946) Salmonella
typhimurium food infection from Colby cheese. Jama-Journal of the American
Medical Association 131:1119-1120.

Tylewska-Wierzbanowska S., Rumin W., Lewkowicz H., Sikorski S. (1991) Epidemic
of Q Fever in Leszno District in Poland. European Journal of Epidemiology 7:307-
3009.

Vogt R.L., Donnelly C., Gellin B., Bibb W., Swaminathan B. (1990) Linking
environmental and human strains of Listeria monocytogenes with isoenzyme and

ribosomal RNA typing. European Journal of Epidemiology 6:229-230.

Vogt R.L., Hakey A., Allen J. (1981) Salmonella enteritidis serotype derby and
consumption of raw milk. Journal of Infectious Diseases 144:608.

80



148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

Vogt T., Hasler P. (1999) A woman with panic attacks and double vision who liked
cheese. The Lancet 354:300.

Wallace J.M. (1980) Milk-associated Campylobacter infection. Health Bulletin, UK
38:57-61.

Wallach J.C., Miguel S.E., Baldi P.C., Guarnera E., Goldbaum F.A., Fossati C.A.
(1994) Urban outbreak of a Brucella melitensis infection in an Argentine family:
Clinical and diagnostic aspects. FEMS Immunology and Medical Microbiology 8:49-
56.

Warner D.P., Bryner JH., Beran G.W. (1986) Epidemiologic study of
campylobacteriosis in Iowa cattle and the possible role of unpasteurized milk as a
vehicle of infection. American Journal of Veterinary Research 47:254-258.

Werner S.B., Humphrey G.L., Kamei 1. (1979) Association between raw-milk and
human Salmonella-dublin infection. British Medical Journal 2:238-241.

Winters A., Driver C., Macaraig M., Clark C., Munsiff S.S., Pichardo C., Driscoll J.,
Salfinger M., Kreiswirth B., Jereb J., LoBue P., Lynch M. (2005) Human tuberculosis
caused by Mycobacterium bovis - New York City, 2001-2004. Morbidity and
Mortality Weekly Report 54:605-608.

Wood R.C., Macdonald K.L., Osterholm M.T. (1992) Campylobacter enteritis
outbreaks associated with drinking raw milk during youth activities - a 10-year review
of outbreaks in the United States. Jama-Journal of the American Medical Association
268:3228-3230.

Wynne H.A., Lancaster R. (1985) Brucellosis as a rare cause of spondylitis. Journal of
the Royal Society of Medicine 78:161-162.

Young E.J. (1975) Brucellosis outbreak attributed to ingestion of unpasteurized goat
cheese - clinical features. Archives of Internal Medicine 135:240-243.

Zaks N., Sukenik S., Alkan M., Flusser D., Neumann L., Buskila D. (1995)
Musculoskeletal manifestations of brucellosis: A study of 90 cases in Israel. Seminars
in Arthritis and Rheumatism 25:97-102.

Zwanenberg D.F.V., Sxewart C.J., Harding K.M., Gray S.T.G. (1956) Sources of

tuberculosis infection in an area containing bovine tuberculosis. British Medical
Journal 1:1464-1466.

81



82



Appendix V: Bibliography of review articles

83



10.

11.

12.

13.

14.

15.

Aitken 1.D. (1987) Q fever in the United Kingdom and Ireland. Zentralblatt fur
Bakteriologie Mikrobiologie und Hygiene Series A - Medical Microbiology Infectious
Diseases Virology Parasitology 267:37-41.

Altekruse S.F., Timbo B.B., Mowbray J.C., Bean N.H., Potter M.E. (1998) Cheese-
associated outbreaks of human illness in the United States, 1973 to 1992: Sanitary
manufacturing practices protect consumers. Journal of Food Protection 61:1405-1407.

Barrell R.A.E. (1987) Isolations of salmonellas from humans and foods in the
Manchester Area: 1981-1985. Epidemiology and Infection 98:277-284.

Barrett N.J. (1986) Communicable disease associated with milk and dairy-products in
England and Wales - 1983 -1984. Journal of Infection 12:265-272.

Barza M. (1985) Listeriosis and milk. New England Journal of Medicine 312:438-440.

Bryan F.L. (1983) Epidemiology of milk-borne diseases. Journal of Food Protection
46:637-649.

De Buyser M.-L., Dufour B., Maire M., Lafarge V. (2001) Implication of milk and
milk products in food-borne diseases in France and in different industrialised
countries. International Journal of Food Microbiology 67:1-17.

de la Rua-Domenech R. (2006) Human Mycobacterium bovis infection in the United
Kingdom: Incidence, risks, control measures and review of the zoonotic aspects of
bovine tuberculosis. Tuberculosis 86:77-109.

DiMaio H. (2000) Listeria infection in women. Primary Care Update for OB/GYNS
7:40-45.

Edwards P.R. (1956) Salmonella and salmonellosis. Annals of the New York Academy
of Sciences 66:44-53.

El-Gazzar F.E., Marth E.H. (1992) Salmonellae, salmonellosis, and dairy foods - a
review. Journal of Dairy Science 75:2327-2343.

Eyles M. (1992) Raw-milk cheese: The issues. Australian Journal of Dairy
Technology 47:102-105.

Fabian F.W. (1947) Cheese and its relation to disease. American Journal of Public
Health 37:987-996.

Galbraith N.S., Forbes P., Clifford C. (1982) Communicable disease associated with
milk and dairy-products in England and Wales 1951-80. British Medical Journal
284:1761-1765.

Gray M.L., Killinger A.H. (1966) Listeria monocytogenes and listeric infections.
Microbiology and Molecular Biology Reviews 30:309-382.

84



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Griffin P.M., Tauxe R.V. (1991) The epidemiology of infections caused by
Escherichia coli O157:H7, other enterohemorrhagic E. coli, and the associated
Hemolytic Uremic Syndrome. Epidemiologic Reviews 13:60-98.

Joseph C., Noah N., White J., Hoskins T. (1990) A review of outbreaks of infectious
disease in schools in England and Wales 1979-88. Epidemiology and Infection
105:419-434.

Leedom J.M. (2006) Milk of nonhuman origin and infectious diseases in humans.
Clinical Infectious Diseases 43:610-615.

Magoffin R.L., Kabler P., Spink W.W., Fleming D. (1949) An epidemiologic study of
brucellosis in Minnesota. Public Health Reports 64:1021-1043.

Marth E.H. (1969) Salmonellae and salmonellosis associated with milk and milk
products. A review. Journal of Dairy Science 52:283-315.

Ooi S.T., Lorber B. (2005) Gastroenteritis due to Listeria monocytogenes. Clinical
Infectious Diseases 40:1327-1332.

Parry W.H. (1966) Milk-borne diseases - an epidemiological review. Lancet 2:216-
219.

Potter M.E., Kaufmann A.F., Blake P.A., Feldman R.A. (1984) Unpasteurized milk -
the hazards of a health fetish. Jama-Journal of the American Medical Association
252:2048-2052.

Pritchard D.G. (1988) A century of bovine tuberculosis 1888-1988: Conquest and
controversy. Journal of Comparative Pathology 99:357-399.

Robinson D.A., Jones D.M. (1981) Milk-borne Campylobacter infection. British
Medical Journal 282:1374-1376.

Savage W. (1949) Milk-borne infections in Great Britain. British Journal of Social
Medicine 3:45-55.

Sharp J.C.M. (1987) Infections associated with milk and dairy-products in Europe and
North-America, 1980-85. Bulletin of the World Health Organization 65:397-406.

Sharp J.C.M. (1989) Milk-borne infection. Journal of Medical Microbiology 29:239-
242.

Sharp J.C.M., Paterson G.M., Barrett N.J. (1985) Pasteurisation and the control of
milkborne infection in Britain. British Medical Journal 291:463-464.

Sockett P.N. (1991) Communicable disease associated with milk and dairy products:

England and Wales 1987-1989. Communicable Disease Review 1: Accessed on 08
Aug 08, http://www.hpa.org.uk/CDR/archives/CDRreview/1991/cdrr0191.pdf.

85



86



Appendix VI. Workshop report

87



Workshop on systematic review of the human disease
evidence associated with the consumption of raw milk

and raw milk cheeses

Thursday, 3" July 2008, IVABS meeting room, Massey University, Palmerston North

Workshop report prepared by Patricia Jaros and Naomi Cogger

Report submitted on 10 July 2008

88



Aim

Detailed scoping of the systematic review

Participants

NZFSA Public Health Unit Fonterra
Donald Campbell Jill McKenzie Lindsay Pearce
Dianne Schumacher

Sally Hasell

Massey/IVABS EpiCentre

Steve Flint Naomi Cogger

Patricia Jaros

Introduction

NZFSA - Overview of project

Previous literature reviews have described the literature relating the risk to consumers from
the consumption of raw milk and raw milk cheeses. However, none of these have evaluated
the quality of the information that is there in a ‘systematic review’ of the subject matter.
Therefore, there is a need to conduct such a review. The current project will conduct a
systematic literature review of the risk to human consumers. The review will be used as a
reference (or basis) documentation for development of ‘Standards’ and potential policies
permitting commercial sale and/or importation of raw milk and raw milk cheeses and for

further risk analyses.

Massey University - Overview of approach

Project personnel proposed conducting a literature search and critical evaluation of the
available data (= a systematic review evaluating internal and external validity). In addition,
the project will determine if the data are of sufficient quality to warrant a meta-analysis.

However, a meta-analysis will NOT be conducted as part of this contract.
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Products to be considered in the review

The literature searching should focus on publications with food safety aspects and distinguish
between raw milk, raw milk products (e.g. Mexican cheeses, Roquefort), and untreated by-
products of raw milk (e.g. cream, raw milk butter, fermented products, yoghurt, butter milk,
whey — excluding ice cream) as possible causes of human diseases; study quality and data are
to be assessed critically. It is assumed the majority of articles/studies are presented as
outbreak investigations or case descriptions — rarely as observational studies (e.g. cohort,

cross-sectional, or case-control studies).

Pathogens — Human diseases to be considered in the review
Literature reporting human disease incidences associated with the consumption of raw milk

and raw milk cheeses of bovine, goat, sheep, and buffalo origin are the main focus of this

review. Major pathogens and related diseases to be considered are:

- Campylobacter spp.

- Salmonella serovars

- E.coli spp.

- Listeria monocytogenes
- Tuberculosis (M.bovis)
- Bacillus cereus

- Brucella spp.

- Streptococcus spp.

- Yersinia spp.

- Staphylococcus aureus
- Shigella

- Toxoplasma

- Q fever (Coxiella burnetti)

Keywords for database search
Following keywords are suggested to be included in electronic database searches: diseas*13,

zoonos*. epidemi*, public health, food borne illness, food poisoning, infect*, outbreak/case-

control/cohort, death, fatality, mortality, morbidity, abortion (clinical description),

miscarriage (clinical description), pathogen’s name, (drinking) milk, dairy milk, bovine milk

cheese*. raw, unprocessed, untreated, unpasteur®, species (goat, sheep, dairy, buffalo).

13 diseas* will find records containing any of the words beginning with diseas (e.g. disease, diseases). The

asterisk can be used with any search term.
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Sources of information

Electronic article databases Web of Knowledge (cross-searching of Web of Science, CAB
Abstracts, Current Contents, AGRICOLA, and PubMed), ScienceDirect, PubMed (via
Medline) will be searched for publications relating to the review. Project personnel will also
search Google Scholar, websites of food safety authorities of the UK, USA, Canada, Ireland,
Australia, the European Union; and websites of public health and food agencies of Denmark
and the Netherlands for related reports. Articles will only be included if they have an English
language abstract or summary. Should the information in the summary suggest the paper may
be valuable, project personnel may request a copy of the paper and have seek to have it
translated. Within the EpiCentre we could translate papers written in French, German,
Spanish, Thai, Chinese, Russian, and Czech. The group also noted that where accessible,

University libraries should be searched for Master and PhD theses relating to the topic.

Newspaper articles or stories published on the web will NOT be considered in the systematic

review.

The group also agreed to send any information that may be relevant to Patricia Jaros.

Ranking criteria of literature

Retrieved literature will be ranked according to its relevance. The group determined that the

following should be included in the criteria:

- Countries equivalence to NZ
For example studies/data from countries non-equivalent to New Zealand such as

developing countries with poor health status, or ancient data should be ranked as ‘low’.

- Year of incidence
- Type of study (outbreak = descriptive study, case report)

Draft/Final Report

Early September 2008, the draft report written in technical language is sent to Donald
Campbell first, and then forwarded to Sally Hasell and Dianne Schumacher (‘Standard’ Group
of NZFSA) for final adjustments. The final report of this systematic review is expected end

of September 2008. The report (or paragraphs of it) will then be put on the NZFSA website.
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The ‘Standard’ Group of NZFSA will present the outcome of the project in a meeting end of
September/early October 2008 inviting all participants of this workshop.

Action items
NZFSA person (Dianne Schumacher) to send documentation about categories of dairy

products (categories 1 to 3) to Patricia Jaros.

All other people present to send any information that could be relevant to Patricia Jaros.
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