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Objective Determine the prevalence of the major enteric patho-
gens in dairy and dairy beef calves with diarrhoea in Australia.

Design Cross-sectional study.

Methods Faecal samples from 84 Australian dairy and dairy beef
properties (597 samples) were screened for rotavirus and coronavi-
rus using real-time reverse transcription polymerase chain reaction,
for Salmonella spp. using selective enrichment faecal culture, and for
enterotoxigenic Escherichia coli (K99) and Cryptosporidium parvum
using a commercial enzyme-linked immunosorbent assay. A logistic
regression with random effects model was used to compare preva-
lence of pathogens in dairy and dairy beef operations.

Results Enteric pathogens were isolated from 97.6% of outbreaks
and 95.0% of samples. Rotavirus was the most common pathogen
identified (477/597,79.9%) followed by C. parvum (349/597, 58.5%),
Salmonella spp. (142/597, 23.8%), coronavirus (129/597, 21.6%) and
E. coli K99 (104/597, 17.4%). Multiple pathogens were identified on
96.4% of farms and from 71.0% of samples. Samples from dairy beef
properties were more likely to have multiple pathogens than dairy
properties (P < 0.05), whereas rotavirus and Salmonella spp. were
more likely to be identified in samples collected from dairy beef
than dairy properties (P < 0.05).

Conclusion Most outbreaks of calf diarrhoea in dairy and dairy
beef operations involve multiple pathogens. Rotavirus and
C. parvum were the most frequently identified pathogens across
production systems. Salmonella spp. and rotavirus were more fre-
quently identified in dairy beef operations.
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and mortality in neonatal dairy calves throughout the world.!

Calves are at greatest risk of developing diarrhoea within the first
month of life and the incidence of diarrhoea decreases with age.>
Disease results from the interaction of a number of variables, includ-
ing pathogen, animal (immunological and nutritional status), envi-
ronmental and management factors. Significant costs arise from
neonatal diarrhoea, including treatment, diagnostics, labour, veteri-
nary intervention and decreased number of herd replacements.*

I nfectious diarrhoea is the most significant cause of morbidity
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There have been many prevalence studies worldwide to determine the
major enteric pathogens associated with diarrhoea in dairy calves."*™!!
In Australia, there are only a few small-scale studies of individual
pathogens'*™" and currently there are no published large-scale surveys
of the causative agents of neonatal diarrhoea across the Australian
dairy industry.

The pathogens most commonly incriminated in neonatal calf scours
include viral (rotavirus and coronavirus), protozoal (Cryptosporidium
parvum) and bacterial pathogens (enterotoxigenic Escherichia coli
K99 and Salmonella spp.).*”® The detection of these pathogens does
not prove causality, as all of these pathogens have been identified in
both diarrhoeic and normal calves.”*'*'” Identification of the possible
causative agent in outbreaks of diarrhoea is important because it
allows targeted preventative measures, such as vaccination, and iden-
tification of possible risk factors or sources of infection.

The aim of this study was to identify the prevalence of rotavirus,
coronavirus, C. parvum, E. coli K99 and Salmonella spp. in outbreaks
of diarrhoea in dairy and dairy beef calves aged less than 6 weeks in
the main dairy regions of Australia.

Materials and methods

Sample collection

Herd and sample selection. Between May 2007 and September
2008, faecal samples were collected from outbreaks of diarrhoea in
dairy and dairy beef calves aged less than 6 weeks. Herds with a
minimum of 100 milking cows or rearing a minimum of 15 calves per
batch were included in the study. An outbreak of diarrhoea was
defined as a minimum of 5% morbidity with calves exhibiting signs of
systemic disease (e.g. poor appetite, dehydration, decreased mentation
and reduced suckle reflex) and had pasty-watery faeces. Herds were
selected on the basis of the client calling a veterinary practice seeking
assistance with an outbreak combined with practices actively advising
clients to contact them if an outbreak of diarrhoea occurred. Twelve
veterinary practices from the six states of Australia (New South Wales,
Queensland, South Australia, Tasmania, Victoria and Western Austra-
lia), with a large number of dairy herds serviced by the practice were
instructed on sample selection, sampling technique, storage and trans-
port protocols.

Practitioners were asked to collect 6-10 faecal samples from indi-
vidual calves from each outbreak. Signalment data were collected for
each calf sampled using a form designed for the purposes of this study.
Multiple sampling dates were permitted for smaller and year-round
operations where the minimum number of samples could not be
collected at one visit. Practitioners were requested to collect samples
from calves early in the course of the disease prior to the onset of
antimicrobial therapy. Approximately 25 mL of faecal material was
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collected from the rectum of calves by direct digital stimulation using
a disposable latex glove. Samples were placed into sterile containers
and refrigerated until shipping.

Samples were then transported on ice to the Livestock Veterinary
Teaching and Research Unit, University of Sydney, Camden by a
commercial courier. Faeces were stored at 4°C until the time of
processing. The subsequent processing of samples is described in
detail elsewhere.'

Pathogen detection

Bacteria and protozoa. Salmonella spp. were detected using selec-
tive enrichment faecal cultures. A sterile Dacron swab was used to
inoculate faecal material into 10 mL of mannitol selenite broth, which
was incubated overnight at 37°C. The swab was then streaked onto
xylose lactose deoxycholate agar and incubated overnight at 37°C.
Suspect colonies were subcultured on to blood agar plates and incu-
bated overnight at 37°C, then tested with a commercial salmonella
latex agglutination kit (Oxoid Salmonella Latex Test, Oxoid Ltd, Cam-
bridge, UK). Salmonella-suspect colonies underwent biochemical tests
(urease, triple sugar iron and O-nitriphenyl-B-D-galactopyranoside).
Salmonella spp. isolates were then streaked onto nutrient agar slopes
and submitted to the Institute of Medical and Veterinary Science,
Salmonella Reference Laboratory (Adelaide, SA, Australia) for final
confirmation and serotyping.

Faecal samples were screened for E. coli K99 and C. parvum using two
commercial benchtop kits for enzyme-linked immunosorbent assay
(ELISA; Pourquier® ELISA Calves Diarrhoea and Pourquier® ELISA
Cryptosporidium antigen, Institut Pourquier®, Montpellier, France).
The ELISA testing was performed according to the manufacturer’s
instructions. Briefly, 50 UL of dilution buffer and then 50 L of un-
diluted faeces were placed into an appropriate number of wells of a
microplate coated with the appropriate antibody. The plate was held at
room temperature (=25°C) for 30 min and then washed manually
with the supplied wash solution. A unique conjugate (one for each of
the pathogens) was then added to separate wells for each sample and
held at room temperature for 30 min. Following a final wash, TMB
substrate was added to each well and held at room temperature for a
further 10 min. A stop solution (0.5 mol/L H,SO4) was added and the
absorbance read at 450 nm (Labsystems Multiscan Biochromatic, Lab-
systems, Basingstoke, UK). The absorbance was transformed, accord-
ing to the manufacturer’s recommendations, to calculate the sample to
positive (S/P) ratios. Samples with an S/P ratio <7% were deemed to be
positive in accordance with the manufacturer’s recommendations.

Viruses. The presence of rotavirus and coronavirus was determined
by real-time reverse transcription polymerase chain reaction (qRT-
PCR) assays as described elsewhere.'®

Data analysis

Data were managed in a Microsoft Access 2003 database (Microsoft
Corporation, Redmond, WA, USA) and descriptive statistics calcu-
lated using Microsoft Excel 2003, (Microsoft Corporation). Calves
were stratified into four age groups for analysis: 0-4 days old, 5-14
days old, 15-21 days old and >21 days old. The age categories were
selected based on the pathophysiology of some of the pathogens (i.e.
E. coli K99) and the age groups that have been used by previous
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authors.*” The age distributions of calves from dairy and dairy beef
properties were compared using chi square (STATA, Statacorp, TX,
USA). The majority of calves were in the 5-14-day-old age group
(69.4% for dairy and 89.5% for dairy beef). The number of calves in
the other age groups was unbalanced and sparse. Comparison of
pathogen prevalence and number of enteropathogens in dairy and
dairy beef operations in 5-14-day-old calves was performed using a
mixed effects logistic regression model with farm entered as a random
effect (STATA). All analyses used alpha = 0.05 for comparative
purposes.

Results

A total of 597 samples (540 and 57 from dairy and dairy beef calves,
respectively) were collected from 76 dairy and 8 dairy beef calf prop-
erties. Only one outbreak of diarrhoea was sampled on each proper-
ties. The median number of samples obtained per farm was 7, with an
interquartile range of 3.3, a minimum of 1 and maximum of 25.

Of the samples collected, 67% were from Victoria and New South
Wales. The breakdown of samples and properties by each of the states
is shown in Table 1. Rotavirus was identified in at least one sample on
each property in every state, except NSW where at least 90% of prop-
erty samples had at least one sample positive for rotavirus. The per-
centage of properties with at least one positive sample for each of the
pathogens is shown in Figure 1.

The age of affected calves was recorded for 561 of the 597 samples
(94.0%). The median age of the calves sampled was 10 days, with an
interquartile range of 7 days, a minimum of 6 h and maximum of 42
days. The majority of calves sampled on both dairy and dairy beef

Table 1. Number of properties and samples collected by Australian state

State No. of No. of Percentage of
properties samples total samples
Victoria 29 215 36.0
New South Wales 30 184 30.8
Tasmania 11 69 11.6
Western Australia 6 49 8.2
Queensland 4 59 9.9
South Australia 4 21 35
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Pathogen
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Figure 1. Percentage of properties in each state with at least one positive
sample for each of the enteropathogens.
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Table 2. Number and percentage of samples in each age category for
dairy and dairy beef calves

Age (days)  Total samples Dairy samples Dairy beef samples
0-4 1(12.6%) 67 (13.3%) 4 (7.0%)
5-14 401 (71.5%) 350 (69.4%) 1(89.5%)
15-21 55 (9.8%) 3(10.5%) 2 (3.5%)
>21 4 (6.0%) 34 (6.7%) 0(0.0%)
100%
90% -
80% -
» BRotavirus
S 70% BC. parvum
§ 60% 1 OSalmonella spp.
‘L_'S OCoronavirus
& 50%1 BE. coli K99
2 40% -
§ 30% -
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Figure 2. Percentage of samples (n = 597) positive for each enteropatho-
gen tested at dairy and dairy beef farms.
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Figure 3. Percentage of samples (n = 561) positive for each enteropatho-
gen by age group.

properties were aged 5-14 days (Table 2). The difference in the distri-
bution of ages between dairy and dairy beef sampled was statistically
significant (P < 0.05).

Enteric pathogens were isolated from 97.6% of outbreaks and 95.0% of
samples. Rotavirus was the most common pathogen identified (477/
597,79.9%) followed by C. parvum (349/597, 58.5%), Salmonella spp.
(142/597, 23.8%), coronavirus (129/597, 21.6%) and E. coli K99 (104/
597,17.4%). A breakdown of the pathogens identified in each system
is shown in Figure 2 and Table 3.

Rotavirus was the most common pathogen identified in each of the
four age groups of calves (Figure 3). Rotavirus and Salmonella spp.

© 2011 The Authors
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were more likely to be identified in samples collected from dairy beef
than dairy properties (P < 0.05, odds ratio 15.8 and 5.4, respectively),
but there was no statistically significant difference between dairy beef
and dairy properties in the occurrence of C. parvum, coronavirus or
E. coli K99 (P > 0.05) (Table 4).

Multiple pathogens were identified on 96.4% of farms and from 71.0%
of samples (Table 1). Samples from dairy beef properties were more
likely to have multiple pathogens (i.e. =2 pathogens) than dairy prop-
erties (P <0.05). The odds ratio for 2,3 and 4 pathogens was 6.7,3.4 and
6.9, respectively. Dual infections with rotavirus and C. parvum were the
most common combined infection occurring in 148 of 597 calves
(24.8%).

Discussion

We report the first large-scale, Australia-wide study of the prevalence
of major enteric pathogens of neonatal diarrhoea in dairy and dairy
beef calves. We have characterised the prevalence of the individual
pathogens in outbreaks of diarrhoea and demonstrate that the major-
ity of clinical cases are associated with simultaneous infection by
multiple pathogens.

The objective of the survey was to determine the prevalence of enteric
pathogens associated with outbreaks of diarrhoea. Protocols were
designed to increase the likelihood of detecting the primary pathogens
contributing to disease. For example, veterinarians were asked to
select samples from calves that were showing signs of systemic illness
with a duration of not more than 4 days. Isolation of causative agents
is increased when animals are sampled early in the disease course and
prior to the use of antibiotics that may lead to false negatives for
bacterial pathogens. Histopathological evidence demonstrating
pathology consistent with the enteropathogen isolated is desirable to
establish a causal association and requests for postmortem samples
from outbreaks were included in the instructions sent to practitioners.
However, the number of postmortem samples collected was very
small, possibly because of the extra time required to perform the
procedures, the cost and time involved in revisiting a property to
necropsy calves that died subsequent to the initial visit, the lack of
suitable samples and the reluctance of farm managers to euthanase
sick calves. Identification of an enteropathogen from the faeces of a
calf does not constitute a definitive aetiological diagnosis. Sampling a
group of affected calves provides more robust evidence when similar
pathogens are identified in multiple animals.

The prevalence of rotavirus identified in this survey is greater than has
been reported in the USA and Europe,"*>7811:1619
recent studies where the prevalence of C. parvum has been higher than
that of rotavirus.”® This discrepancy may in part reflect the limits of
detection of the diagnostic assays use for pathogen detection. qRT-
PCR detection for rotavirus has been shown to be both highly sensi-
tive and specific.’' Other studies have used less sensitive diagnostic
tests, such as ELISA and lateral flow immunochromatography,"**
greater prevalence is to be expected in the current study. An argument
against the use of qQRT-PCR for detection of enteropathogens is that
the low viral numbers that can be detected may not be significant.
However, this statement is not valid because in most field situations
the time of onset of diarrhoea is not known or detected, so the peak of

and contrasts with
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Table 3. Number of pathogens present in individual faecal samples and farms for each system

No. of Total samples Dairy samples Dairy beef samples Dairy farm? Dairy beef
pathogens (n=597) (n =540) (n=57) (n=76) farm (n = 8)
0 0 (5.0%) 30 (5.6%) 0 (0.0%) 2 (2.6%) 0 (0.0%)
1 143 (24 0%) 139 (25.7%) 4 (7.0%) 1(1.3%) 0 (0.0%)
2 253 (42.4%) 231(42.8%) 22 (38.6%) 1(14.5%) 1(12.5%)
3 133 (22 3%) 115(21.3%) 18 (31.6%) 30(39.5%) 1(12.5%)
4 7 (6.2%) 24 (4.4%) 13 (22.8%) 27 (35.5%) 3(37.5%)
5 1(0.2%) 1(0.2%) 0 (0.0%) 5 (6.6%) 3(37.5%)

®Farms were analysed as a separate entity to the samples. Figures represent the number of different pathogens present on each farm i.e. a farm with
two positive samples, each for a different organism, would be representative of a farm with two pathogens present.

Table 4. Logistic regression analysis of calves sampled in 5-14-day-old age category, using the odds ratios with dairy calves as the reference

Variable Odds ratio Minimum Maximum P value
Salmonella spp. 5.72 1.88 17.40 0.00
Rotavirus 27.56 1.88 404.57 0.02
Coronavirus 1.04 0.38 2.90 0.93
Cryptosporidium parvum 0.96 0.33 2.80 0.94
Eschirichia coli K99 1.03 0.27 4.02 0.96
2 pathogens 6.67 1.46 30.48 0.01
3 pathogens 337 0.66 17.20 0.14
4 pathogens 6.89 0.40 119.26 0.19

viral shedding may have already passed by the time of sampling. When
using qQRT-PCR the pathogen loads can be quantified and high loads
identified. In addition, the significance of identifying low viral
numbers in an individual sample can be increased by sampling mul-
tiple animals. The widespread nature of rotavirus was confirmed by
the identification of at least one positive sample in almost all the
properties sampled.

The prevalence of C. parvum in the faecal samples in this study is
consistent or higher than in other studies that report prevalence
ranging from 15% to 59%."*>711%22-2¢ The prevalence found in each of
those studies varies with regard to the target population and the diag-
nostic modality used, but in agreement with our current study, the peak
time for identification of C. parvum in calves is from 1 to 3 weeks of
age.”>”% Similar to previous studies,”®* the presence of C. parvum in
calves aged less than 4 days was notable, given the experimental and
natural pre-patent period of 2-7 days and 4-8 days, respectively.*>*
Numerous overseas studies have reported the protozoa to be highly
prevalent in dairy calves, with infection rates as high as 100% in some
herds.**'=* C. parvum was widespread and with more than 80% of
properties sampled having at least one positive calf, the prevalence is
comparable or higher than other herd prevalence data from overseas
surveys.***® The commercial ELISA kit used in this study has been
evaluated in a recent investigation of four diagnostic techniques and
was found to be sensitive (93.6%) and specific (95.9%) for detection of
C. parvum in diarrhoeic calves.”” Previous authors have noted that the
use of ELISA for detecting C. parvum is sufficient to detect clinical cases

Australian Veterinary Journal Volume 89, No 5, May 2011

where large amounts of oocysts are shed, but not appropriate for
detection of light infections where only a few oocysts are shed.”® Thus
animals shedding small numbers of oocysts may not have been
detected.

Salmonella spp. pose a significant animal and public health threat,”

with human salmonellosis often linked to consumption of animal-
derived food products.’ In this study, Salmonella spp. were isolated
from 23.8% of individual samples and from 25-75% of properties in
each state. The number of positive herds in this survey was less than that
found in a large-scale North American study of 110 dairy farms in
which Salmonella spp. were isolated on 90% of farms.*' The prevalence
established in our survey is comparable to or greater than that reported
in studies across Europe, America and New Zealand.*”'"1%>% The
higher incidence seen in our survey may have been related to the study
design as it is probable that farmers were more likely to involve private
practitioners in calf diarrhoea outbreaks if there was significant mor-
tality. Outbreaks of disease caused by Salmonella spp. (and also with
E. coli K99) often involve significant mortality compared with other
enteric pathogens.® Previous studies that included healthy animals in
the sample pool are likely to demonstrate a lower prevalence of Salmo-
nella spp., as many authors have noted that intestinal carriage of

Salmonella spp. is minimal in healthy calves.*¢

Enterotoxigenic E. coli (K99) causes diarrhoea in young calves and can
cause significant mortality as a result of marked dehydration and
electrolyte losses.”” The percentage of positive samples in this study is
comparable to overseas prevalence studies."*>”'** Identification of

© 2011 The Authors
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E. coli K99 in faeces and its capacity to cause disease has been shown
to be time dependent.**® As expected, 50% of calves infected with E.
coli K99 were less than 4 days old, which corresponds to the ability of
the pilus antigens to bind to the immature enterocytes.”” Other
authors have identified a potential, prolonged isolation of E. coli K99
with concurrent C. parvum or rotavirus infection (=14 days).*”>' The
surprising results in our study was the detection of E. coli K99 in a
large proportion of calves aged more than 21 days old. We are unable
to explain this finding from a pathophysiological standpoint. Perhaps
it is related to inaccuracies in the diagnostic test or to the transient
passage of coliforms in altered intestinal environments. According to
the manufacturer of the ELISA kit used in this study, the sensitivity
and specificity for the detection of E. coli K99 is 100% and 91.3%,
respectively, when compared with PCR. We were unable to find exter-
nal validation of the kit in the published literature.

Diarrhoea caused by coronavirus is typically more severe than rota-
viral diarrhoea because the former also invades the large intestine. The
prevalence of coronavirus observed in diarrhoeic calves in other
countries and in the current study is lower than for rotavirus.
However, the prevalence of coronavirus was, overall, relatively high
when compared with European and North American surveys.">"#

Identification of all five of the major calf scour enteropathogens for
which the diagnostic tests were used in samples from every state
emphasises the widespread dissemination of these organisms. Only
5% of samples did not have an identified pathogen.

Most of the prevalence surveys of enteropathogens in calves fail to
detect pathogens in 10-30% of faecal samples,"*”*" which is an
important source of frustration for clinicians trying to establish the
causative agent in order to identify control methods. The higher
pathogen detection achieved in this study likely reflects the use of the
qRT-PCR assay, which has a lower limit of detection than antigen
detection assays. The emphasis placed on collecting samples from
calves early in the disease course may have also facilitated pathogen
detection. In a recent review of diarrhoeic calf submissions to diag-
nostic laboratories in Australia, no pathogen was isolated from
25-52% of samples, and the higher failure to detect any pathogen was
mainly because of incomplete diagnostic testing, with only 17.2% of
samples (37/215) tested for all the major calf scour pathogens.” Such
results highlight the misunderstandings and errors in diagnosis that
often occur in the identification of enteropathogens in the field in the
absence of laboratory investigation. Underutilisation of diagnostic
laboratories likely reflects their policy of full cost recovery.

The majority of samples in this study contained mixed infections, with
two or more pathogens isolated. The percentage of calves with mixed
infections (71.0%) was higher than in previous reports (5-28%)."*”16
Previous surveys comparing diarrhoeic and healthy calves have shown
that mixed infections are more commonly detected in diarrhoeic ani-
mals,”** although this has still yet to be proven in controlled experi-
mental studies.*® The significant number of multiple infections
highlights the need for preventative measures to include generic as
well as pathogen-specific protection strategies.

Given the high incidences of rotavirus and Cryptosporidium, it was not
surprising that these pathogens were the most common combined
infection, a finding consistent with other studies.»*>'*!!

© 2011 The Authors
Australian Veterinary Journal © 2011 Australian Veterinary Association

PRODUCTION ANIMALS

Although the number of dairy beef properties sampled was relatively
small, the number of calves raised in these facilities is proportionally
higher than in most dairy operations. Dairy beef operations grow and
finish dairy/dairy-cross steers and heifers for the domestic and export
beef market. The dairy beef property is very different from a dairy
farm, with calves coming from multiple sources, thus providing
opportunities for a diversity of pathogens to be introduced. This situ-
ation was reflected by the significantly greater proportion of dairy beef
samples from which multiple pathogens were isolated. The logistic
regression performed to investigate the pathogen profile of dairy and
dairy beef operations was limited to the age group that accounted for
nearly 90% of the dairy beef sample submissions (i.e. 5-14 days),
because the data for the other age groups was sparse and unbalanced.
It would have been ideal to have more animals in the different age
groups so that age and system could be evaluated in the same model.
The age distribution of calves in dairy beef operations is inherently
slightly different to dairy operations because of the restrictions in
Australia on the transport of calves aged less than 4 days.

There are a number of reasons for the increased probability of iden-
tifying rotavirus or Salmonella in dairy beef samples. Dairy bull calves
are an unwanted byproduct of current dairy production systems, so
are less likely to receive colostrum and thus passive transfer of immu-
nity than the heifer calves that are retained as herd replacements.
Co-mingling of dairy beef calves during farm collection and transport
also provides more opportunity for mixed pathogen exposure and
stress may contribute to immunosuppression. Although rotavirus and
Salmonella are prevalent on a significant number of farms, there are
likely to be strain variations between farms. Thus, antibodies derived
from maternal colostrum may only be specific for strains on a par-
ticular property. In order to maximise the number of animals that pass
through dairy beef enterprises, there is a need for all available housing
to be maximally stocked, which can lead to failure of appropriate
disinfection between the removal of older calves and the introduction
of young ones, resulting in enteric pathogens being passed between
different groups of calves.

The results of this study provide valuable insight into the pathogens
associated with outbreaks of diarrhoea in dairy calves across Australia.
The prevalence of enteropathogens was comparable to or higher than
the prevalence reported overseas. Rotavirus and C. parvum were the
most prevalent enteropathogens identified in calves aged less than
6 weeks. Salmonella spp. and rotavirus were more likely to be isolated
from diarrhoeic calves from dairy beef rather than dairy operations.
Disease prevention and management is important from a calf and
public health perspective, because of the zoonotic potential of
Cryptosporidium and Salmonella spp.
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Robert Dixon

1951-2011

obert Dixon graduated

from the University of

Sydney in 1973 with a BSc
(Vet) degree on retrovirus
research, before completing his
BVSc degree in 1974. Both
degrees were awarded with
honours. He worked for the Aus-
tralian Department of Agriculture
and returned to the University of
Sydney Rural Veterinary Centre
(RVC) as a clinical pathologist
prior to his appointment in 1977
as a Cancer Research Fellow at
Massey University, New Zealand,
where he completed his PhD in
1980 on a study that examined
ovine lymphoma and retrovi-
ruses. He then worked as a Veterinary Investigation officer for the
NZ Ministry of Agriculture and Fisheries prior to his academic
appointment at the University of Sydney in 1983. He remained as a
lecturer, then senior lecturer, at the Camden campus of the Faculty
of Veterinary Science until his recent passing on 23 February 2011.

Robert was a country boy (Crookwell, NSW), an excellent student
and led a very full and productive life as a devoted family man,
successful scientist and university teacher. His specialty was veteri-
nary public health, developing and presenting courses on exotic
diseases and plant poisonings of animals, and more recently food
security, creating the ‘Virtual Abattoir’ to assist the Faculty meet
international veterinary school accreditation requirements. His
undergraduate lecture courses were meticulously prepared and pre-
sented, with high scores in student assessments. Robert also sup-
ported the work of the RVC diagnostic laboratory, and contributed
to practical class teaching in sheep and poultry medicine and animal
welfare. For many years he held the position of Sub-Dean Animal
Welfare, serving on the University’s Animal Ethics Committee.

Robert managed several successful research projects, particularly in
the study of pathogenic viruses of animals and humans. He and his
postgraduate students made important technical and intellectual
contributions to the work of an Australia-wide group working on
hepatitis B virus, using a duck virus as a model for human infection.
More recently, Robert initiated a successful project, Healthy Dogs
Healthy Communities, which has generated considerable interest
because it is addressing Indigenous health through control of
disease in the canine population. An adjunct to this program is

research examining the effect
of education on canine health
on public health. He was also
involved in establishing an animal
welfare curriculum at Shanxi Agri-
cultural University in mainland
China.

Robert was an amazing person,
impressing his many friends and
colleagues with his determina-
tion, passion, positive attitude
and sense of humour as he has
battled ill-health throughout his
life. He holds the distinguished
record as Australia’s longest
survivor of cystic fibrosis (CF),
complicated by double lung
transplantation, diabetes, osteo-
porosis and more recently, pancreatic cancer. His sheer determina-
tion, fortitude and commitment to remain an active professional
throughout is remarkable. The following is paraphrased from the
final words that Robert wrote, “Living with CF is a challenge at the
best of times, but with the right information, support and attitude |
believe anything is possible. In my years of experience, | have found
that there are three vital aspects to living a healthier, happier life
with CF: be informed (educate yourself to know your disease); be
compliant (follow treatment regimes despite their being over-
whelming); and be positive (essential for healing, set goals and live
life to the fullest). The last point is best captured by the two mottos
I live my life by: Nulla Die Sine Linea (never a day without achieving
a goal) and Carpe Diem (seize the day).”

Robert achieved his goal of enjoying his 60th birthday but unfor-
tunately was not able to attend a retirement dinner to hear how
much he was appreciated directly from his colleagues and then to
enjoy more time with his family and other interests in his retire-
ment. As a testament to the widespread affection, admiration and
respect in which he was held, a very large turnout of family, friends
and university staff attended his memorial service at the Earlwood
Salvation Army Headquarters on February 28th. Robert is survived
by his loving and extremely supportive wife Roselyn, his two sons,
Jason and Justin, and his parents, Majors Arthur and Helen Dixon.
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