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Foreword
Australia is home to the largest feral camel population in the world, estimated at up to one million
head. Although classified as a pest animal, feral camels represent a rich resource for the emerging
Australian camel products industry. Knowledge of the pregnancy status of wild caught camels has
previously been difficult to obtain, meaning producers buying camels have great inefficiency in their
ability to acquire suitable stock. AgriFutures Australia has identified the camel industry as an
emerging industry with high potential to reach $10 million per annum in the next five years, a core
driver of the AgriFutures Emerging Industries Program.
This project describes the development and validation of a simple blood test for pregnancy that can be
performed safely, efficiently, and reliably at the point of capture. A simple method for obtaining
blood from the jugular or facial vein of a camel and then analysing the serum or plasma for
progesterone levels using a portable immunoassay analyser (miniVIDAS®) is described. Pregnancy
detection was confirmed by transrectal ultrasound.
This report is primarily targeted at veterinarians that work in regional areas of Australia that are likely
to encounter camels in their business, either directly or through cattle producer clients. The second
target audience are camel producers, the end beneficiary of this research. The development of a
method for pregnancy detection that can be applied at the point of capture of feral camels is a
significant breakthrough for improving the efficiency of this emerging industry. This method creates
the potential for buyers to confidently obtain camels with the desired pregnancy status.
Camel dairies can now confidently purchase animals that can be efficiently managed. Camel sellers
now have a means of providing some market assurance to buyers on the pregnancy status of wild
camels, with the likelihood of this leading to premium sale prices. This also reduces the high costs of
transporting unsuitable camels to their destination farm. Consequently, camel producers (dairy and
meat industries) now have a tool upon which to more efficiently select animals based on pregnancy
status to suit their particular needs.
Veterinarians now have detailed technical data to support the use of serum progesterone measurement
to determine pregnancy status in feral camels. The industry now has a cheap, rapid, reliable and safe
tool for pregnancy determination in camels.
This report has been produced as part of AgriFutures Australia’s Emerging Industries Program. It is
an addition to AgriFutures Australia’s diverse range of over 2000 research publications and forms part
of Arena 4 which focuses on new industries with high growth potential. Emerging animal and plant
industries play an important part in the Australian agricultural landscape, they contribute to the
national economy and they will be key to meeting changing global food demands.
Most of AgriFutures Australia’s publications are available for viewing, free downloading or
purchasing online at: www.agrifutures.com.au.

Michael Beer
General Manager, Business Development
AgriFutures Australia

iii

About the Authors
Dr Andrew Padula BVSc(Hons) PhD MACVSc Dip ECAR
Andrew is a veterinary graduate with a PhD in cattle reproduction, European veterinary specialist in
ruminant reproduction and has published numerous scientific papers in international journals. He is
experienced in making research projects work and getting outcomes that are meaningful for industry.
As a veterinarian with over 25 years’ experience in industry, academia and research he is able to
provide sound guidance to the emerging Australian camel industry on investment and management of
research. Andrew has been actively involved in research and development for over two decades and is
an honorary senior research fellow in the Department of Pharmacology and Therapeutics at the
University of Melbourne. Andrew currently heads an Australian biopharmaceutical company called
Padula Serums Pty Ltd that is an APVMA licensed manufacturer of biological products (antisera) for
the veterinary industry.
Dr Margie Bale BVSc MRCVS
Margie Bale is a Queensland based veterinarian with expertise in camels. A practising veterinarian for
25 years, Margie spent 10 of those years with the University of Queensland as a mixed practice
clinician. For the last 5 years she has focused solely on camelid veterinary health and management,
particularly the Australian dromedary. Margie has travelled Australia and overseas presenting her
work at ICAR and Agrifutures Australia conferences. Margie has also travelled to Dubai to perform
embryo transfer programs and to develop assisted reproduction techniques for camels. Margie has a
particular interest in the reproduction of camels, particularly as it relates to management practices and
to the development of a future camel industry in Australia.

Acknowledgments
Summerland Camel Dairy
Cunnamulla Camel Company, Garrawin Station.
Mr Tony Lovell, Australian Camel Products Industry Association.

Abbreviations
mL

millilitre

L

litre

ng

nanogram

P4

progesterone

E2

oestrogen

d

day

ELISA

enzyme linked immunosorbent assay

iv

Contents
Foreword ................................................................................................................................... iii
About the Authors ..................................................................................................................... iv
Acknowledgments..................................................................................................................... iv
Abbreviations ............................................................................................................................ iv
Executive Summary .................................................................................................................. xi
Introduction ................................................................................................................................ 1
Reasons for Determining Camel Pregnancy Status ............................................................. 1
Buyer Assurance ........................................................................................................... 1
Improved Animal Welfare ............................................................................................ 1
Camel Herd Management ............................................................................................. 1
Feral Camels in Australia .................................................................................................... 1
Feral Camel Health in Australia ................................................................................... 3
Middle Eastern Respiratory Syndrome (MERS-CoV).................................................. 4
Objectives .................................................................................................................................. 5
General Methodology ................................................................................................................ 6
Literature Review....................................................................................................................... 7
Introduction ......................................................................................................................... 7
Camel Reproductive Physiology ......................................................................................... 7
Puberty .......................................................................................................................... 7
Induced Ovulation......................................................................................................... 7
Spontaneous Ovulation ................................................................................................. 8
Effect of Pregnancy on Lactation ...................................................................................... 11
Seasonality of Reproduction.............................................................................................. 13
Methods of Pregnancy Diagnosis in the Camel................................................................. 13
Serum Progesterone During Gestation........................................................................ 13
Serum Oestrone Sulphate During Gestation ............................................................... 15
Tail "Cocking" Behaviour........................................................................................... 16
Ultrasonography.......................................................................................................... 16
Measurement Techniques for Serum Progesterone ........................................................... 17
Blood Sample Collection and Processing ................................................................... 17
Automated Immunoassay Analysers for Progesterone ............................................... 19
Radioimmunoassay ..................................................................................................... 19
Progesterone ELISA Kits............................................................................................ 19
Results ...................................................................................................................................... 21
Analytical Validation......................................................................................................... 21
Introduction ................................................................................................................. 21
Sensitivity ................................................................................................................... 21
Human-Camel Serum Parallelism............................................................................... 22
Specificity ................................................................................................................... 23
Repeatability ............................................................................................................... 26

v

Effect of Sample Volume............................................................................................ 27
Stability of Progesterone in Camel Whole-Blood Samples ........................................ 28
Lyophilisation of Camel Serum Progesterone Standards ........................................... 30
Effect of Abnormal Reagent Storage Conditions on Test Performance ..................... 31
Commercial Microplate ELISA Kit v miniVIDAS ........................................................... 32
Determination of Cut-off Plasma Progesterone Concentration for Pregnancy Diagnosis. 35
Field Operation of miniVIDAS Analyser.......................................................................... 43
Requirements .............................................................................................................. 43
Modes of Operation .................................................................................................... 45
Options for Increasing Throughput ............................................................................. 46
Economics ................................................................................................................... 46
Users ........................................................................................................................... 46
Implications.............................................................................................................................. 48
Recommendations .................................................................................................................... 49
Appendix .................................................................................................................................. 50
MiniVIDAS Analyser........................................................................................................ 50
VIDAS® progesterone (PRG) ........................................................................................... 50
Demedetic Progesterone ELISA Kit.................................................................................. 50
BCF Ultrasound ................................................................................................................. 50
References ................................................................................................................................ 51

vi

Tables
Table 1. Features of an ideal field camel pregnancy test and the miniVIDAS blood
progesterone test system. ........................................................................................................... 5
Table 2. Capture antibody cross reactivity with similar steroids in the VIDAS® Progesterone
test strips. Data supplied by the progesterone test strip manufacturer (Biomerieux, France).. 24
Table 3. Variation in measurement of progesterone spiked camel serum samples assayed in
quadruplicate. ........................................................................................................................... 26
Table 4. Effect of lyophilisation on progesterone concentration measured by miniVIDAS
analyser pre- and post freeze drying camel serum standards spiked with progesterone at
known concentrations. ............................................................................................................. 30
Table 5. Effect of heating test reagent strips and sample receptacle for 7 days at 37°C in
comparison to fridge (2 - 8°C) storage on the reported progesterone value. Results shown are
the mean values of triplicate samples and standard deviation of the mean (SD). .................... 32
Table 6. Effect of heating test reagent strips and sample receptacle for 7 days at 37°C in
comparison to fridge storage on the background Relative Fluorescence Values (RFV). Results
show are mean values of triplicate samples and standard deviation of the mean (SD). .......... 32
Table 7. Descriptive statistics for the combined serum/plasma progesterone (P4)
concentration (ng/mL) data for all pregnant and empty camels............................................... 35

vii

Figures
Figure 1. Regional distribution of feral camels in Australia (Metcalfe and Bui, 2016)............. 3
Figure 2. Safe handling of camels is greatly facilitated by the use of a modified cattle crush
and appropriate stockmanship procedures, Garrawin Station, Qld. ........................................... 6
Figure 3. Mean (± sem) serum progesterone concentrations in mated (n = 8; open squares)
and non-mated (n = 28; filled squares) camels. Day 0 is the day of ovulation in Group 2
camels from Skidmore et al 1995. ............................................................................................. 8
Figure 4. Mean serum progesterone concentration in dromedary camels after spontaneous
(solid line, open circle) and induced (dotted lined, solid square) ovulations. Error bars indicate
standard error of the mean. Day 0: ovulation. Type of ovulation effect, P < 0.05; day effect, P
< 0.001. From Nagy et al (2005). .............................................................................................. 9
Figure 5. Daily progesterone profile of a lactating dromedary camel with repeated
spontaneous ovulation. Open circles represent dominant follicles before spontaneous
ovulation. From Nagy et al (2005)........................................................................................... 10
Figure 6. Mature female camel with newborn calf in western Queensland. ............................ 11
Figure 7. Effect of pregnancy on milk production in milking dromedary camels in the United
Arab Emirates, from Nagy et al (2015). Milk yields are generally relatively low in camels and
further decline sharply following pregnancy. .......................................................................... 12
Figure 8. Concentrations of progesterone (mean ± sem) measured in the peripheral serum of
eight pregnant camels throughout gestation from Skidmore et al (1996). Note the higher
concentrations of serum progesterone in first 80 days of gestation which plateau during mid to
late gestation, before sharply decreasing to undetectable immediately after parturition. ........ 14
Figure 9. Concentrations of oestrone sulphate (mean ± sem) measured in the peripheral serum
of eight pregnant camels throughout gestation from Skidmore et al (1996). Note the very high
concentrations in late gestation (>300 d) which may be useful for gestational aging. ............ 15
Figure 10. Collection of blood sample from the facial vein of a camel restrained with a simple
rope tie in a modified cattle crush. ........................................................................................... 18
Figure 11. Collection of blood sample by Dr Margie Bale from the jugular vein of a camel
restrained with a simple rope tie in a modified cattle crush. .................................................... 18
Figure 12. ELISA kit for measurement of serum progesterone concentration on a 96-well
microplate. Colour change intensity (blue) is inversely proportional to progesterone
concentration. That is, high concentrations are dark blue and low light blue to clear. This
photograph shows the plate immediately before adding the stopping solution (acid) which
causes the blue colour (370 nm) to shift to yellow (450nm). Reading of the intensity of the
yellow colour at 450nm wavelength allows for generation of a standard curve of progesterone
concentrations with which unknown samples can be interpolated against. ............................. 20
Figure 13. Standard curve generated using the RFV raw data produced by the miniVIDAS
analyser. ................................................................................................................................... 22
Figure 14. Predicted v measured progesterone concentration for human and camel serum. ... 23
Figure 15. Serum progesterone concentrations measured using VIDAS® Progesterone test
strips as an indicator of test specificity in male, pregnant female and non-pregnant female
camels. Pregnant female camels are readily distinguished from non-pregnant and males. Male
camels had lower mean progesterone concentration than non-pregnant females thus

viii

demonstrating excellent test specificity. Mean progesterone concentrations are shown on the
chart. ........................................................................................................................................ 25
Figure 16. Coefficient of variation (%) for measurement of camel serum progesterone of
known concentration (0, 0.3, 1.25, 2.5, 5, 15 and 40 ng/mL) assayed in quadruplicate. ......... 27
Figure 17. Effect of volume placed into the sample well on the measured concentration of
progesterone. Serum samples assayed in triplicate at each sample volume data point and the
mean (±SD) values shown. ...................................................................................................... 28
Figure 18. Effect of storage temperature and time on serum progesterone. Results shown are
pooled from both storage temperatures as there was no significant difference in mean
progesterone concentration. ..................................................................................................... 29
Figure 19. Effect of storage of whole blood samples prior to centrifugation at room
temperature for 0, 1, 3 and 7 days (L to R). Storage of blood samples at room temperature for
more than 3 days tended to cause a slight reduction in measured progesterone and markedly
increased the degree of haemolysis in the sample following centrifugation............................ 29
Figure 20. Lyophilised progesterone calibration samples prepared in prepubertal male camel
serum. ....................................................................................................................................... 31
Figure 21. Comparison of standard curves generated using the microplate progesterone
ELISA kit (Demedetic GmBH, E1561) using the supplied human standards and camel serum
progesterone standards. ............................................................................................................ 33
Figure 22. Replicate coefficient of variation (%) for the Demedetic microplate progesterone
ELISA. ..................................................................................................................................... 34
Figure 23. Linear regression analysis of progesterone values obtained from the camel serum
samples measured in both the miniVIDAS and Demedetic ELISA kit showing excellent
agreement with R2=0.86........................................................................................................... 34
Figure 24. Combined results comparison of serum/plasma progesterone concentrations
measured by miniVIDAS in pregnant (n=150) and empty camels (n=66). Mean and SD are
shown in opposite colours as horizontal lines. ......................................................................... 36
Figure 25. Dr Margie Bale performing a transrectal ultrasound examination for pregnancy in a
camel restrained in a crush. Note the low backing gate protecting the operator from kicks. .. 37
Figure 26. Distribution of plasma progesterone concentrations in pregnant (dairy) camels less
than 4 months pregnant. The red dotted line show the mean concentration of plasma
progesterone. F13 and F14 are individual camels that were early pregnant (<6 weeks) at the
time of blood sampling and previous research has shown that in early gestation plasma
progesterone concentrations are high. ...................................................................................... 38
Figure 27. Distribution of plasma progesterone concentrations in non-dairy camels both
pregnant (unknown stage of gestation) and non-pregnant. Dotted horizontal line shows the
cut-off value (3 x SD of mean of non-pregnant camels) for discrimination (99% confidence)
of pregnant from non-pregnant. ............................................................................................... 39
Figure 28. Transrectal ultrasound images of pregnant and non-pregnant uterus of camels taken
using the BCF ultrasound scanner. .......................................................................................... 40
Figure 29. MiniVIDAS analyser as setup under laboratory conditions. The analyser has two
trays (channels) on the left side which are capable of running six tests simultaneously. Both
trays can be run together giving a combined throughput of 12 progesterone tests per 45
minutes. Results are printed on the inbuilt thermal printer on the upper right side. Sample and
IDs are entered using the numerical keypad. ........................................................................... 41

ix

Figure 30. Example of progesterone results printout from miniVIDAS analyser showing the
interpolated result in bold, the background RFV reading and sample RFV reading used for
interpolation of the progesterone concentration. Quality control data for the standard used,
reagent lot numbers and assay run date are also printed. These result sheets are printed on
thermal paper and will slowly fade over time (>12 months). A permanent record could be
made by scanning and electronic archiving these results. Turning off power to the analyser
deletes all stored data from previous runs so it is necessary to manually archive the printed
results. ...................................................................................................................................... 42
Figure 31. Disposable ready-to-use progesterone test strips showing the sample loading well
on the far left (below ‘VIDAS’) and liquid filled wells containing reaction reagents. The
recommended storage conditions are refrigeration at 2 - 8°C. A Lot No. is printed on each test
strip and when the test Lot changes a calibration run must be performed which requires four
test strips. ................................................................................................................................. 43
Figure 32. Transport of miniVIDAS analyser in back of vehicle to camel facilities. .............. 47
Figure 33. Farmed camels in western Queensland. Camels are in good body condition and are
grazing Mulga country as part of a land regeneration program. Knowledge of the pregnancy
status of camels would improve their general management. ................................................... 48

x

Executive Summary
What the report is about
This research has successfully developed and validated a pregnancy test method for field use on
Australian feral camels. Feral camels represent a vast resource for the emerging Australian camel
industry with potential for capture and incorporation into farming for milk and meat. Knowledge of
the pregnancy status of wild caught camels has previously been difficult to obtain, meaning that camel
producers buying camels have great inefficiency in their ability to acquire suitable stock. This report
describes the development of a simple blood test system that can be performed safely, efficiently and
provide rapid reliable results at the point of capture.
Who is the report targeted at?
This report is primarily targeted at veterinarians that work in regional areas of Australia that are likely
to encounter camels in their business, either directly or through cattle producer clients. The second
target audience are camel producers, the end beneficiary of this research. The development of a
pregnancy test method that can be applied at the point of capture of feral camels is a significant
breakthrough for improving the efficiency of the emerging Australian camel products industry.
Where are the relevant industries located in Australia?
The relevant industries who will benefit from this research are camel producers, camel vendors and
veterinarians. The Australian camel industry is still at an early stage of development. Feral camels are
located mainly in Central Australia but their distribution spans three states (WA, Qld, SA) and the
Northern Territory. Feral camel sellers, typically located in areas around Central Australia, can now
provide additional assurance to buyers on the pregnancy status of animals proffered for sale. Mustered
feral camels can have their pregnancy status confirmed at the point of capture. Consequently, camel
producers now have a tool to select animals more efficiently on pregnancy status to suit their
particular needs. Veterinarians now have detailed technical data to support the use of serum
progesterone measurement to determine pregnancy status in feral camels. Veterinarians that provide
services into regions where feral camels are located are best suited to provide camel pregnancy
diagnosis by serum progesterone measurement as a tool to feral camel vendors.
Background
Australia is home to the largest feral camel population in the world. Camels were introduced to
Australia in the 1840s to assist with regional development. Although exact numbers are not known
The National Feral Camel Action Plan reports estimates up to 1 million head in Australia. Although
classified as a pest animal, these feral camels represent a rich resource to the emerging Australian
camel products industry.
Aims/objectives
The aim of this project was to develop and validate a safe, reliable, and efficient method of pregnancy
diagnosis suitable for feral camels. Specifically, a highly accurate and portable immunoassay analyser
(miniVIDAS®) was evaluated under both laboratory and field conditions. The results obtained are
planned to be distributed principally to veterinarians located in regions where feral camels are found.
Methods used
A laboratory-based evaluation of the miniVIDAS® immunoassay analyser was initially conducted to
ensure it would perform satisfactorily on camel plasma and serum. Parameters such as analytical
sensitivity, specificity, repeatability, reagent stability, sample volume, sample stability effects and
recovery progesterone spiked serum. Blood samples were collected via the facial or jugular vein from
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over 200 camels that had their pregnancy status determined by transrectal ultrasonography performed
by one experienced camel veterinarian. Comparisons were made between the miniVIDAS results and
a laboratory commercial ELISA kit. A cut-off serum progesterone concentration to distinguish
pregnant from non-pregnant was statistically calculated as three standard deviations higher than the
mean of all non-pregnant camel results. Camels were located in south eastern and western Qld and
included a mix of dairy, meat and extensively grazed camels.
Results/key findings
The project successfully achieved all the agreed objectives. The analytical validation studies found
that progesterone was reliably measured in camel serum. The sensitivity of the miniVIDAS analyser
was 0.25 ng/mL and was highly specific for progesterone. Standard curves made in progesterone
spiked blank camel serum and normal human serum were parallel although differed in absolute
values. The miniVIDAS system tended to report higher values in progesterone spiked blank camel
serum. Due to the demonstrated parallelism all progesterone measurements used the raw values
produced by the miniVIDAS. The miniVIDAS test results were highly repeatable with a coefficient of
variation of 3% for 15 ng/mL and 12.1% for 0.3 ng/mL. The effect of sample volume was significant
with volumes less than 0.2 mL resulting in proportionally lower concentrations of progesterone
reported by the miniVIDAS compared to using the recommended 0.4 mL, but volumes of 0.2 mL to
0.5 mL showed little variation. Progesterone was very stable in whole camel blood samples stored at
room temperature for up to 7 days. Only minor effects were noted in respect to measured progesterone
concentration although samples became markedly haemolysed with time. Storage of progesterone test
kit reagents at 37°C for 7 days, in contrast to the manufacturers recommended 2 - 8°C had no
detectable effect on reported serum progesterone but did increase the background non-specific
binding thus marginally reducing test sensitivity.
Camel serum samples spiked with known concentrations of progesterone (0, 1.25, 5 and 40 ng/mL)
were successfully lyophilised in sealed glass vials and may serve as useful calibration standards for
other laboratories using different progesterone measurement methods. Comparison of the miniVIDAS
analyser results with a commercially available 96-well microplate kit for progesterone found excellent
agreement for diagnosing pregnancy but differed quantitatively in concentration for a small number of
camel serum samples. It was suspected that there may be other factors in camel serum that are causing
interference.
The key finding was that in 150 camels in which pregnancy was confirmed by transrectal ultrasound
the mean (±SD) plasma progesterone was 10.04 ± 4.18 ng/mL whilst in 66 non -pregnant camels it
was 0.65 ± 0.33 ng/mL. A cut off value for serum progesterone consistent with pregnancy was
calculated as three standard deviations (i.e. 99% of values) above the mean of the non-pregnant
camels, equal to at least 1.64 ng/mL. For practical purposes, and to increase statistical confidence, a
cut off serum progesterone concentration of 2.00 ng/mL could be adopted. The lowest serum
progesterone concentration of any pregnant camel measured was 2.28 ng/mL. The conclusion from
the comparative test study was that measurement of serum progesterone using the miniVIAS analyser
is an excellent platform for determining the pregnancy status in a group of feral camels.
The miniVIDAS was easy to use, could provide results on at least 12 samples per hour and had the
advantage that operator safety was vastly improved compared to standing behind dangerous feral
camels attempting to perform transrectal ultrasound examinations. Transrectal ultrasound was very
difficult to perform in some camels due to their physical size (>950 kg) and in later pregnancy
visualisation of the foetus was not possible due to the positioning of the uterus over the pelvic brim.
Based on field robustness testing it was found that with one blood collector and one analyser operator
up to 120 camel pregnancy tests could be performed in a 10-hour period, or up to 250 in a day if a
delay of up to 12 hours for results was acceptable. Other modes of performing pregnancy testing
based on serum progesterone are to collect whole blood and ship directly to a diagnostic laboratory
within 3 d (ideally chilled but not critical), or centrifuge whole blood samples and freeze or chill the
plasma for later analysis.
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Implications for relevant stakeholders
This project has developed a simple, safe and reliable method of pregnancy diagnosis suitable for use
on Australian feral camels. The pregnancy test method now opens up the potential for buyers to
confidently obtain camels with the pregnancy status they are desiring.
Camel dairies can now more confidently purchase animals that can be efficiently managed. Camel
sellers now have a means of providing some market assurance to buyers on the pregnancy status of
wild camels; this would likely lead to premium prices being paid. This premium is likely to be in the
order of 20 to 30% of the sale price due to the high costs of transporting unsuitable camels to their
destination farm. Ideally, the pregnancy status of camels would be determined at their point of capture
so that buyers know what they are purchasing immediately prior to long and costly transport. The
pregnancy testing method developed in this project is also very safe for both camel and tester. This is
appealing to those likely to perform the pregnancy diagnosis such as veterinarians. The development
of a tool such as this also opens opportunities for better management of farmed camels by
manipulating available nutrition to camel pregnancy status, such as is often done with sheep and
cattle. Early detection of poor performing male camels is now possible. The measurement of serum
progesterone only provides a ‘yes’ or ‘no’ answer to pregnancy status and does not reveal anything
about the stage of gestation.
The provision of a camel pregnancy testing service using serum progesterone presents a unique
business opportunity for a regional and innovative veterinarian or practice to provide.
Recommendations
Dissemination of simple two-page Fact Sheet to Australian Cattle Veterinarians. Many veterinarians
in areas with feral camels are likely also performing cattle veterinary work. An effective medium to
reach these practitioners is via the Australian Cattle Veterinarians (ACV) group, which is part of the
Australian Veterinary Association. The publication of the Fact Sheet that summarises the technical
work of this project will be submitted to the quarterly journal of the ACV.
A short presentation of the results of this work is planned to be presented at the ACV annual
conference.
A fact sheet will be distributed to camel industry persons to raise awareness through the Australian
Camel Products Industry Association and to individual producers.
Pregnant camel serum samples will be made available to commercial diagnostic laboratories that do
not use the miniVIDAS test system but who wish to calibrate and validate their own assay systems for
pregnancy diagnosis in camels.
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Introduction
Reasons for Determining Camel Pregnancy Status
Buyer Assurance
Milking Herds
Camel buyers wishing to obtain camels for future milking purposes need to consider a number of
factors regarding the pregnancy status of purchased camels.
Female camels that are non-pregnant (‘empty’) at the time of purchase have the advantage that the
milk producer can control the mating date, obtain an accurate calving date and the start of lactation.
Non-pregnant camels require training in the milking process which can take 2-3 months for the camel
to get used to coming into the milking facility.
Female camels that are 5-6 months into gestation are also useful to the camel milk producer. These
animals will likely be trainable to the milking process before they calve. Once they calve, they will
begin milk production and then mating can be controlled.
Meat Producers
Non-pregnant camels may also be sold or used as riding camels.
Meat producers are likely to pay higher price for pregnant camels because of the demand for these for
milking purposes. However, heavily pregnant animals may have carcass value reduced due to uterine
and foetal tissues.

Improved Animal Welfare
Transport of late pregnant camels is not desirable. The stress of transporting pregnant wild caught
camels can result in abortion within a few days, placing risk to the animal and loss of the calf.

Camel Herd Management
Knowledge of the pregnancy status of an individual camel is useful for management of herd bulls and
the nutrition of females.

Feral Camels in Australia
Camels (Camelus dromedarius) were introduced to Australia from 1840; by 2008 an estimated 1
million camels were roaming the central arid lands of Western Australia, the Northern Territory,
South Australia and Queensland. Major environmental impacts associated with feral camels in
Australia are damage to native vegetation and wetlands; competition with native animals for food,
shelter and water resources; damage to infrastructure; and road hazards. Camels are declared as a pest
animal and subject to control measures. Feral camels are mainly spread throughout central Australia.
They are generally confined to the deserts, being only occasionally seen on sheep and cattle stations in
Western Australia.
Camels live for up to 50 years and may actively breed for 30 years. Gestation lasts about 13 months;
calves are born on average once every two years. While births take place throughout the year there is
a distinct increase in the six-month period from June to November and particularly during late August
to early September. Twins are rare. Males come into season from one to three times a year, each time

1

for several weeks. They develop large patches of sticky, smelly excretion on the backs of their heads
when in season and are also particularly intractable at this time.
A National Feral Camel Action Plan has been prepared and published in 2010 by the Vertebrate Pests
Committee of the Natural Resource Management Ministerial Council 1.
The four key outcomes identified for the National Plan are:
(i) development of the Australian and international community’s understanding of and support for the
humane management of feral camels and their impacts;
(ii) amelioration of the negative impacts of feral camels by addressing the current over-abundance of
feral camels through the immediate, substantial and sustained reduction in their numbers and impacts
across the rangelands;
(iii) adoption of a platform for the on-going humane management of feral camels; and,
(iv) development of partnerships and social capacities for feral camel management into the future.
The feral camel range extends across three states (Western Australia, South Australia, Queensland)
and the Northern Territory (Figure 1). Each jurisdiction has legislative and regulatory frameworks for
the management of all pest animals including feral camels, which landholders must abide by.
However, the detailed requirements of these frameworks have not been harmonised across
jurisdictional boundaries.
The National Plan released in 2010 reported that there were over one million feral camels at that time
and predicted that population would double over the next 8-10 years. This represents a great
opportunity to the camel industry to efficiently utilise this vast feral camel reservoir in Australia.
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Figure 1. Regional distribution of feral camels in Australia (Metcalfe and Bui, 2016).

Feral Camel Health in Australia
A government report prepared in 2004 examined the disease risk of feral camels in Australia and
concluded:
Both domestic and feral camels in Australia are free from most serious diseases of livestock. Camel
diseases in Central Australia, such as those caused by internal parasites, sarcoptic mange, ringworm,
nasal bots and Corynebacterium abscesses are common worldwide and readily treatable. There is no
evidence that meliodosis occurs in Central Australia. The risk of meliodosis during export from
endemic areas in the wet season can be managed. Bluetongue is the only The World Organisation for
Animal Health (OIE) list A disease in Australia. Feral camels live in Australia’s bluetongue virus-free
zone. The OIE List B diseases are not known to occur in feral camels in Central Australia (Brown,
2004).
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Middle Eastern Respiratory Syndrome (MERS-CoV)
A serious risk to human health from camels is the Middle Eastern Respiratory Syndrome (MERSCoV). MERS is caused by a coronavirus, similar to the virus found in Wuhan, Hubei Province, China
(COVID-19) in 2020 that has infected tens of thousands of humans. Several investigations into the
animal source of MERS-CoV have definitively identified dromedary camels as the natural reservoir
for MERS-CoV.
Dromedaries infected with MERS-CoV may not show any signs of infection. It is therefore not
possible to know whether an animal in a farm, market, racetrack or slaughterhouse is excreting
MERS-CoV that can potentially infect humans. However, infected animals may shed MERS-CoV
through nasal and eye discharge, faeces, and potentially in their milk and urine. The virus may also be
found in the organs and meat of an infected animal 2. There appears to be a high seroprevalence of
MERS-CoV infection in camels located in the middle east
MERS-CoV has never occurred in humans in Australia and the camel population is assumed low risk.
Testing of 307 serum samples collected from feral camels near Alice Springs during 2013-2014 found
no evidence of the disease (Crameri et al., 2015).
MERS-CoV presents a serious and potentially fatal risk to humans and, although only limited
information is known on its transmission, camels are the origin. The absence of clinical signs of
disease in infected camels makes MERS-CoV difficult to avoid for camel handlers. Transmission
between humans to humans appears to be low but has been confirmed; reducing contact between
camels and handlers is essential to reducing the risk of disease transfer. Antibodies to MERS-CoV
have been found in stored camel blood samples dating back to 1992. Diagnostic test methods are
available (serology, PCR) that could be applied to camels in order to screen for MERS-CoV.
Serum or plasma samples collected for pregnancy diagnosis as a result of this project could then be
screened for MERS-CoV to ensured continued absence in the Australian camel herd.

https://www.who.int/news-room/detail/26-01-2018-update-on-mers-cov-transmission-from-animals-tohumans-and-interim-recommendations-for-at-risk-groups
2
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Objectives
Objectives of the project:
1. To validate a portable serum progesterone analyser as a reliable pregnancy test method for use
in wild caught camels.
2. Establish reference ranges for serum progesterone in pregnant and non-pregnant camels using
the miniVIDAS™ progesterone analyser platform.
3. Determine the sensitivity and specificity of serum progesterone compared with a pregnancy
test such as transrectal ultrasound, calving observation or slaughter specimens.
4. Disseminate pregnancy testing method information to veterinarians and other relevant parties
via the Australian Veterinary Association.
This project aimed to develop an ideal, portable pregnancy testing service for camels. The key
features of an ideal service are outlined in Table 1.
Table 1. Features of an ideal field camel pregnancy test and the miniVIDAS blood progesterone
test system.
Ideal Pregnancy Test

miniVIDAS Progesterone Analyser

Fast

45 minutes from sample loading to result printout

Safe for operator

Blood samples easy to collect in chute/race

High sensitivity

Range 0.25 ng/mL to 80 ng/mL, pregnancy >1 ng/mL

High specificity

Progesterone highly pregnancy specific in camels

Robust

Blood samples reliable up to 3 d post-collection

Low cost

$10 per test strip consumable excluding analyser

High throughput

12 tests completed every 45 minutes

Ruggedised

Portable (30kg), less than 30°C working environment

Simple to run

Load 0.2 mL sample into well and run
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General Methodology
Camels used in this study were located in various commercial camel herds located in SE Qld;
generally near Brisbane or western Qld. Blood samples were collected as part of routine veterinary
herd health visits. Camels were not sedated for ultrasound examination. Camels were examined per
rectum in a cattle crush modified for camel use (Figure 2). Transrectal ultrasonography was
performed by a single operator (Dr Margie Bale) using a BCF Easi-Scan Curve with a 3 – 7 mHz
curved rectal probe and BUG Binocular HMD goggles (see Appendix). Blood samples were collected
and processed as described in the results section for each experiment. In general, 10 mL plain or
LiHep vacuum tubes with 18G x 1.5-inch needles were used for sampling. Blood samples were
centrifuged within 6 hours of collection and serum/plasma separated stored frozen in 5 mL clear
polycarbonate tubes at -20°C. Progesterone measurements were performed on a single miniVIDAS
(Biomerieux, France) machine using the progesterone test strips (see Appendix). Laboratory based
analytical studies were performed in the Padula Serums Pty Ltd laboratory located in Bairnsdale,
Victoria. Data was analysed using computer software (Microsoft Excel and Graph Pad Prism 8.3.1).
The microplate ELISA kits were read using an automated 96-well reader (Sunrise, Tecan, Austria)
and data analysed using specialised ELISA software (Magellan 7.2, Tecan, Austria).

Figure 2. Safe handling of camels is greatly facilitated by the use of a modified cattle crush
and appropriate stockmanship procedures, Garrawin Station, Qld.
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Literature Review
Introduction
A brief overview of camel reproductive physiology is presented in this section. Although there has
been limited research in this field, the knowledge base is slowly expanding. Much of the literature
originates from middle eastern scientific research where camels are an important production and
racing animal.

Camel Reproductive Physiology
Camels have a number of unique aspects to their reproductive biology. Interest in camel reproduction
has been driven largely by the camel racing industry through development of technologies such as
embryo transfer, superovulation and artificial insemination.

Puberty
Young camels begin to become sexually active at 2-3 years of age but are typically not bred until they
have reached mature physical size at 4 years of age (Skidmore, 2011). Good nutrition is important for
camels to reach sexual maturity.

Induced Ovulation
Unlike many other animal species camels do not have regular cycles of being on ‘heat’. Camels are
termed induced ovulators, similar to cats, ferrets and rabbits. The stimulus of mating induces
ovulation of large ovarian follicles. Follicles are fluid filled structures containing the unfertilised egg
(oocyte) within the ovary that grow and regress in a cyclical pattern which is detectable by ultrasound.
The largest follicle present at any time is called the dominant follicle and it may last approximately
18-25 days. If mating does not occur the follicle regresses and a new wave of follicle growth with a
new dominant follicle occurs.
In the mated camel the dominant follicle rapidly disappears (i.e. ovulates) and is replaced with a
corpus luteum, which subsequently produces the hormone progesterone to support pregnancy
(Skidmore et al., 1995). Camels that do not conceive following mating have a marked decline in
serum progesterone to basal levels within 10 days following ovulation (Figure 3). Camels that
conceive and remain pregnant maintain elevated concentrations of serum progesterone in peripheral
blood throughout gestation (Figure 3).
Although the left and right ovaries seem to function perfectly well, 99% of pregnancies occur in the
left uterine horn (Merky et al., 1990). The embryo appears to preferentially migrate to the left horn,
which is anatomically slightly larger than the right. Twinning is rare in the camel with studies
reporting only 0.4% live twins (Merky et al., 1990). Despite the low incidence of twins, multiple
ovulation occurs much more frequently within 12-15% occurrence rate. It appears the camel has a
high rate of early embryonic loss of twins or a natural twin reduction mechanism.
Gestation length in camels is somewhat variable with a reported mean duration of 375 to 390 days
(Merky et al., 1990).
An ovulation inducing factor has been found in the seminal fluid of male Bactrian camels (two
humped) but not in dromedary camels.
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Figure 3. Mean (± sem) serum progesterone concentrations in mated (n = 8; open squares) and
non-mated (n = 28; filled squares) camels. Day 0 is the day of ovulation in Group 2
camels from Skidmore et al 1995.

Spontaneous Ovulation
Although the camel is an induced ovulator, spontaneous ovulation not associated with mating may
occasionally occur. The topic of spontaneous ovulation is controversial and appears poorly studied in
the camel. Spontaneous ovulation has been documented in dromedary camels located in Oman by
serial progesterone measurements 2-4 times per week that were either non-lactating (1.4%) and
lactating (41.7%) (Nagy et al., 2005).
The issue with spontaneous ovulations is that they result in transient (Figure 4) periods of high serum
progesterone indistinguishable in concentration from pregnancy if only a single progesterone
measurement is made.
In one individual camel (Figure 5) studied over 10 weeks, nine spontaneous ovulations were
documented using plasma progesterone measurements, with each ovulation being approximately 10 d
apart (Nagy et al., 2005).
Camels may be induced to ovulate artificially by injection of gonadotrophin releasing hormone
(GnRH). Injection of 100 µg of native sequence GnRH reliably induces ovulation with lower doses
being required when the more potent synthetic analogues are used (Al Eknah, 2000).
There are no studies under Australian conditions of the frequency of induced ovulation in either dairy
or meat camels. However, it is the opinion of the authors that spontaneous ovulation occurs with very
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low frequency in feral camel populations and does not present a confounding factor for the use of
single time-point serum progesterone measurements for pregnancy diagnosis. If diagnosing pregnancy
using a single time point measurement of progesterone it is not possible to determine if the elevation
is due to a spontaneous ovulation or pregnancy. Prior to the work of Nagy et al (2005), spontaneous
ovulation had not been convincingly demonstrated, let alone the frequency estimated.
It is likely that a small percentage of camels classified as pregnant based on a single time point plasma
progesterone measurement may not be pregnant but experience a short luteal phase from a
spontaneous ovulation.
Ultrasound examination of the ovaries of spontaneous ovulating camels has revealed luteinisation of
the follicle wall, which is the source of the progesterone. However, the time period in which serum
progesterone is likely to be similar to that measured in pregnant camel levels is perhaps only 2-4 days.
This makes the cut-off concentration of progesterone used for classifying a camel as pregnant highly
important.

Figure 4. Mean serum progesterone concentration in dromedary camels after spontaneous
(solid line, open circle) and induced (dotted lined, solid square) ovulations. Error
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bars indicate standard error of the mean. Day 0: ovulation. Type of ovulation effect,
P < 0.05; day effect, P < 0.001. From Nagy et al (2005).

Figure 5. Daily progesterone profile of a lactating dromedary camel with repeated spontaneous
ovulation. Open circles represent dominant follicles before spontaneous ovulation.
From Nagy et al (2005).
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Effect of Pregnancy on Lactation
The effect of pregnancy on milk production in camels is significant for management of camel dairies.
Milk production in camels is markedly depressed (Figure 6,7) following attainment of pregnancy
(Nagy et al., 2015). The phenomena of declining milk production during late gestation is well
recognised in traditional milking species such as cattle, goats and sheep but there are key differences
with camels. In dairy cattle selected for milk production (i.e. milk letdown) the effect is only observed
in late gestation.
In contrast to dairy cattle, when a lactating camel becomes pregnant, milk yield declines substantially
with pregnancy exerting a strong negative effect on milk production. Milk yield starts declining
within 1 month of conception and camels completely stop lactating by 4 months of gestation. Such a
decrease is a major economic loss in a camel dairy operation. This phenomenon is known to camel
milk producers but the physiology has not been well studied.
Greater selection pressure on milk production traits in camels is required to overcome their inherent
natural inhibition of milk yield during gestation. This has been achieved in dairy cattle through
decades of selection using artificial insemination from elite donor bulls.
If wild caught camels are lactating when placed into a milking herd and they are early pregnant, milk
production will be short, low volume and non-profitable.

Figure 6. Mature female camel with newborn calf in western Queensland.
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Figure 7. Effect of pregnancy on milk production in milking dromedary camels in the United
Arab Emirates, from Nagy et al (2015). Milk yields are generally relatively low in
camels and further decline sharply following pregnancy.
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Seasonality of Reproduction
Dromedary camels are regarded as seasonal breeders under middle eastern conditions with a relatively
short breeding season during the cooler months of the year when better pasture conditions prevail
(Skidmore, 2011). In hot Northern hemisphere climates this is roughly from December to April.
During these hotter times of the year in female camel ovarian follicle activity is reduced and males are
less interested in mating (Skidmore, 2011).
Under Northern Australian conditions the mating season for farmed camels is determined largely by
the period of male camel sexual activity. Males are most active from late-August to January for
dominant males and out to February for secondary males. Males introduced to females outside of
these times are generally disinterested in mating. The male camel is the limiting factor determining
seasonality.
The role of artificial insemination is currently very limited. The technology is still developing for
camels. It would be logical to conclude that use of AI may provide a pathway to circumvent seasonal
factors limiting male mating behaviour. However, AI is problematic due to camel semen freezing
difficulties and requirement for induction of ovulation in female camels. Female camels require more
than deposition of semen into the uterus to conceive. They require exogenous pharmacological
induction of ovulation and a biological ovulation inducing factor found in male camel semen.

Methods of Pregnancy Diagnosis in the Camel
There is relatively little published work on camel pregnancy diagnosis methods compared to the vast
body of knowledge on species such as horses and cattle. However, various methods for determining
the pregnancy status of camels have been evaluated to different extents. The following is a brief
summary of the principle methods.

Serum Progesterone During Gestation
Serum progesterone (Figure 8) is a reliable indicator of pregnancy status in the camel because of the
underlying physiology of camel reproduction. Studies performed in dromedary camels in the United
Arab Emirates during the 1990s have comprehensively described the basic endocrinology of
pregnancy (Skidmore et al., 1996).
Camels require ovarian progesterone, produced by the corpus luteum, throughout gestation to
maintain pregnancy. Removal of the ovary bearing the corpus luteum at any stage of pregnancy
results in foetal loss.
Non-pregnant camels have very low concentration of progesterone measurable in peripheral blood
samples, typically less than 1 ng/mL. Within days of conception, serum progesterone rises markedly
to approximately 5-15 ng/mL and remains elevated throughout gestation.
Progesterone falls sharply within 24 h prior to parturition.
Progesterone is therefore an excellent indicator of pregnancy status in the camel but does not provide
information of stage of gestation.
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Figure 8. Concentrations of progesterone (mean ± sem) measured in the peripheral serum of
eight pregnant camels throughout gestation from Skidmore et al (1996). Note the
higher concentrations of serum progesterone in first 80 days of gestation which
plateau during mid to late gestation, before sharply decreasing to undetectable
immediately after parturition.
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Serum Oestrone Sulphate During Gestation
Serum oestrone sulphate (Figure 9) concentration is also useful for determining the pregnancy status
of camels. Non-pregnant camels have very low concentrations of oestrone sulphate in serum, typically
<2 ng/mL (Skidmore et al., 1996). During early pregnancy concentrations of 5 – 10 ng/mL may be
measured in serum. After approximately 300 days of gestation oestrone sulphate levels rise
dramatically to 40-60 ng/mL. Once birth occurs oestrone sulphate levels then decline to < 2 ng/mL
within 3 days of parturition (Skidmore et al., 1996).
Oestrone sulphate is a good indicator of pregnancy and the absolute concentration can provide some,
although limited, information of stage of gestation.
Unfortunately, eestrone sulphate is not readily measured by automated analysers programmed for
veterinary use and microplate-based ELISA test kits are considerably more expensive (3-fold) than for
the more commonly available progesterone.
Several diagnostic veterinary pathology laboratories currently offer equine and bovine oestrone
sulphate assays for pregnancy diagnosis which could be adapted for camel use with suitable camel
serum reference standards.

Figure 9. Concentrations of oestrone sulphate (mean ± sem) measured in the peripheral serum
of eight pregnant camels throughout gestation from Skidmore et al (1996). Note the
very high concentrations in late gestation (>300 d) which may be useful for
gestational aging.
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Tail "Cocking" Behaviour
Anecdotal Bedouin reports have asserted that it is possible to detect pregnancy in camels from as
early as 15 days post-mating by observing an erect and coiled tail in the pregnant animal when
approached by a male camel. This is true; however, this response has been noted in unmated animals
treated with exogenous progesterone and also in younger animals that maybe alarmed by the male
(Skidmore, 2000). This behaviour is unreliable in Australian feral camels because when placed in
yards or under pressure the behaviour is inhibited. The stress response seems to override this
behaviour.
Cervical Mucus
Changes in camel cervical mucus have been described during pregnancy. However examination of the
cervix and mucus is impractical and unreliable for routine pregnancy diagnosis, particularly in wild
camels at unknown stages of gestation (Skidmore, 2000).
Rectal Palpation
Pregnancy diagnosis can be performed by rectal palpation of suitably restrained camels. A specific
camel crush with safety gate for the operator is ideal. Camels may also be examined per rectally when
restrained in a sitting position. Diagnosis of pregnancy using rectal palpation can represent some risks
to the female camel such as rectal tears. Generally though it is not considered detrimental to the foetus
provided the examination is carried out by experienced personnel and the uterus is not over
manipulated (Skidmore, 2000). Veterinarians familiar with cattle and horse rectal palpation for
pregnancy will be familiar with many of the structures palpable per rectum.
The earliest palpable sign of pregnancy is the persistence of the corpus luteum in the ovary which
continues to grow until day 35 of pregnancy. It is usually soft, flabby and spherical in shape,
measuring about 25 mm in diameter, but becomes out of reach after about 90 days.
It is not until about day 45 that uterine changes due to pregnancy can be detected by rectal palpation
and the first sign is an increase in the diameter of the left horn. However, it is not until approximately
the third month of pregnancy that the gravid horn feels obviously bigger and softer than the nongravid horn and the uterus becomes more abdominal as the amount of foetal fluid increases. The
cervix is pulled forward and lies just at the brim of the pelvis at 4 months, and by the fifth month the
uterus is completely in an abdominal position with a small degree of fluctuation, but the foetus is not
always palpable.
From the 6th month onwards the foetus can be palpated, first by ballottement, then the head and legs
become easily palpable as the foetus starts its ascent. Palpation of the foetus in a standing animal can
be very difficult at this stage of gestation.
By the 9th month movement can be observed by inspection of the right flank of the animal and
external signs such as an enlarged abdomen and udder are visible from about the 11th month.
Precise estimation of the stage of pregnancy by rectal palpation in the dromedary is not possible
beyond 3 months because of the absence of structures such as cotyledons and difficulty in reaching
the foetus (Skidmore, 2000).

Ultrasonography
Transrectal real time ultrasonography is a good method for determining pregnancy status in cattle,
horses and sheep. However, to safely perform rectal scanning in camels requires suitably restrained
camels to avoid injury to the operator (Figures 25 and 28).
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There is little published literature on the use of ultrasound for pregnancy diagnosis in camels, and
almost all of this material is specific to use in camels less than 3 months gestation.
Pregnancy in camels can be confirmed on transrectal ultrasound as early as 17 days of gestation under
ideal conditions and known mating dates (Vyas et al., 2002). This requires visualisation of a corpus
luteum and an embryonic vesicle within the uterus. The vesicle is almost always in the left horn of the
uterus. A heartbeat becomes discernible at 23-25 days of gestation. By day 55 of gestation the foetal
head, neck and abdomen can be visualised. But beyond day 60 the volume of foetal fluids have
increased to such an extent and the foetus lies well over the pelvic brim that it is difficult if not
impossible to locate (Skidmore, 2000). Chemical sedation of camels with 80-120 mg of xylazine
intravenously has been utilised for transrectal ultrasonography to maintain camels in sternal
recumbency (Vyas et al., 2002).
Practical experience under Australian conditions (Dr Margie Bale) has found that pregnancy can be
confidently diagnosed using transrectal ultrasound by 35 days of gestation. Although pregnancy can
be strongly suspected down to 21 days if mating dates are known and conditions ideal.
The issue with using transrectal ultrasound for pregnancy diagnosis in a group of feral camels is that
the stages of gestation observed are very spread out. That is the stage of gestation could be from
conception to the point of giving birth (~13 months). This is a different situation to what has been
published on the camel previously, which has typically been known mating dates, less than 3 months
gestation and examinations performed under ideal scanning conditions. As gestation progresses in the
camel the ability to identify definitive features of pregnancy diminishes. After 60 d of gestation the
presence of uterine fluid is largely all that can be used to determine pregnancy status. Unlike in cattle
there are no additional structures such as cotyledons that can be identified, and uterine artery changes
are not as defined in camels.
Transabdominal ultrasound (via flank) would seem appealing, but experience has shown that feral
camels do not tolerate touching the flank with a scanner probe and attempt to violently kick the
delicate electronic equipment from the operator’s hand. The limited depth of penetration of the
ultrasound beam is also an issue as some female camels can reach more 950 kg bodyweight. Only one
published study could be found on transabdominal ultrasound in camels for pregnancy diagnosis and
this was limited to repeated examination of the same six camels (Ali et al., 2015).

Measurement Techniques for Serum Progesterone
There are multiple methods of measuring serum or plasma progesterone concentration. A brief review
of the considerations and available methods is provided in this section.

Blood Sample Collection and Processing
Operator safety is of paramount importance when handling wild camels. Blood samples can be
collected from camels using vacuum tubes and 18G x 1.5-inch needles from the jugular vein or facial
vein (Figure 10,11). Some head restraint is usually required as camels tend to bite and can swing their
head violently. Although it is possible to collect samples from camels without crush restraint such as
in a race or temporary chute. Blood samples for progesterone are best collected into either lithium
heparin tubes or EDTA tubes. This way the tube can be spun down straight away and clot formation is
not required. Plain tubes can be used but will require time (1 hour) to clot before centrifugation and
serum recovery. Serum can be separated and stored frozen at -20°C until required for testing. Tubes
must be centrifuged to sediment the cells and the supernatant plasma used for progesterone
measurement.
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Figure 10. Collection of blood sample from the facial vein of a camel restrained with a simple
rope tie in a modified cattle crush.

Figure 11. Collection of blood sample by Dr Margie Bale from the jugular vein of a camel
restrained with a simple rope tie in a modified cattle crush.

18

Automated Immunoassay Analysers for Progesterone
A number of companies manufacture either fully automated or semi-automated immunoassay
analysers that can be used for accurate measurement of serum or plasma progesterone. Typically,
these analysers are capable of running multiple tests simultaneously and depending upon the
manufacturer can also be used for other hormones, antibodies or antigens depending upon test kit
availability. The automated systems usually have an internal robotic pipetting system, disposable
reagents, and options for computer linkage to laboratory information management systems. These
systems are generally not designed to be transported frequently and often require regular calibration,
user training and maintenance schedules to output reliable results. Specific models include the
miniVIDAS (Biomerieux, France), VIDAS (Biomerieux, France), and Immulite (Siemens, Germany).
There are a number of in-house bench top progesterone analysers marketed towards veterinary clinics,
typically used for estimating dog serum progesterone concentration to facilitate the timing of artificial
insemination. These analysers usually only run one sample at a time (e.g. Minitube) 3. Whilst adequate
for a single dog progesterone the throughput is too low for efficient field analysing blood samples
from say 100-200 camels per day.

Radioimmunoassay
Prior to the development of enzyme-based methods for measurement of progesterone
radioimmunoassay (RIA) was widely used. RIA methods typically require a radioactively labelled
progesterone tracer that competes with unlabelled progesterone in the sample for binding sites on an
antibody to progesterone. The main advantage of the RIA is that is it highly sensitive, although
currently available monoclonal antibody-based ELISA kits are now equivalent. The disadvantage is
that the method has slow turnaround time (usually 1-2 days) and requires use of radioactive materials
and their disposal. Consequently, RIA has now become almost obsolete for the measurement of
progesterone and enzyme based methods are now more commonly used.

Progesterone ELISA Kits
For those skilled in the art of microplate-based immunoassays, there are a large number of suppliers
of 96-well microplate progesterone ELISA kits. Typically, these consist of a break apart microplate
(12 x 8 wells), progesterone calibration standards (usually in human serum), buffers, enzyme labelled
tracer and wash solutions. Also required to run these are pipettes, microplate reader, and the software
to interpret results. These test kits are approximately $500-600 each, and when samples are run in
duplicate up to 36 can be run (incl. standard curve) per plate. Results can be generated manually
within 2-4 hours depending upon the length of sample and tracer incubation. Significant skill and
experience in running and troubleshooting microplate-based ELISA kits is required to generate
reproducible results. Microplate based kits for progesterone usually use a colour change enzyme
driven reaction, in many cases this is development of strong blue colour in wells of low progesterone
(Figure 12). It could be possible to visually read the plate, although accuracy reduces and it is nonquantitative. Visual reading would reduce the need for an expensive microplate reader ($15-20k). The
lack of colour development in a well would indicate inhibition of the enzyme activity due to
competitive binding of progesterone from the sample and pregnancy. There is limited and in most
cases no validation for camel use.

https://www.minitube.com/products/bovine/diagnostic-equipment/minireader-photometer-for-assay-ofprogesterone-in-serum-or-milk
3
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Figure 12. ELISA kit for measurement of serum progesterone concentration on a 96-well
microplate. Colour change intensity (blue) is inversely proportional to
progesterone concentration. That is, high concentrations are dark blue and low
light blue to clear. This photograph shows the plate immediately before adding the
stopping solution (acid) which causes the blue colour (370 nm) to shift to yellow
(450nm). Reading of the intensity of the yellow colour at 450nm wavelength allows
for generation of a standard curve of progesterone concentrations with which
unknown samples can be interpolated against.
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Results
Analytical Validation
Introduction
This work was undertaken to examine the analytical performance of the miniVIDAS progesterone
analyser specifically for camel serum.
To control for reagent variation between batches, from manufacturing of the test strip reagents, the
same lot number was used for all analytical validation studies.

Sensitivity
The lowest detectable concentration (i.e. sensitivity) of serum progesterone measurable by the
miniVIDAS analyser, that statistically can be distinguished from a sample containing no
progesterone, was established. The miniVIDAS analyser progesterone test data sheet states the
sensitivity to be >0.25 ng/mL and a maximum reportable value of 80 ng/mL. The manufacturer
defines the detection limit (sensitivity) as the smallest concentration of progesterone which is
significantly different from the zero concentration with a probability of 95%; stated as 0.25 ng/ml.
Values less than 0.25 ng per mL are reported by the analyser as “ <0.25 ng/mL” and not quantified.
Values above 80 ng/mL are not quantified and reported as “ >80 ng/mL”. These high concentration
samples could be diluted in a suitable buffer (e.g. blank serum) and reanalysed to definitively
determine their concentration if required. It was known from previous camel studies that 0.25-10
ng/mL was likely to be the range for the majority of serum samples.
To assess the sensitivity, blank (charcoal stripped) male camel serum was spiked with known amounts
progesterone and the raw data from the analyser was used to plot a standard curve (Figure 10) of
progesterone concentration and relative fluorescence (RFV). The analyser provides the RFVs on the
printed results (Figure 10) for each measurement, which are used to interpolate unknowns against a
standard curve to compute the progesterone concentration. The RFV is a measure of the intensity of
the fluorescent reaction occurring, and because this is a competitive ELISA format, higher RFV
means lower progesterone concentration. The background RFV is also provided on the test report
printout (Figure 30).
By measuring the RFV for blank camel serum spiked with progesterone (0, 0.3, 1.25, 2.5, 5, 15 and
40 ng/mL) a standard curve was plotted (Figure 13). The blank sample (0 ng/mL progesterone)
determines the lowest limit of detection. When this blank (zero progesterone added) is interpolated
against the standard curve for the specific lot number of the tests being run, it computes a value of 0.3
ng/mL.
Because this value is not zero even though the sample contains no progesterone it is indicating that
there is some non-specific binding of the monoclonal capture antibody used in the kits to undefined
camel serum components. For the purposes of detection of pregnancy in the camel this quantitative
difference is irrelevant.
The miniVIDAS analyser reports values higher when camel serum is run than for human serum, (for
which it was designed).
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Figure 13. Standard curve generated using the RFV raw data produced by the miniVIDAS
analyser.

Human-Camel Serum Parallelism
Analysis of the slope of the standard curves generated with progesterone spiked camel serum and the
human serum reference calibrator supplied with the miniVIDAS test kits shows the lines are parallel
(Figure 14).
This is interpreted to mean that they are both measuring the same analyte, but with a quantitative
difference between the two.
The camel serum samples spiked with progesterone produced a result in the miniVIDAS when
interpolated against the provided human standards that is approximately 50% higher than the known
spiked sample.
Parallelism was demonstrated between the two curves sufficient to conclude the miniVIDAS
progesterone system is valid for use in camels (i.e. it is measuring the same analyte).
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Rather than create a conversion factor for human v camel serum progesterone concentrations the
untransformed raw results generated by the analyser have been used throughout this report.

Figure 14. Predicted v measured progesterone concentration for human and camel serum.

Specificity
Test specificity is an important parameter of any immunoassay. In the context of ELISA, the term
refers to how specific the capture antibody is for the target molecule. The progesterone molecule is
structurally very similar to other steroid hormones and it is important to determine the extent of cross
reactivity with closely related steroids of biological significance.
The manufacturer of the VIDAS® Progesterone test strips provided data on the known cross reactivity
of the monoclonal antibody in the progesterone kit with other steroid hormones (Table 2). In practice,
the most relevant comparison is with measurement of progesterone concentrations in male and nonpregnant camels. Males generally have very low serum concentrations of progesterone, although not
zero, and in non-pregnant female camels it is similarly low.
An experiment was performed to evaluate the progesterone test specificity by measuring progesterone
in male camel serum, pregnant and non-pregnant camel serum using the miniVIDAS analyser and
VIDAS Progesterone test strips.
A steroid stripped camel serum was prepared by addition of activated charcoal (1% w/v) to male
camel serum, mixed by rocking for 1 hour, centrifuged at 14,000G for 5 minutes and steroid-free
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supernatant serum recovered. Charcoal is known to bind almost all steroid hormones and should
render the serum essentially ‘blank’ of steroids. This charcoal stripped serum sample was compared to
non-pregnant females, pregnant females and male camels.
The results (Figure 15) demonstrate excellent test specificity of the miniVIDAS in distinguishing
between the different classes of animals. The manufacturer’s data on cross reactivity further supports
the highly specific detection of progesterone in camel serum by the monoclonal capture antibody used
in the kits.
The specificity validation testing demonstrated satisfactory results for distinguishing between
different classes of camels.

Table 2. Capture antibody cross reactivity with similar steroids in the VIDAS® Progesterone
test strips. Data supplied by the progesterone test strip manufacturer (Biomerieux,
France).
Tested compounds

Cross-reactivity (%)

Progesterone

100.00

20 alpha-hydroxyprogesterone

0.03

6 beta-hydroxyprogesterone

0.29

16 alpha-hydroxyprogesterone

0.20

17 -alpha hydroxyprogesterone

1.18

Deoxycorticosterone

1.15

Corticosterone

0.09

Testosterone

0.01

Estrone

0.01

Estradiol. Estriol.

< 0.01
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Figure 15. Serum progesterone concentrations measured using VIDAS® Progesterone test
strips as an indicator of test specificity in male, pregnant female and non-pregnant
female camels. Pregnant female camels are readily distinguished from nonpregnant and males. Male camels had lower mean progesterone concentration than
non-pregnant females thus demonstrating excellent test specificity. Mean
progesterone concentrations are shown.
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Repeatability
It is necessary to describe and understand the variation of a test system when repeated measurements
are made of the same sample. This experiment was conducted to assess the repeatability using camel
serum and measure the coefficient of variation (CV) of a range of known progesterone concentration
samples.
To measure the variation or reproducibility of tests results in the miniVIDAS analyser a series of
progesterone spiked male camel serum samples were prepared at 0, 0.3, 1.25, 2.5, 5, 15 and 40
ng/mL. This range of progesterone concentrations would be within the expected physiological range
for pregnant and non-pregnant camels. Spiked samples were run in quadruplicate and the coefficient
of variation calculation as a percentage. The VIDAS® Progesterone reagents were all selected from a
single manufacturing batch.
The miniVIDAS produced highly repeatable results with lower CVs for samples of higher
progesterone concentration, typical of competitive immunoassays (Table 3, Figure 16). Around the
cut-off plasma progesterone concentration for pregnancy (1.25 – 2.5 ng/mL) the CV was 6.7 to 4.8%
which is acceptable for immunoassays of this type. The results in male camel serum were comparable
to the values printed in the manufacturer test kit datasheet for human samples.
Across the range of progesterone concentrations analysed the results were remarkably consistent with,
as expected, higher variation observed for samples with the lowest progesterone concentration.
It was concluded that the miniVIDAS was able to generate highly reproducible results over the range
of physiological concentrations of progesterone likely to be observed in camels.

Table 3. Variation in measurement of progesterone spiked camel serum samples assayed in
quadruplicate.
Progesterone
Concentration
(ng/mL)

Number of samples

CV (%)

0

4

19.6

0.3

4

12.1

1.25

4

6.7

2.5

4

4.8

5

4

2.9

15

4

3.0

40

4

1.9

26

Figure 16. Coefficient of variation (%) for measurement of camel serum progesterone of known
concentration (0, 0.3, 1.25, 2.5, 5, 15 and 40 ng/mL) assayed in quadruplicate.

Effect of Sample Volume
The study was undertaken to evaluate the effect of filling the sample well with 0.05, 0.075, 0.1,
0.2,0.25, 0.3 and 0.4 mL of serum. The receptacle in the test strip can be filled to a maximum of 0.4
mL. The manufacturer recommends a fill volume of 0.2 mL. This would reflect inaccurate pipetting
or use of non-calibrated transfer device such as plastic disposable pipette.
A sample of camel serum containing progesterone was pipetted in different volumes into the sample
receptacle and assayed in triplicate. All test reagents were from the same manufacturing batch.
Sample well volumes less than 0.2 mL showed a linear reduction in measurable progesterone
concentration with volume (Figure 17). Volumes of serum greater than 0.2 mL measured the same
progesterone concentration as the 0.2 mL sample, thus supporting the manufacturers recommendation.
The miniVIDAS analyser does not provide any warning or error alert that the sample volume is low.
The implication is that unless at least 0.2 mL of sample is placed into the well the concentration of
progesterone may be reported as lower than what it really is, and the camel potentially misdiagnosed
as non-pregnant.
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These results can be interpreted that fill volumes lower than 0.2 mL will significantly underestimate
of the concentration of progesterone present and may result in a camel that is pregnant being
classified as non-pregnant.

Figure 17. Effect of volume placed into the sample well on the measured concentration of
progesterone. Serum samples assayed in triplicate at each sample volume data
point and the mean (±SD) values shown.

Stability of Progesterone in Camel Whole-Blood Samples
The stability of the analyte (progesterone) in uncentrifuged whole camel blood collected into plain
vacutainer tubes was evaluated at zero, one, three and seven days post-collection following storage at
either refrigerated (2 - 8°C) or room temperature (18-26°C). Blood samples were collected into
multiple plain vacutainer tubes from each of six pregnant camels. Samples were held at the respective
time and temperature prior to centrifugation and then frozen (-20°C) for later analysis in duplicate.
There was minimal effect on serum progesterone concentration measured as a result of either storage
time, or temperature for up to three days (Figure 18). Progesterone tended to be lower after seven days
storage at either temperature. Storage at room temperature for seven days also resulted in marked
visible haemolysis of the serum following centrifugation (see Figure 19).
Unlike in cattle, progesterone is very stable in stored whole camel blood and this would allow for
transport of uncentrifuged (or unrefrigerated) tubes to either a laboratory or to the miniVIDAS
analyser with confidence there is minimal storage or temperature effect.
In conclusion, progesterone is very stable in camel whole blood samples when stored either
refrigerated or unrefrigerated for at up to three days.
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Figure 18. Effect of storage temperature and time on serum progesterone. Results shown are
pooled from both storage temperatures as there was no significant difference in
mean progesterone concentration.

Figure 19. Effect of storage of whole blood samples prior to centrifugation at room
temperature for zero, one, three and seven days (L to R). Storage of blood samples
at room temperature for more than three days tended to cause a slight reduction in
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measured progesterone and markedly increased the degree of haemolysis in the
sample following centrifugation.

Lyophilisation of Camel Serum Progesterone Standards
This study was undertaken to create a stable set of known concentration camel serum progesterone
samples by lyophilising camel serum using freeze drying conditions typically used for human serum.
A set of camel serum samples containing known concentration of progesterone were lyophilised in
5% sucrose buffer to serve as stabilised calibration samples. The diluent used was prepubertal male
camel serum which contained very low progesterone concentrations (0.30 ng/mL) when measured
with miniVIDAS.
Sterile serum vials were filled with 2 mL of each standard (0, 1.25, 5 and 40 ng/mL), partially
stoppered and freeze dried (Figure 20) using a typical cycle used for biologicals over 30 hours.
Stoppers were inserted under vacuum. Immediately prior to lyophilisation powdered sucrose was
added to the serum at 5% (w/v) concentration to serve as a stabiliser and improve the freeze-dried
protein cake. Vials were weighed pre- and post-drying to ascertain the water loss.
Upon completion of the lyophilisation cycle, the sample vial was rehydrated with 1.88 mL of water
for injection and mixed for 10 minutes. The concentration of progesterone was measured in duplicate
using the miniVIDAS analyser and compared to the original liquid sample.
No difference in progesterone concentration was observed in duplicate samples and the lyophilised
camel serum was readily rehydrated within two to three minutes (Table 4).
These camel serum progesterone reference standards may be useful if another laboratory or other
portable analyser system was evaluated in future. The lyophilised standards were stored at -20°C.
In conclusion, lyophilised camel serum progesterone reference samples are likely to be useful for
other laboratories to calibrate new progesterone assays specifically for camels.
Table 4. Effect of lyophilisation on progesterone concentration measured by miniVIDAS
analyser pre- and post freeze drying camel serum standards spiked with
progesterone at known concentrations.
Pre-Lyophilisation

Post-Lyophilisation

Progesterone
(ng/mL)*

SD

N

Progesterone
(ng/mL)

SD

n

0.30

0.057

2

0.33

0.035

2

2.06

0.155

2

2.00

0.155

2

7.40

0.389

2

6.91

0.233

2

64.43

0.693

2

63.08

0.403

2

*Concentration reported by miniVIDAS analyser.
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Figure 20. Lyophilised progesterone calibration samples prepared in prepubertal male camel
serum.

Effect of Abnormal Reagent Storage Conditions on Test Performance
This study was undertaken to assess the effect of abnormally high and prolonged temperature
exposure on the VIDAS® Progesterone reagent test kits (Figure 31).
To assess the effect of prolonged elevated storage temperature on the performance of the VIDAS®
Progesterone assay 12 strips were stored in a temperature-controlled incubator set at 37°C ± 1°C for
seven days. At the end of the seven-day hold period camel serum samples containing 0, 1.25, 5 and 40
ng/mL were assayed in triplicate using these strips. The camel serum samples remained stored at 2 8°C throughout. The raw data (RFV values), background and interpolated progesterone results were
compared.
Heating of the reagent strips at 37°C for seven days had relatively minor effect on the measured
progesterone concentration reported by the analyser (Table 5). As observed previously, the
progesterone spiked camel serum measured higher in the analyser due to the use of human reference
standards. However, heating did affect the background RFVs which were markedly increased after 7
days (Table 6). The significance of this is that exposure of the test reagents to 37°C for 7 days has
minimal effect on measured progesterone reported by the analyser but does reduce the test sensitivity
through higher background readings. In practice this has no effect on discriminating pregnant from
non-pregnant camels when a cut-off value of 2.00 ng/mL is used.
In conclusion, storage of test strips at 37°C for seven days had minimal effect on measured serum
progesterone but did increase the background readings thereby slightly reducing sensitivity.
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Table 5. Effect of heating test reagent strips and sample receptacle for 7 days at 37°C in
comparison to fridge (2 - 8°C) storage on the reported progesterone value. Results
shown are the mean values of triplicate samples and standard deviation of the
mean (SD).

Spiked Sample
(P4 ng/mL)

7d @ 37°C
P4 (ng/mL) (n=3)

SD

7d @ 2 – 8°C
P4 (ng/mL) (n=3)

SD

0.00

0.72

0.06

0.49

0.08

1.25

2.54

0.08

2.36

0.05

5.00

8.26

0.36

8.36

0.34

40.00

61.20

1.29

67.62

1.93

Table 6. Effect of heating test reagent strips and sample receptacle for 7 days at 37°C in
comparison to fridge storage on the background Relative Fluorescence Values
(RFV). Results show are mean values of triplicate samples and standard deviation
of the mean (SD).

Spiked Sample
(P4 ng/mL)

7d @ 37°C
Background RFV

SD

7d @ 2 – 8°C
Background RFV

SD

0.00

383.67

2.08

136.33

0.58

1.25

386.67

0.58

135.67

2.52

5.00

381.00

1.73

133.33

0.58

40.00

382.33

1.15

131.67

1.53

Commercial Microplate ELISA Kit v miniVIDAS
This experiment was conducted to compare a commercially available microplate-based ELISA
progesterone kit (see Appendix, Demeditc Gmbh E1561) with the miniVIDAS. The issue being
addressed was if a microplate kit provided equivalent results to the analyser. The Demedetic branded
kit was chosen because its use had been documented in a number of publications on camel
reproduction (Swelum et al., 2018).
Standard curves were compared using the human serum supplied with the kit and camel serum
standards prepared as described earlier. The two curves were parallel, and this was taken to
demonstrate that the ELISA is measuring the same thing in both (Figure 21). There was excellent
quantitative agreement between the human and camel serum. Analysis of replicates showed tight
grouping of results when run in triplicate with the mean CV (%) of all replicates being 2.8% (Figure
22). A correlation analysis of the two standard curves showed they were highly correlated (r=0.93)
and curve fits using four-parameter equations were excellent with R2=0.98 for both. It was concluded
that the human serum standards supplied in the ELISA kit could be confidently used to measure
progesterone in camel serum.
Serum samples from 32 pregnant camels were measured with both the miniVIDAS and Demedeitic
ELISA kit. A linear regression analysis of camel serum samples run on the miniVIDAS analyser and
compared with the Demedetic progesterone kit showed excellent quantitative agreement with R2=0.86
and significance of P<0.001 after excluding three samples (Figure 23).
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Serums samples from seven male camels were assayed for progesterone in both test systems. The
agreement between the results was excellent with r=0.96 and significance of P<0.001.
There may be an interfering substance present in the camel serum from the individual camels that led
to interpolation of high progesterone results in the microplate ELISA kit. This kit uses a monoclonal
antibody against progesterone, and it is known that some monoclonal antibodies can have result in
non-specific interactions with the matrix or buffer. It is possible that a microplate-based kit using a
polyclonal anti-progesterone antibody may yield a closer correlation.
In this study we have assumed the miniVIDAS test system to be true (i.e. gold standard) but this may
not necessarily be the case. Further studies would be required with this particular microplate-based kit
to validate it for use if reliable quantitation is required. However, the Demeditic kit did perform
satisfactorily for binomial diagnosis of pregnancy.
It was concluded that the Demeditic 96-well progesterone ELISA kit performed satisfactorily for
pregnancy diagnosis although quantitative differences were found with the miniVIDAS system.

Figure 21. Comparison of standard curves generated using the microplate progesterone ELISA
kit (Demedetic GmBH, E1561) using the supplied human standards and camel
serum progesterone standards.
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Figure 22. Replicate coefficient of variation (%) for the Demedetic microplate progesterone
ELISA.

Figure 23. Linear regression analysis of progesterone values obtained from the camel serum
samples measured in both the miniVIDAS and Demedetic ELISA kit showing
excellent agreement with R2=0.86..
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Determination of Cut-off Plasma Progesterone Concentration for
Pregnancy Diagnosis
This study was undertaken to determine the serum minimum concentration of progesterone reported
by the miniVIDAS analyser that would reliably distinguish pregnant from non-pregnant camels.
To determine the cut-off plasma progesterone concentration for pregnancy diagnosis groups of
pregnant and non-pregnant camels were compared. Pregnancy was determined by rectal palpation and
transrectal ultrasonography (Figures 25 and 28). Camels were at random stages of gestation or
unmated. The stage of gestation was unknown for some camels. At the same time as the scan a LiHep
blood sample was collected and a single plasma progesterone concentration measurement was made
using the miniVIDAS analyser (Figure 29 and 31).
Descriptive statistics generated for progesterone concentrations for each population. Plots of the
distribution of plasma progesterone concentration for both non-pregnant and pregnant camels are
shown in Figure 24.
The cut off value for pregnancy was calculated being three standard deviations (i.e. >99%) higher
than the mean value of the non-pregnant group. The combined results (150 pregnant and 66 empty) of
all progesterone measurements and scans is shown in Figure 24 and Table 7. A cut-off value for
progesterone in non-pregnant was calculated as three standard deviations above the mean of the nonpregnant (empty) camels or 1.64 ng/mL. Any result below this value can be interpreted with 99%
confidence that the camel is non-pregnant.
The minimum progesterone concentration for any of the pregnant camels tested was 2.28 ng/mL. For
practical purposes we can confidently adopt a value of 2.00 ng/mL as being the lowest concentration
of progesterone consistent with pregnancy. Analysis of serum/plasma progesterone concentrations in
dairy camels known to be less than four months pregnant is shown in Figure 26. Values above 20
ng/mL were obtained in camels that were known to be early pregnant (less than six weeks) and these
higher concentrations are consistent with published data (Figure 26). Analysis of serum/plasma
progesterone concentration in non-dairy camels is shown in Figure 27. Mean concentrations were
similar, although slightly lower than for dairy camels. This may reflect diet or metabolic differences.
Table 7. Descriptive statistics for the combined serum/plasma progesterone (P4) concentration
(ng/mL) data for all pregnant and empty camels.
Parameter

Pregnant

Empty

Number of values

150

66

Minimum

2.28

0.25

25% Percentile

7.77

0.42

Median

9.48

0.58

75% Percentile

11.98

0.81

Maximum

35.13

1.62

Range

32.85

1.37

Mean

10.04

0.65

Std. Deviation

4.18

0.33
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Figure 24. Combined results comparison of serum/plasma progesterone concentrations
measured by miniVIDAS in pregnant (n=150) and empty camels (n=66). Mean and
SD are shown in opposite colours as horizontal lines.
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Figure 25. Dr Margie Bale performing a transrectal ultrasound examination for pregnancy in a
camel restrained in a crush. Note the low backing gate protecting the operator from
kicks.
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Figure 26. Distribution of plasma progesterone concentrations in pregnant (dairy) camels less
than four months pregnant. The red dotted line show the mean concentration of
plasma progesterone. F13 and F14 are individual camels that were early pregnant
(less than six weeks) at the time of blood sampling and previous research has
shown that in early gestation plasma progesterone concentrations are high.
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Figure 27. Distribution of plasma progesterone concentrations in non-dairy camels both
pregnant (unknown stage of gestation) and non-pregnant. Dotted horizontal line
shows the cut-off value (three times the SD of mean of non-pregnant camels) for
discrimination (99% confidence) of pregnant from non-pregnant.
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Figure 28. Transrectal ultrasound images of pregnant and non-pregnant uterus of camels
taken using the BCF ultrasound scanner. The bottom right image shows a nonpregnant camel uterus with some fluid in the uterine horns; all the other images are
of pregnant camels
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Figure 29. MiniVIDAS analyser as setup under laboratory conditions. The analyser has two
trays (channels) on the left side which are capable of running six tests
simultaneously. Both trays can be run together giving a combined throughput of 12
progesterone tests per 45 minutes. Results are printed on the inbuilt thermal
printer on the upper right side. Sample and IDs are entered using the numerical
keypad.
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Figure 30. Example of progesterone results printout from miniVIDAS analyser showing the
interpolated result in bold, the background RFV reading and sample RFV reading
used for interpolation of the progesterone concentration. Quality control data for
the standard used, reagent lot numbers and assay run date are also printed. These
result sheets are printed on thermal paper and will slowly fade over time (>12
months). A permanent record could be made by scanning and electronic archiving
these results. Turning off power to the analyser deletes all stored data from
previous runs so it is necessary to manually archive the printed results.
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Figure 31. Disposable ready-to-use progesterone test strips showing the sample loading well
on the far left (below ‘VIDAS’) and liquid filled wells containing reaction reagents.
The recommended storage conditions are refrigeration at 2 - 8°C. A Lot No. is
printed on each test strip and when the test Lot changes a calibration run must be
performed which requires four test strips.

Field Operation of miniVIDAS Analyser
Requirements
To use the analyser for pregnancy diagnosis in the field, or outback conditions, there are a number of
considerations. During the project the analyser was transported by road over 3,000 km in the
manufacturer supplied transport box and packing (Figure 32). One problem was experienced whereby
only one of the two test channels could be used at the destination. This was later determined to be due
to vibration of the metal warming trays resulting in a mechanical jam and was easily fixed by a
manufacturer technician. The machine was still operable but only at half the speed. Foam transport
pads should be placed inside the analyser to reduce this happening. Surprisingly, the analyser
appeared quite robust considering it was designed primarily for a single site laboratory environment.
The miniVIDAS is a well-built machine requiring little (but not none) maintenance and veterinary
practices using these have had over 20 years lifespan from earlier models.
Operators: blood collection and sample testing in the miniVIDAS could be performed by a single
user but the throughput would be greatly reduced. The ideal scenario would be to have one blood
sample collector and one technician processing blood samples and operating the analyser. Collection
of blood samples from camels is relatively simple and an intuitive technician could learn the skill very
quickly.
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Electricity: the analyser requires 240V and 1.2 amps power to run, which could be supplied from a
high-grade DC inverter or portable generator. The centrifuge has similar power requirements to the
miniVIDAS.
Refrigeration: a transportable refrigerator such as Engel or Waeco brands would be ideal to maintain
refrigerated storage of the test kits. Although they appear to work satisfactorily when left out of the
refrigerator the delicate chemistry does degrade and we observed elevated background readings which
decrease sensitivity.
Centrifuge: lithium heparin coated vacuum tubes are ideal as they can be spun immediately
following collection and the plasma used for the progesterone measurement. For this work we used a
simple 12 tube unit which could spin at 4200 rpm. Centrifugation cycles of 10-15 minutes are
adequate to separate the red cells from the plasma.
Temperature controlled, low dust room: the analyser requires an operating environment of 15°C to
30°C. Dust is an issue as the machine is really designed for indoor use. Based on the work in this
project we could not recommend the miniVIDAS be run next to typical outback cattle or camel
handling yards. Ideally the analyser would be setup in a room that has some temperature control. The
centrifuge should also be run in this room. The portable fridge would be used to hold reagents and
blood samples.
Transport: the miniVIDAS is a bulky piece of equipment to transport. When packed into the
transport box supplied by the manufacturer it exceeds the maximum dimensions allowable on
commercial flights. In the box the total linear dimensions (length + height + width) = 205 cm. The
maximum allowable on commercial flights in Australia varies depending on airline and ticket class
but is in the range 115 cm to 158 cm. The total weight is also an issue for airlines as packed with all
accessories and box it weighs 47 kg with airlines requiring checked luggage typically less than 32 kg.
By removing some of the accessories the total weight can be reduced to approximately 35 kg. During
this project it was found that transport of the miniVIDAS analyser was best done by placing it on a car
seat and wrapping a seat belt around it. Courier transport of the analyser packed in the manufacturers
box is an option and this was completed with TNT without issue during the project. Ideally, a large
vehicle with a rear canopy or enclosed section would be desirable. A caravan or mobile building of
some type would also be a good operating and transport environment.
There are three issues relating to temperature and this method of pregnancy testing. These are: test kit
reagent storage, blood sample storage and machine operating environment temperature.
Firstly, the reagents used in the consumable test kits should ideally be stored at the recommended
refrigerated conditions of 2 - 8°C. The effect of abnormally high reagent storage conditions (37°C for
seven days) was examined in the work and found to have only minor effects on results. The stability
data generated revealed under minor changes to the results obtained on a standard set of serum
samples. Although the background (noise) generated in the assay was much higher and this will
reduce the sensitivity of the reagents. The authors feel that this data does not support the storage at
37°C it merely shows that short term (less than seven days) high temperature exposure is not ‘fatal’ to
the reagents and that wherever possible the reagents should be held constantly refrigerated. This is
very feasible using a portable vehicle refrigerator (e.g. Engel, Waeco).
Secondly, the storage temperature of blood samples is also of key consideration to maintain consistent
quality control. The work has shown that storage of whole blood samples at room temperature for up
to seven days had little demonstrable effect on the concentration of serum progesterone measured by
the miniVIDAS analyser. However, it did result in marked breakdown of camel blood cells
(haemolysis) which is generally undesirable for clinical samples. Storage of the paired blood samples
under refrigerated conditions resulted in less haemolysis although similar progesterone measurements.
Issues with bacterial contamination of blood samples are possible when stored at room temperature
for more than 3 days. Skin bacteria could inadvertently enter the needle upon skin puncture and the
resulting bacterial growth would be problematic, although not examined in this study. The
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recommendation would be to immediately store whole blood samples under refrigerated conditions
whenever possible bearing in mind that three days at room temperature is unlikely to be detrimental.
Thirdly, the miniVIDAS analyser must be operated in environmental conditions of no more than
30°C. This is because during the running of the test the machine applies a controlled time and
temperature incubation step of 37°C to the reagent trays. Typically, the machine would be operated in
a laboratory environment where room temperature of say 18-25°C would be controlled. The analyser
will report errors and not run if the ambient temperature is outside of the specified operating
conditions of 15-30°C. Dust is also a problem due to the sensitive optics and the manufacturer
recommends running indoors only. Humidity is of less concern and the manufacturer specification is
quite broad at 10-80% and not to exceed 90% during storage. The studies conducted did not evaluate
running the machine outside of its specified operating conditions, rather the blood samples and
reagents were evaluated.
The conclusions from the temperature studies and experience with the machine is that portable
refrigeration is highly desirable, and the machine should only be operated in a dust free, indoor
environment of 15-30°C. These conditions could easily be obtained in a station homestead, motel,
office, or other portable building. The miniVIDAS is not suited to running ‘crush-side’ unless the
above conditions can be met. The practicalities are further discussed under the Field Operation section
titled ‘Modes of Operation’.

Modes of Operation
There are a number of modes of using the analyser to pregnancy test camels under outback Australian
conditions depending upon the required speed of obtaining a result.
1. Sample and store whole blood tubes. The first mode of operation is sampling only. This work has
demonstrated that progesterone is very stable in non-refrigerated whole camel blood and that three
days after collection progesterone is unchanged and only minor effects out to seven days.
Refrigeration would improve stability and reduce sample haemolysis further. Samples could then be
transported to a commercial laboratory or veterinary practice. This approach would require holding
until, or re-mustering camels once the results are known, and temporary identification of camels. One
advantage is that the only limiting factor is how fast blood samples could be collected. We estimate
that 100-200 samples collected per day per operator in a single crush or race is feasible depending
upon how quickly camels could be loaded and the number of camel herders.
2. Sample, spin and chill/freeze plasma in the field. The second mode of operation would involve
collection of blood, separation of the plasma and its chilled (4°C) or frozen (-20°C). storage. This way
samples could be assayed more than 1 week later without any effect on the progesterone
concentration. Samples could be spun down under relatively harsh conditions as the centrifuge is
much more robust than the analyser. A portable fridge/freezer unit would then be used to stored
labelled samples. Camels would need a semi-permanent form of identification such as ear tag or
collars. Frozen samples could be shipped to a commercial diagnostic laboratory days/weeks/months
later without any detrimental effects. Fresh liquid plasma could be transported provided refrigeration
is maintained, however beyond seven days the plasma sample quality may be degraded. The big
downside to this approach is that results are quite delayed leaving time for more camels to become
pregnant if males with them and occasional spontaneous abortion of pregnant camels if many weeks
elapse.
3. Sample, spin and assay fresh plasma. The third mode of operation would be to collect fresh blood
samples, centrifuge immediately and analyse. The analyser takes 45 minutes to run 12 samples at a
time. Realistically it would be possible to report results from 12 camels every hour in the field.
Camels could be drafted upon pregnancy status and transported immediately. Some temporary
identification would be required such as a spray marked number on the flank. If we assume a ten-hour
collection period, then approximately 120 samples could be run for progesterone concentration in a
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day using the miniVIDAS. This approach would require two operators (sampler and technician) to
achieve these rates.

Options for Increasing Throughput
A larger analyser called the VIDAS is manufactured by the same company (Biomeriuex, France). The
VIDAS has five channels (six tests each) and can run 30 tests simultaneously. This analyser is
approximately 50% more in price than the miniVIDAS but uses exactly the same reagent sets.
Increased throughput could also be achieved by running the miniVIDAS for 20 hours per day and
collecting up to 250 samples. A second technician could run these additional samples during the
evening/night and provide results by next morning. Camels could still be drafted based on pregnancy
status within 24 hours of yarding.
The pregnancy diagnosis system can be run with one operator, but the throughput will be much lower
if trying to collect and test samples simultaneously. For small numbers of camels (<100 per day) one
operator would be adequate. For larger numbers though one operator could also collect samples
continuously, refrigerate for up to seven days, then test in analyser. Having two operators would allow
for more rapid turnaround. To increase throughput the larger model analyser (VIDAS) could be
purchased which can process 30 samples in 45 minutes (cf with 12 per 45 mins for miniVIDAS). The
strategy for mass throughput would require some planning for each specific campaign and depend on
available facilities and support staff.

Economics
The miniVIDAS analyser retails new for approximately $AUD40,000. Each box of 60 tests costs
approximately $600 or $10 per progesterone measurement. Commercial diagnostic laboratories
typically charge $60 for one serum progesterone measurement. Biomerieux has an Australian office.

Users
The most likely users would be veterinarians acting on behalf of either camel buyers or sellers. This is
because they are most familiar with this type of system (blood collections, sampling handling and
hormone analysis). Many veterinary clinics would have a miniVIDAS analyser already for dog and
horse serum progesterone measurements.
It would be simple to train a lay person to collect blood samples and this was done during this project.
Camels are very easy to collect blood samples from the jugular vein. Attention to detail with camel
identification and clear tube labelling are critical. Blood samples could then be submitted to a
veterinarian for testing or perhaps directly to a laboratory. For very large pregnancy testing campaigns
(eg >1000 head) then multiple collectors would be required.
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Figure 32. Transport of miniVIDAS analyser in the back of a vehicle to camel facilities.
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Implications
This project has developed a simple, safe and reliable method of pregnancy diagnosis suitable for use
on Australian feral camels. The pregnancy test method now creates potential for buyers to confidently
obtain camels with the pregnancy status they desire.
Camel dairies can now more confidently purchase animals that can be efficiently managed. Camel
sellers now have a means of providing some market assurance to buyers on the pregnancy status of
wild camels and this would likely lead to premium prices being paid. This premium is likely to be of
the order of 20 to 30% of the sale price due to the high costs of transporting unsuitable camels to their
destination farm. Ideally the pregnancy status of camels would be determined at their point of capture
so that buyers know what they are purchasing immediately prior to long and costly transport.
The pregnancy testing method developed in this project is also very safe for both camel and tester.
This is appealing to those likely to perform the pregnancy diagnosis, such as veterinarians.
The development of a tool such as this also creates opportunities for better management of farmed
camels by manipulating available nutrition based on camel pregnancy status, as is often done with
sheep and cattle (Figure 33). Early detection of poor performing male camels is now possible in
situations where mating is monitored.
The provision of a camel pregnancy testing service using serum progesterone presents a unique
business opportunity for a regional and innovative veterinarian or practice to provide.

Figure 33. Farmed camels in western Queensland. Camels are in good body condition and are
grazing Mulga country as part of a land regeneration program. Knowledge of the
pregnancy status of camels would improve their general management.
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Recommendations
Dissemination of Fact Sheet to Australian Cattle Veterinarians: The use of serum progesterone as
a simple method of pregnancy diagnosis in camels is most relevant for veterinarians practising in
regions of Australia where camels are found. Veterinarians are relatively familiar with using serum
progesterone as a reproductive management tool, typically in dogs and horses. Many veterinary
practices in Australia already have a miniVIDAS analyser for performing in-house progesterone
assays. These veterinarians need to be made aware of the usefulness of measuring camel serum
progesterone for reliable diagnosis of pregnancy. Many veterinarians in areas with feral camels are
likely also performing cattle veterinary work. An effective medium to reach these practitioners is via
the Australian Cattle Veterinarians (ACV) group, which is part of the Australian Veterinary
Association. The publication of a simple two-page Fact Sheet that summarises the work of this project
will be submitted to the quarterly journal of the ACV.
Presentation to ACV members. A short presentation of the results of this work is planned to be
presented at the ACV annual conference.
Raise camel industry awareness. The Fact Sheet will be distributed to camel industry persons
through the Australian Camel Products Industry Association and to individual producers.
Reference samples. Pregnant camel serum samples will be made available to commercial diagnostic
laboratories that do not use the miniVIDAS test system but wish to calibrate and validate their own
assay systems for pregnancy diagnosis in camels.
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Appendix
MiniVIDAS Analyser
The miniVIDAS analyser, progesterone tests kits (VIDAS® Progesterone, REF 30 409) are available
from:
bioMerieux Australia Pty Ltd
Unit 25, 1 Maitland Place Baulkham Hills NSW 2153
https://www.biomerieux.com.au/

VIDAS® progesterone (PRG)
Kit of reagents for performing progesterone ELISA using miniVIDAS analyser.
Reference No. 30 409-1. 60
PRG reagent strips, 60 sample receptacles, progesterone control lyophilised serum (human) 1x3mL,
progesterone calibrator serum 2 x 4mL lyophilised (human).

Demedetic Progesterone ELISA Kit
Microplate based progesterone ELISA in kit form.
https://www.demeditec.com/en/products/progesterone-elisa-de1561
Australian distributer (Cat. No. DMDE-1561):
abacus dX, PO Box 446, Waterford, QLD, 4133. Australia. Tel: 1800 222 287
https://www.abacusdx.com/

BCF Ultrasound
Transrectal ultrasonography equipment used on camels:
BCF Easi-Scan Curve with a 3 – 7 mHz curved rectal probe
BUG Binocular HMD goggles
http://www.bcfultrasound.com/product/easi-scan-curve/
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