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Abstract: In the Asian elephant (Elephas maximus), progesterone products Sa-pregnane,
3a-hydroxypregnane and 17a-progesterone can be measured as a predictor of impending parturition?.
Measurement of a sudden decrease in blood progesterone levels is considered one of the most
objective ways to predict impending parturition in elephants, and previous trends of serum
progesterone in the final stages of ten elephant pregnancies at the study collection showed that the
pregnancy progesterone values halved approximately five days prior to actual parturition. Point of
Care (POC) tests eliminate the cost involved in transporting samples to an external laboratory and
provide an almost instant result, facilitating decision making with regards to animal monitoring and
management. The aim of this study was to investigate the ability of the AgPlus Point of Care

Immunoassay System to measure 4-pregnen-3,20-dione in pregnant elephant samples and adapt the
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method for detection of the pre-parturient progesterone decrease. Frozen serum samples of two
pregnant elephants (N = 86), and fresh serum samples of one pregnant elephant (N = 11) were
analysed using both the POC method and a radio-immuno-assay in a reference laboratory. Statistical
analysis of the data showed that there was no significant difference between the two methods for
detection of the progesterone drop, indicating that the POC method can be considered appropriate for

use in elephant parturition prediction.

INTRODUCTION

Elephants have the longest gestation of any mammal, with published times ranging from 637 to
686 days in Asian elephants (Elephas maximus) . At the study collection, the mean gestation
length with a known mating date is even longer at 661 days (N = 10, range 630-700 days).
Parturition prediction based on gestation length is therefore not accurate. Although parturition
prediction is possible through recording of behavioural and visible changes, the most accurate
and objective way is by i) the measurement of blood progesterone products (such as 5a-
pregnanes’ and 17a-hydroxy-progesterone>*%), showing a drop to baseline at parturition®®,
and ii) transrectal ultrasonographic visualisation of dilation of the cervix, the latter giving a
12-24h warning of impending parturition®. To be able to detect this sudden drop in serum
progesterone products, analysis of serial blood samples during the later stages of pregnancy
will determine pregnancy levels. As a drop in progesterone products can be followed by

parturition within one day®*, swift same-day analysis of the samples is ideal.

Point of Care (POC) tests are diagnostic tests that can be carried out near the patient. A
variety of biochemical analysers have been developed and improved for use in standard
veterinary practice>*¢, Several POC tests are available for reproductive hormone

measurements in veterinary medicine, including for instance the recent development of



measurement of progesterone in the milk of cattle!”, but as yet no POC test has been

developed for the measurement of elephant progesterone products.

The aim of this study was to adapt and validate a recently developed rapid, quantitative
diagnostic platform technology for use in POC applications, the canine POC Progesterone
Immunoassay System (AgPlus Diagnostics Ltd, The Exchange, Colworth Science Park,
Sharnbrook, Bedford, UK) for the use of blood progesterone measurements in Asian
elephants, to facilitate fast, reliable and cost-effective in-house blood progesterone
measurements in the final stages of pregnancy, assisting accurate parturition prediction. For
this approach to be valid, we would expect that blood progesterone product concentrations
measured using the AgPlus canine progesterone POC assay to correlate closely with
concentrations measured using a reliable laboratory-based radio-immune-assay, or less
stringently, that the two assays should at least detect pre-partum falls in progesterone
products equally reliably. We therefore i) tested the correlation between progesterone product
concentrations measured on the same samples using the two assays; and ii) tested whether
pre-partum falls in concentration could be detected with the same degree of statistical

certainty by the two assays.

MATERIALS AND METHODS

Data of serum Iprogesterone measurements bf blood samples collected during the final weeks
of pregnancy of nine pregnancies in four elephants at the study collection were reviewed. The
average time of halving of progesterone product levels was calculated using the data of seven
of these pregnancies. Serum samples taken during the same time frame and stored at -20°C
were available for two pregnancies of two different elephants. Fresh serum samples were

collected during a tenth pregnancy at the collection.
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Eighty-three samples had been submitted at the time of sampling to a reference laboratory
(Nationwide Specialist Laboratories, London Rd, Pampisford, Cambridge CB22 3FJ, UK) to
obtain progesterone measurements using a radioimmune assay*? (IM1188, Backman
Coulter®, Life Sciences Division Headquarters, 5350 Lakeview Parkway S Drive,
Indianapolis, IN 46268, United States), with known cross-reactivity with Sa-pregnane. Of
these, 73 duplicates were available for this study. In addition, 19 previously untested samples
were included. In total, 92 samples were analysed: 81 archived frozen (-20°C) samples of two
separate pregnancies and 11 fresh samples of a third pregnancy (stored at 5°C and submitted

to AgPlus Diagnostics Ltd and the external laboratory within 48 hours).

The Advantage Laboratory System® (AgPlus Diagnostics Ltd, The Exchange, Colworth
Science Park, Sharnbrook, Bedford, UK) using canine progesterone materials and processes
was used. This research and development system allowed for off line sample preparation and
repeat measurements off a single device. Every stage was compliant with the 1SO 9001
standard and 1SO13485 for medical devices. [The canine progesterone assay has been
designed and developed to detect 4-pregnen-3,20-dione. The detection has been verified in

canine serum and plasma samples against predicate clinical analyser data.

The immunoassay system employs silver nanoparticles as an electrochemical label and
magnetic particles as the solid phase. Antibodies/antigens specific to the target molecule are
immobilised on the silver nanoparticles and a second antibody/antigen target onto a magnetic
particle. After standard immunoassay and wash processes, the silver label is quantified using
Anodic Stripping Voltammetry (ASV) and the signal generated is directly proportional to the
amount of the target molecule in the sample. Frozen and fresh serum samples were brought

up to room temperature (20°C).
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The canine assay is a competitive assay, in which free progesterone competes with
progesterone analogues immobilised onto magnetic particles for available anti-progesterone
antibody silver nanoparticle conjugates. As the levels of free progesterone increase, the
resulting signal from the silver nanoparticles decreases. Canine serum samples perform
optimally as a 1-in-21 dilution in PBS, however in initial testing in this study with elephant
serum demonstrated a dilution factor of 1-in-8 was optimal, and the methodology was

adapted accordingly.

Twenty pl of serum was mixed with 300 Iul of dilution buffer (AgPlus Dilution Buffer,
Phosphate Buffered Saline (PBS)). Of this mix, 150 pl was mixed with 15 ul of magnetic
conjugate (AgPlus Progesterone Magnetic Conjugate, magnetic particles were coated with 4-
pregnen-3,20-dione) and 15 pl of silver conjugate (AgPlus Progesterone Silver Conjugate,
coated with a 4-pregnen-3,20-dione specific monoclonal antibody) and incubated at room
temperature for three minutes. Using a magnetic rack, the conjugate was captured to remove
supernatant and any unbound conjugate. The complex was re-suspended in 300 pl washing
buffer (50mM iodoacetamide) and vortex mixed. Using a magnetic rack, the conjugate was
captured again in order to remove the supernatant. The conjugate was subsequently re-
suspended in 150 pl reaction buffer (LM ammonium thiocyanate). Tested samples were run in
triplicate: three electrodes (Advantage laboratory Research & Development electrodes) were
placed in a reader (Advantage Laboratory 3-channel Research & Development Reader) and
48 ul of the conjugate suspension was placed onto each electrode. Bespoke software
subsequently recorded the signal. The raw signal values in nanocoulombs (nC) for all of the
elephant samples were converted to ng/ml by reading the values against a standard elephant

progesterone curve.

Raw results from the AgPlus reader testing (expressed in nanoCoulomb, [nCD were correlated
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progesterone ‘calibration curve’ was generated to provide correlation data expressed in
nmol/litre.

In order to identify anomalously low progesterone product concentrations, they were assessed
against a normal distribution defined by the previously observed observations. Because there
was often a clear trend in concentration over time, distributions were characterised with a
linear model fit of concentration against time pre-partum, enabling prediction of the mean
expected concentration at the time of subsequent measurements, while standard deviation is
given by the root mean squared residuals of the linear model. Defining a normal distribution
with this expected mean and standard deviation, the one-tailed probability of observing the
observed concentration or lower can then be calculated, with lower probabilities indicating
more strongly anomalous concentrations. Analysis was performed in RIVSISIONZI0MI(R Core

Team 2021)1

RESULTS

For seven out of the nine previous pregnancies enough data were available from laboratory
analyses to identify the sharp decline in blood progesterone products to half its pre-parturient
level, on average 4.5 days prior to parturition (range 3-6 days, N=7), reaching undetectable
levels 12-96h prior to delivery in all cases. The focus of the statistical analysis comparing

laboratory with POC measurements was therefore on the last five days of pregnancy.

The results of 5a-pregnane (radio-immune assay, external reference laboratory) and of
4-pregnen-3,20-dione (POC, AgPlus experimental reader) for Pregnancy 1, 2 and 3 are
depicted in Figure 1. Patterns of change in progesterone product concentrations varied over
time, between pregnancies and between methods. Concentrations of Sa-pregnane and
4-pregnen-3,20-dione were poorly correlated between the radio-immune assay and the POC,

particularly when samples had been stored frozen (Pregnancies 1 and 2) (Figure 2).
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Despite the lack of general correlation between results from the different assays, in both
methods there was a substantial drop in progesterone product concentrations measured within
five days of birth to levels well outside the 95% confidence limits for the distributions of
concentrations seen prior to fthat\ (Fig. 2). Looking in more detail at statistical confidence in
these pre-partum measurements as outliers, progesterone product concentrations near
parturition were consistently more extreme than the lower 0.0001% of the previously
observed distributions in all three pregnancies and regardless of the assay used, with
significant drops detectable from either three or four days before birth dFigure] 3). This
indicates that both laboratory and point of care measurements can both accurately predict

parturition a few days ahead.

DISCUSSION

In this study, an adapted canine progesterone assay, which can be incorporated in a
benchtop POC analyser, was able to detect the sudden decrease of blood progesterone
products in Asian elephants and can therefore be used as a cost-effective tool for parturition
prediction in this species.

Measurements show considerable variation, and substantial drops in apparent
concentration were sometimes observed well before parturition (for example as measured at
POC at Day -16 in Pregnancy 1, Figure 3), distinguished by a rapid return to previous levels,
whereas repeat measurements just before parturition consistently showed continued decline,
which could be for example due to sample storage, error or technical artefact. This suggests

that a single low measurement should be followed by at least one further sample to confirm a
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downward trend for accurate diagnosis of impending parturition. For Pregnancy 3, only 10
samples were available to establish an average level before the pre-parturition drop was
detected, suggesting that the method can work reliably on smaller sample sizes.

The poor correlation between the POC output and the initial measurements obtained from
the RIA may be due to the majority of the samples (88%) used for this study having been
stored frozen for up to three years. Although serum progesterone concentrations should not
be affected by frozen storage®*, in this study a number of samples stored over 2.5 years
recorded a higher progesterone level on the POC analyser than they did in the laboratory at
the time of sampling. Given the more concentrated nature of the elephant samples used in the
assays compared to the canine assay, the freeze/thaw of samples frozen prior to this study
would not have an impact on the progesterone but could have a larger impact on the serum
itself, which could have a detrimental effect on the assay performance as observed in this
study compared to freshly drawn samples. Refinement of the methodology, especially
increasing the number of elephants studied plus using fresh serum samples, plus temporal

tandem RIA analysis, would be needed to validate the POC for e.g. pregnancy diagnosis.

The analyte immobilised onto the magnetic beads for the canine assay is 4-pregnen-3,20-
dione with an antibody specific to this form immobilised onto the silver nanoparticles. Whilst
this study would suggest some cross reactivity of this antibody towards progesterone products
more commonly found in elephants such as Sa-pregnane, the level of cross reactivity is
unknown. Similarly, any forms of 4-pregnen-3,20-dione in samples will likely have a higher
affinity towards the antibody used in this study and may impact results. Further investigation
into the cross reactivity of this antibody and potential antibodies more specific to elephant

progesterone products should be explored in future work.

The main drawback of this method of parturition prediction using a POC progesterone

analyser is the need for serial blood samples. Non-invasive sampling methods may be



preferred in some collections. Progesterone can also be measured in the urine of elephants'®

and in saliva in human'*8, Both could potentially be a focus for future research.

CONCLUSION
As pregnancy length in elephants is highly variable, and neonatal deaths still occur with some
regularity, reliable parturition prediction in captive Asian elephants is invaluable for ensuring
staff are on hand to assist if required. Where serial blood samples of elephants can be
obtained, objective parturition prediction is possible using the POC analyser used in this
study, and can direct the need for ultrasonographic evaluation of the cervix when parturition

does not follow a progesterone drop in the expected interval.
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Figure la-c: Readings of 5a-pregnane (radio-immune assay, external reference laboratory)
and of 4 pregnen-3,20-dione (POC, AgPlus experimental reader) for all three pregnancies in

ng/mL, in graph format.

[Figure 2. Correlations between progesterone product concentrations (ng/ml) measured either
in the laboratory (lab) or at point of care (POC) during the late stage of three Asian elephant
pregnancies. Open points are within five days of parturition, filled points are earlier. Shaded
ellipses are bivariate normal 95% confidence regions. The grey line indicates equality.
Pearson correlation statistics for pregnancies 1: r =-0.15, p=0.38; 2: r=0.44, p=0.04; 3: r

=0.28; p=0.46. |

I

Figure 3. [Normal distribution probabilities of observed progesterone concentrations within
20 days of parturition, based on prior observations, for three Asian elephant pregnancies

(rows), measured either in the laboratory (lab column) or at point of care (POC). Horizontal
grey lines indicate the 0.001 probability threshold. Vertical grey lines indicate the threshold

between four and five days pre-partum.
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