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Simple Summary: The present study seeks to address the critical role of understanding serum progesterone
(sP4) concentration in determining the optimal mating time. The primary objective of this research is to conduct
a comparative analysis of sP4 results obtained from a commercial point-of-care (POC) immunological analyzer
for progesterone measurement when compared to the chemiluminescent microparticle immunoassay (CMIA).
The overarching goal is to evaluate the accuracy of these analyzers and subsequently establish standardized
guidelines for optimal breeding time in bitches. The utilization of POC analyzer for progesterone measurement
emerges as a valuable clinical tool in the precise determination of the optimal timing for mating or artificial
insemination in bitches. Furthermore, the widespread adoption of this advanced technology within the
veterinary community and among breeders is expected to enhance the precision of breeding decisions,
ultimately leading to significant improvements in the overall dog breeding process.

Abstract: The measurement of sP4 often varies due to different laboratory methodologies and individual
canine characteristics. In this investigation, sP4 outcomes obtained from a commercial POC analyzer, designed
for efficient sP4 assessment in bitches, were compared with results derived from CMIA, the reference
laboratories in Thailand. Thorough documentation encompassed various parameters: mean, standard
deviation (SD), 95% confidence interval (CI), minimum and maximum sP4 concentration values. Additionally,
we meticulously recorded the Pearson’s correlation coefficient, Lin’s concordance correlation coefficient, and
the bias correction factor. Interestingly, there was no significant difference (p > 0.05) in the means obtained by
the POC and CMIA. The Pearson’s correlation coefficient between POC and CMIA stood at 0.957, with Lin’s
concordance correlation coefficient for POC recorded as 0.949. Furthermore, the bias correction factor was
established at 0.991. This investigation followed established CMIA guidelines, modified to incorporate the
mean and 95% ClI as criteria for optimal breeding time using the POC analyzer. In conclusion, the commercial
POC immunologic analyzer emerges as a valuable tool, aiding in precisely determining the optimal timing for
natural mating or artificial insemination in bitches.

Keywords bitches; chemiluminescent microparticle immunoassay; optimal breeding time; point-of-
care analyzer; serum progesterone

1. Introduction

The determination of the optimal breeding time in bitches frequently relies on assessment of
serum progesterone (sP4) concentrations [1-3]. This assessment serves multiple purposes, including

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202312.1295.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 December 2023 doi:10.20944/preprints202312.1295.v1

the detection of reproductive abnormalities such as hypoluteoidism [4,5], the confirmation of
luteolysis before parturition [6,7]. Throughout the estrus period in bitches, a characteristic rise in sP4
concentrations beyond the baseline is observed, frequently surpassing 1 ng/mL. Ovulation in the
bitch take place roughly 36 to 50 hours following the LH peak [8]. During this time, sP4 concentrations
are approximately 2.02+0.18 ng/mL at the LH peak [9], and they subsequently escalate to a range of
4.00 to 10.00 ng/mL on the ovulation day [10]. Subsequent to ovulation in bitches, it is noteworthy
that oocytes initially persist in an immature state recognized as primary oocytes. Fertilizable oocytes
become evident 2 to 3 days after ovulation, as reported by Chastant-Maillard et al. [11]. The complete
maturation into the fertilization-ready stage occurred at 109 hours post-ovulation, in accordance with
Reynaud et al. [12]. Furthermore, existing research implies a maturation window of 96 to 108 hours
for oocytes within the oviduct [13]. Collectively, these findings underscore the paramount
importance of precise ovulation detection to facilitate informed deliberations concerning mating or
artificial insemination [3].

Within the domain of veterinary practice, diverse techniques exist for quantifying sP4,
encompassing radioimmunoassay (RIA) [14,15] liquid chromatography-tandem mass spectrometry
(LC-MS) [16-18], and chemiluminescence immunoassay (CLIA) [15,19-21]. Furthermore, recent
progress encompasses the introduction of point-of-care sP4 measurement analyzers, exemplified by
the rapid fluorescence immunochromatography assay (RFICA) and surface plasmon field-enhanced
fluorescence spectroscopy (SPFS) [22-25].

However, it is crucial to acknowledge that outcomes of sP4 measurement frequently exhibit
variations due to differences in laboratory methodologies and individual characteristics of bitches.
Consequently, achieving precise determination of the optimal breeding time mandates the collection
of numerous sequential blood samples throughout the proestrus and estrous phases. These samples
function as a comparative benchmark against the gold standard or reference laboratory
methodologies. With due regard to these factors, the present investigation endeavors to juxtapose
sP4 outcomes obtained from a commercial POC analyzers specifically developed for expeditious sP4
assessment in bitches with those derived from chemiluminescent microparticle immunoassay
(CMIA). The primary aim is to ascertain the precision and establish a standardized guideline for
ascertaining the optimal breeding time.

2. Materials and Methods

Ethical approval

The guidelines concerning the appropriate care and utilization of animals received approval
from the Animal Research Ethics Committee of the Faculty of Veterinary Medicine at Mahanakorn
University of Technology, Thailand. To substantiate their validation, these guidelines have been
identified with the specific approval code ACUC-MUT-2020/006. In accordance with the established
ethical framework, the proprietors of the bitches demonstrated their concurrence to partake in the
research by affixing their signatures to an official document.

Study period and location

Blood samples were procured for the purpose of analysis during the months of August 2022 and
July 2023. This collection transpired at the Small Animal Teaching Hospital, Faculty of Veterinary
Medicine, Mahanakorn University of Technology, Thailand, and similarly at Vet Home Polyclinic,
Bangkok, Thailand.

Sample collection and progesterone measurements

A cohort of two-hundred and forty-seven bitches, encompassing a diverse spectrum of breeds
including American bullies, English bulldog, French bulldogs, Shetland sheepdogs, Miniature
american shepherds, Cavalier king charles spaniels, Chihuahuas, Pomeranians, Chow Chows,
Akitas, and Pugs, was selected for the purpose of routine estrous observation followed by sequential
natural mating or artificial insemination. The research endeavor took place concurrently at the Small
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Animal Teaching Hospital, Faculty of Veterinary Medicine, Mahanakorn University of Technology,
Thailand, and Vet Home Polyclinic, Bangkok, Thailand. Blood samples were procured from all the
bitches within a time span of 5 to 7 days subsequent to the commencement of vaginal swelling or
discharge. The collected blood was allowed to undergo coagulation and was subsequently subjected
to centrifugation at a force of 2,500 g for a duration of 15 min. Subsequently, the obtained sera were
recovered, and two aliquots were prepared, one aliquot were meticulously prepared. One of these
aliquots was promptly subjected to assessment for sP4 concentration through the utilization of CMIA.
This process involved the application of an Architect 2000SR Immunoassay Analyzer along with the
Architect Progesterone Reagent (Abbott Laboratories, Illinois, USA). The remaining aliquot was
conserved at —20°C until its need arose for assessment via a commercial POC analyzer, namely Fuji
Dri-Chem Immuno AU Cartridge v-PRG (Fujifilm corporation, Tokyo, Japan), however only 110
samples was evaluated by this POC. This process was conducted in adherence to the guidelines
outlined by the manufacturer.

Statistical analysis

Mean, standard deviation (SD), 95% confidence interval (CI), minimum, and maximum value
for sP4 concentration were meticulously documented. Quantification was meticulously carried out
employing the commercial POC analyzer and CMIA across distinct phases of the bitch’s reproductive
cycle, encompassing early-proestrus, LH peak, pre-ovulation, ovulation, and post-ovulation.

In the context of this investigation, the harmonization between values derived from commercial
POC analyzer and those procured through the CMIA was meticulously established. This examination
was executed by calculating Pearson’s correlation coefficient, Lin’s concordance correlation
coefficient, and the bias correction factor. A correlation coefficient of <0.35 was interpreted as
indicative of a low or weak correlation, while the range of 0.36-0.67 denoted a moderate correlation,
0.68- 0.89 indicated a high correlation, and values exceeding 0.90 signified a very high correlation
[26]. Furthermore, McBride [27] outlined a classification of agreement strength based on the Lin’s
concordance correlation coefficient: >0.99 as almost perfect; 0.95-0.99 as substantial;, 0.90-0.96 as
moderate; <0.90 as poor. Moreover, comprehensive Passing-Bablok regression and Bland-Altman
analyses were executed for commercial POC and CMIA values. Furthermore, graphical
representations were generated to vividly portray the acquired outcome. To determine the existence
of a substantial distinction between the two means, a paired ¢-test was utilized. All the analyses were
meticulously performed utilizing free trial version of XLSTAT in Microsoft excel home and student
edition (WA, USA). The designated significance level was set at p< 0.05.

3. Results

The individual sP4 results of commercial POC analyzer comparison with CMIA was presented
in Table 1. The analysis revealed no significant difference (p>0.05) was observed for the mean value
of all samples.

Figure 1 presents a visual representation of the Passing-Bablok regression plot, illustrating a
comparison between serum progesterone measurements acquired from POC analyzer and those
derived from CMIA. The associated regression equations and correlation coefficient (r) are
provided as follows: y =1.114x-0.597. The analysis of Bland-Altman plots is shown in Figure 2.
Mean (range) biases between POC analyzer and CMIA were 0.22 ng/mL (-5.24 to 5.69 ng/mL).

The means, SD, 95% CI and range of sP4 concentrations, as determined by CMIA and POC
analyzer during the early-proestrus, LH peak, pre-ovulation, ovulation and post-ovulation periods
of the bitch, were presented in Table 3.
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Table 1. Serum progesterone concentration of the chemiluminescence microparticle immunoassay

(CMIA) and commercial point-of-care (POC) immunological analyzer for the individual bitches.

Bitq, CMIA  POC CMIA  POC CMIA  POC CMIA  POC
(ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL)
1 0.20 0.47 31 1.98 2.44 61 5.22 7.54 91 10.75 7.37
2 0.20 0.61 32 1.98 1.82 62 5.29 3.23 92 11.55 14.07
3 0.20 0.62 33 1.98 1.59 63 5.31 6.57 93 11.58 9.26
4 0.22 0.74 34 1.98 2.59 64 5.31 7.02 94 12.02 10.83
5 0.22 0.81 35 1.98 1.80 65 5.31 6.94 95 12.02 11.06
6 0.22 0.66 36 2.17 1.66 66 5.31 7.17 96 12.08 12.38
7 0.24 0.42 37 2.17 1.77 67 5.31 6.71 97 1330  24.45
8 0.26 0.69 38 2.33 3.00 68 5.33 2.77 98 15.39 14.15
9 0.64 3.18 39 2.33 2.78 69 6.20 6.43 99 17.76 15.87
10 0.64 2.88 40 251 4.00 70 6.20 6.69 100 19.05 18.04
11 0.64 3.83 41 2.57 4.74 71 6.21 5.13 101 2054  20.60
12 0.66 112 42 2.85 3.37 72 6.22 5.75 102 23.50 17.79
13 0.73 1.93 43 2.85 3.48 73 6.31 4.61 103 2835 22,66
14 0.73 2.25 44 2.98 5.04 74 6.63 2.24 104 2835 2351
15 0.73 1.88 45 3.00 4.75 75 6.98 7.89 105  33.86 1855
16 0.74 1.25 46 3.00 5.07 76 7.15 4.22 105 3418 2436
17 1.00 1.06 47 3.07 5.20 77 7.75 6.22 107 40.00  40.00
18 1.03 2.00 48 3.09 2.06 78 8.49 1035 108 40.00 3570
19 1.16 1.70 49 3.10 3.14 79 8.50 1013 109  40.00  36.61
20 1.19 1.38 50 3.88 4.75 80 8.70 6.07 110 4000  40.00
21 1.20 1.26 51 3.88 4.45 81 8.71 6.56
22 1.23 1.30 52 3.94 5.36 82 8.71 5.88
23 1.24 1.26 53 3.94 5.46 83 8.71 5.71
24 1.24 1.20 54 3.95 5.03 84 8.71 6.38
25 1.24 1.27 55 4.05 4.34 85 9.54 7.34
26 1.28 3.49 56 4.44 7.28 86 9.78 10.10
27 1.28 3.42 57 4.44 7.30 87 10.11 13.82
28 1.30 1.40 58 5.09 5.10 88 10.74 7.70
29 1.79 0.20 59 5.09 4.37 89 10.74 7.76
30 1.85 3.35 60 5.18 3.03 90 10.74 8.20
=)
£
£
<
=
@)

POC (ng/mL)

Figure 1. Passing-Bablok regression plot depicting serum progesterone concentration (n = 110)

determined with commercial point-of-care (POC) immunological analyzer and chemiluminescence

microparticle immunoassay (CMIA). The thin line is the identity line. The thick line represents the

regression line (y = 1.114x-0.597; r = 0.957) and the dotted lines represent its 95% confidence interval.
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Figure 2. Bland-Altman plot of agreement between 110 pairs of serum progesterone concentrations
determined with commercial point-of-care (POC) immunological analyzer and chemiluminescence
microparticle immunoassay (CMIA). The black thick line represents the mean difference (bias) and
the black dotted line represents the 95% confidence interval.

4. Discussion

Several researchers opt for employing reference standards such as RIA [15,28] or LC-MS [29] for
sP4 measurement in bitches. However, the inconvenience associated with RIA stems from the
requirement for specialized laboratory equipment, notably radioactive substances, which have the
potential to jeopardize both laboratory personnel and the environment. At present, CLIA is
displacing RIA in a multitude of diagnostic laboratories, gaining traction among veterinary
practitioners as a preferred method for quantifying progesterone [30,31]. The CMIA represents a
sophisticated and advanced iteration of CLIA, with practical implementation in veterinary reference
laboratories throughout Thailand [22].

The expeditious determination of sP4 concentrations holds pivotal significance in facilitating
precise diagnoses and well-informed clinical decisions, especially in contexts such as mating or the
meticulous management of cesarean sections. In response to the multifaceted demands of diagnostic
accuracy and sound decision-making, veterinary practitioners consider the adoption of commercial
POC immunologic analyzer indispensable. This device, commonly known as an in-house
progesterone measurement analyzer, caters to these requisites. Present study was conducted an
evaluation of the commercial POC analyzer, an automated fluorescence immunoassay analyzer. This
innovative technology provides a method for in-hospital sP4 concentration measurements through
the utilization of surface plasmon field-enhanced fluorescence spectroscopy. The advanced analyzer
distinguished itself by obviating the requirement for washing of surplus fluorescent beads, resulting
in a streamlined process. This attribute not only enhances efficiency but also yields a compact
immunodiagnostic analyzer capable of providing quantitative results in approximately 10 min. The
rapid processing time and likely portable of this analyzer render it a valuable instrument for
veterinarians, facilitating the utilization of sP4 concentrations in prompt and effective patient
management.

In present study, the correlation analysis between commercial POC analyzer and CMIA revealed
Pearsons’ correlation coefficients that exceeded the significant threshold 0.90 (Table 2). This outcome
unequivocally signifies robust and meaningful associations [26]. This finding provides compelling
evidence of the inherent reliability in the measurements of sP4 concentrations acquired from this POC
analyzer. However, the assessment of the strength of agreement, conducted through the Lin’s
concordance correlation coefficient, exhibited variations across the analyzers as substantial level [27].


https://doi.org/10.20944/preprints202312.1295.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 December 2023 doi:10.20944/preprints202312.1295.v1

6
Table 2. Measure of agreement: Concordance correlation coefficient, Pearsons’ correlation
coefficient ant Bias Correction factor.

95% limits of agreement (Bland and Altman) Concordance  95% confidence interval Pearsons’ Bias
Average Lower Upver correlation Lower Upper correlation  correction

W W
difference PP coefficient PP coefficient  factor
0.22 -5.24 5.69 0.949 0.929 0.963 0.957 0.991

Table 3 was presented the mean, SD, 95% CI and range for serum progesterone concentration
with quantification compared between the commercial POC analyzer and CMIA for estimates during
the early proestrus, LH peak, pre-ovulation, ovulation and post-ovulation periods of the bitch. This
table displays discernible sets of values, denoted by lowercase letters, meticulously organized in the
respective rows for POC analyzer. Each of these values, associated with a distinct superscript,
demonstrates a statistically significant difference (p<0.05) when compared to the reference CMIA
values. Conversely, the uppercase lettered values, presented similarly with their own set of
superscripts, demonstrate no statistically significant difference (p>0.05). The absence of a significant
difference indicates that these results are comparable to CMIA results. Importantly, the mean for all
periods in POC analyzer revealed no difference from CMIA. However, the ovulation period of
meticulously estrous cycle for POC analyzer showed no significant difference.

Table 3. Mean, standard deviation (SD), 95% confidence interval (CI), minimum (Min), and
maximum (Max) value for serum progesterone concentration with quantification using the
Chemiluminescence microparticle immunoassay (CMIA) and commercial point-of-care (POC)
immunological analyzer for estimates during the proestrus, LH peak, pre-ovulation, ovulation, post-
ovulation and all periods of the bitch.

CMIA POC
Period MeantSD 95% CI Min-Max MeantSD 95% CI Min-Max
Proestrus 1.00+0.602 0.80-1.21 0.20-1.98 1.65+0.98 1.32-1.99 0.20-3.83
LH peak 2.53+0.318 2.17-2.98 2.17-2.98 3.32+1.17° 2.41-4.22 1.66-5.04
Pre-ovulation 3.67+0.54¢ 3.00-4.44 3.00-4.92 4944141« 4.09-5.79 2.06-7.30
Ovulation 6.80+1.57P 6.80-1.57 5.09-9.78 6.14+2.03P 5.37-6.92 2.24-10.35
Post-ovulation 21.11+11.35E 21.11-11.35 10.11-40.00 18.95+10.27 ¢ 14.61-23.29 7.37-40.00
All period 7.3619.28F 5.61-9.11 0.20-40.00 7.13+£8.15F 5.59-8.67 0.20-40.00

abcdefyalues within the rows of POC with different superscripts mean statistically significant difference
(p<0.05) when compared with CMIA, while as, 48 ¢ D E F yalues are shown no significant difference (p>0.05).

The mean, 95%CI and minimum-maximum of sP4 concentrations obtained at the estimated time
of ovulation in the present study are of particular significance due to their potential implications in
reproductive management. Moreover, considerable variations in sP4 concentrations were observed
depending on the factor that could potentially lead to confusion among veterinary professionals. For
instance, when a single plasma sample was divided into 7 aliquots and subjected to sP4 concentration
assays using various techniques across 7 independent laboratories, resulting mean sP4 concentrations
were as follows: 4.6, 3.6, 6.8, 7.2, 3.9, 9.2, and 5.2 ng/mL [32]. Recent investigations by Bonte et al. [33],
Tahir et al. [34], Schmicke et al. [31] underscore the substantial variations in sP4 concentrations during
the estimated time of ovulation, contingent upon the assay employed. However, the sP4
concentrations determined using CMIA at the estimated time of ovulation in present study (mean+SD
=7.05£1.41 ng/mL; 95% CI = 6.69 to 7.40 ng/mL; range = 5.07 to 9.78 ng/mL) displayed no statistically
significant difference compared to this POC analyzer (meantSD = 6.14+2.03 ng/mL; 95% CI =5.37 to
6.92 ng/mL; range = 2.24 to 10.35 ng/mL). Consequently, our findings hold the potential to guide
optimal breeding time management, with implications based on the 95% CI and range (minimum-
maximum) of sP4 results (Table 4). Furthermore, this research suggests avenues for further studies,
particularly in the realm of investigating specific refinements to sP4 assessment. These refinements
aim to bolster veterinary practice and enhance reproductive management by providing more precise
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and reliable tools. In alignment with this objective, the guidelines presented herein were meticulously
crafted. They were developed by aligning with established CMIA guidelines and adapted them using
the range and 95% CI derived from each set of results (Table 4).

Furthermore, this investigation aims to comprehensively assess 63 bitches to determine
ovulation day and predict the optimal breeding date. This involved utilizing both CMIA and POC
analysis methods during proestrus and estrus periods before breeding, aiming to refine the
prediction accuracy. At or near the ovulation phase, these animals received artificial insemination
two to four days later, aligning with the determined optimal breeding window. The results revealed
a promising outcome, with 55 out of 63 bitches successfully conceiving, resulting in an 87.30%
pregnancy rate. Additionally, 52 out of 63 bitches achieved parturition, culminating in an 82.54%
parturition rate, indicating the accuracy of the predicted breeding window. These findings
underscore the effectiveness of the CMIA and POC analyzers and their pivotal role in enhancing
breeding and parturition outcomes. The shorter turnaround time offered by the POC analyzer
expedites decision-making in breeding management, benefiting both veterinary practitioners and
breeders by facilitating more precise and timely breeding decisions aligned with optimal fertility
windows.

Table 4. Reference or guideline for serum progesterone interpretation using commercial point-of-
care (POC) immunological analyzer in heat or apparent reproductively quiescent bitches.

Progesterone by CMIA Progesterone by POC (ng/ml)
(ng/ml) Min-max (95% confidence interval)

Likely events Suggestion

- Confirm heat or proestrus by
Anestrus, proestrus, physical examination  or
and pre-LH surge vaginal cytology.

- Retest in 3 days

) 0.20-3.83 (1.32-1.99)

- Retest in 2 days to confirm
2.00-2.99 1.66-5.04 (2.41-4.22) LH surge continued rise in progesterone.
- Aim for breeding 4-7 days.

- Retest in 1-2 days to confirm
3.00-4.99 2.06-7.30 (4.09-5.79) Pre-ovulation continued rise in progesterone.
- Aim for breeding 3-5 days.

- Retest in 1 days to confirm
5.00-9.99 2.24-10.35 (5.37-6.92) At or near ovulation continued rise in progesterone.
- Aim for breeding 2-4 days.

Post-ovulation, oocyte- Aim for breeding on this day
>10 7.37-40.00 (14.61-23.29) maturation, in and for another 2 days
fertilizable period hereafter.

5. Conclusions

The utilization of commercial POC immunologic analyzer for progesterone measurement
emerges as a valuable clinical tool in the precise determination of the optimal timing for natural
mating or artificial insemination in bitches. Moreover, the broader adoption of this advanced
technology within the veterinary community and among breeders has the potential to significantly
enhance the quality of breeding decisions, thereby contributing to the overall improvement of the
dog breeding process.
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