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Twenty-two serum samples of healthy bitches were tested with the frozen 
and lyophilised version of the same ELISA kit (Quanticheck, Faculty of Veteri-
nary Science, Budapest, Hungary). Samples were chosen on the basis of their 
progesterone (P4) concentrations, which were between 1.00 and 20.00 ng/mL. As 
it is well known, this range has the highest clinical relevance in ovulation diagno-
sis. Both types of microplates were read at 15-min intervals from the 15th until 
the 90th minute (min) of incubation, and the results were compared with those of 
frozen plates at 60 min of incubation as 100 percent. Lyophilised microplates 
gave on average 18 percent higher results than the frozen version at equal incuba-
tion times. The highest difference between lyophilised and frozen samples was 
observed at 45 and 60 min of incubation. Ninety-four percent of the reaction in 
the frozen microplate occurred in the first 15 min, and during the subsequent 
30 min the reaction seemingly stopped. After the 45th min of incubation, this 
94 percent increased to 108 percent in the subsequent 30 min, which remained the 
final approximate result at the end of the 90 min of incubation. In contrast to the 
frozen microplate, the measured concentration increased continuously in the ly-
ophilised version and reached the highest level at the 60th min. The results of the 
lyophilised microplate reached the same level at 30 min of incubation as those of 
the frozen version at 60 min. In conclusion, a mechanical increase or decrease of 
the incubation time does not generate a linear change in the test results. This study 
demonstrated that the results of a series of samples collected from the same bitch 
cannot be compared if they are measured with different laboratory methods or dif-
ferent ELISA kits.  
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Determination of the optimal breeding time plays a key role in reducing 
the expenses and increasing breeding success in the bitch. Serum or plasma pro-
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gesterone (P4) concentration has a predictive value in the diagnosis of the esti-
mated time of ovulation. The clinically relevant progesterone concentration var-
ies widely, depending on the period of the oestrous cycle (Concannon, 2011). 

Radioimmunoassay (RIA), which had been the only available method 
twenty years ago, has by now been replaced by enzyme immunoassay (ELISA) 
in the everyday practice due to its shorter measurement times and use of non-
radioactive reagents (Munro and Stabenfeldt, 1984). The commercial availability 
of inexpensive, precise and accurate quantitative kits validated for canine sam-
ples displaces the previously used qualitative and semi-quantitative ELISA kits. 
Such kits are widely used not only in laboratories but also in the clinical practice; 
however, they are sensitive to the conditions of measurement. 

The theoretical background of enzyme immunoassays for quantitative 
hormone determination is based on competitive binding of the enzyme-labelled 
hormone and the measurable component of the sample. The non-labelled hor-
mone molecules reduce the number of free binding sites on antibodies and de-
crease their availability to the labelled hormone. At equilibrium, the dissolved 
mixture of non-bound hormone and non-bound enzyme-conjugated hormone is 
eliminated from the microplates and the reaction is quantified by the determina-
tion of the amount of labelled hormone (Crowther, 1995). 

The final result of the ELISA is influenced by numerous factors. Besides 
biological factors and sample management, the assay method, the storage condi-
tions and handling also influence the final concentrations measured (Molnár et 
al., 1984; Navarro et al., 1990; Hock et al., 1999; Thuróczy et al., 2003; Volk-
mann, 2006; Chapwanya et al., 2008; Tahir et al., 2013; Schumacher et al., 2014). 

Although the production of ELISA kits is a multistep procedure which di-
rectly influences the final quality and the recommended instructions for use, the 
ultimate users are not fully aware of the methods employed (Henning and Niel-
sen, 1987; Sibley et al., 1993; Hock et al., 1999). 

As the assay procedure is properly described, its ultimate use does not re-
quire an expert laboratory specialist. The decrease or increase of the incubation 
time should raise the suspicion of automatic linear changes in the final results. 
Although the alteration of incubation time is part of the assay validation proto-
cols, clinicians are not aware of these results and an inexperienced ELISA user 
should suspect a linear correlation between the result and the incubation time. 
The applied test is widely used in small animal practice in Hungary and it is on 
the market in some other countries as well. The aim of this study was to illustrate 
the effect of incubation time on the measured progesterone results and demon-
strate that the results coming from two differently produced, although apparently 
similar kits may be different. The latter phenomenon raises difficulties in com-
paring results given by two or more different laboratories in a single examined 
heat of the same bitch. 

 



 INCUBATION TIME DEPENDENT ACCURACY OF ELISA 367 

Acta Veterinaria Hungarica 64, 2016 

Materials and methods 

Progesterone was determined with two differently manufactured versions 
[lyophilised (L) and frozen (F)] of the same ELISA kit (Quanticheck, Faculty of 
Veterinary Science, Budapest, Hungary). 

Kit L includes a microplate coated with monoclonal antibody against P4, 
which is lyophilised at the end of the process and kept at room temperature in a 
hermetically closed foil until the measurements. The intra-assay variability is 
3.44%, the inter-assay coefficient is 5.25%, and the sensitivity of the assay is 
0.5 ng/mL. Kit F contains anti-P4 monoclonal antibody dissolved in physiologi-
cal sodium chloride, and the microplates were kept frozen at –20 °C. The intra-
assay variability is 5.14%, the inter-assay coefficient is 3.79%, and the sensitiv-
ity of the assay is 0.2 ng/mL. The prescribed incubation time of covered strips at 
room temperature is one hour. Both kits use the same P4 concentrations (0, 1, 2, 
5, 10, 20 and 40 ng/mL) as standards. 

Twenty-two serum samples of healthy bitches were compared. The sam-
ples were collected from healthy bitches during prooestrus, oestrus or onset of 
metoestrus as part of the daily clinical service, requested by the owners to predict 
the optimal time of mating. The samples were selected on the basis of previous 
results which ranged between 1.00 and 20.00 ng/mL for F microplates at 60 min 
of incubation time (F60) and stored at –20 °C until the assay. The same samples 
were measured with F and L microplates and both types of microplates were read 
at 15-min intervals from the 15th until the 90th min of incubation with the P4 
conjugate. To decrease the measurement error, the samples were measured paral-
lel with the L and the F kit again. 

To compare the two ELISA kits and to evaluate the dependence of results 
on incubation time, linear models were applied using the statistical software R 
3.0.2. Absolute as well as relative (percent) differences were used in the com-
parisons. The measured values were also compared to the reference value (F60). 

 
 

Results 

The P4 values obtained at 60 min of incubation by the laboratory using F 
microplates ranged between 1.22 and 19.94 ng/mL. The results of any other in-
cubation time were compared with the results obtained on F microplates at 
60 min of incubation (F60) as 100 percent. The mean of the reference F60 group 
was 6.09 ± 4.87 (SD) ng/mL. The corresponding results in L microplates (L60) 
were 7.18 ± 5.22 ng/mL with a range of 1.24–22.48 ng/mL. L microplates gave 
on average 18 percent higher results than F microplates for equal incubation 
times. The highest difference between the samples measured on L and F mi-
croplates was observed at 45 and 60 min of incubation (Fig. 1). 
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Fig. 1. The widest differences between lyophilised and frozen microplates were measured at the 

45th and 60th min of incubation. Although the difference in average was the same at the 30th and 
75th min, the values scattered more widely at the 75th min. Lyophilised microplates gave on aver-
age 18 percent higher results than the routinely used laboratory method for equal incubation times 

 
Dependence on incubation time was nearly linear from 45 to 90 min of in-

cubation time for the F microplates, and from 15 to 60 min for the L microplates. 
Two periods of quick increase were observed in the curve obtained with the F 
microplate. Ninety-four percent of the reaction occurred in the first 15 min and 
during the subsequent 30 min the reaction ostensibly stopped. After the 45th min 
of incubation, the 94 percent increased to 108 percent in 30 min, which was the 
final approximate result at the end of the examination in the 90th min of incuba-
tion. In contrast to the F microplate, the reaction passed off continuously and 
reached the highest level at the 60th min on the L microplate. Interestingly, on 
the L microplate the results decreased by approximately 2 percent between the 
60th and 75th min of incubation and then increased again by the 90th min to 101 
percent of the L60 value (Fig. 2). 

 
Discussion 

The ELISA procedure described in this paper is an easy-to-perform test, 
which is widely used in the everyday clinical reproduction practice for the fol-
low-up of canine prooestrus and oestrus. Ovulation is indicated when serum P4 
concentration measured by Quantichek is between 6 and 10 ng/mL. 

As demonstrated in Fig. 2, the behaviour of samples differs, depending on 
the preparation of microplates. A continuous, linear elevation of results is ob-
served until the 60th min of incubation time in the group measured by the L mi-
croplate. After that point, this increase does not continue. The physical effects of 
lyophilisation induce denaturation of antibodies as demonstrated by Hock et al. 
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(1999). Denaturation transforms the three-dimensional structure of proteins. This 
structural transformation leads to the slow saturation of antibody binding sites as 
demonstrated in Fig. 2. Saturation reaches the maximal level at 60 min of incu-
bation, and incubation times longer than 60 min do not influence the amount of 
P4 molecules bound. 
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Fig. 2. Ninety-four percent of reaction in frozen microplate occurred in the first 15 min, and during 
the subsequent 30 min the reaction ostensibly stopped. In contrast with the frozen microplate, the 
reaction passed off continuously and reached the highest level at the 60th min in the lyophilised 

microplate. The results of lyophilised microplate reached the same level at 30 min of incubation as 
the results of frozen microplate at 60 min 

 
In contrast to the L microplate, the F microplate quickly binds the same 

amount of measured samples and enzyme-conjugate solution, which is not af-
fected by the incubation time during the first 45 min. The reaction increases pro-
gressively between 45 and 75 min of incubation until the antibodies are satu-
rated. The onset of reaction is quicker on the F microplate, but the final satura-
tion of antibodies occurs at the 60th min on the L microplate. 

The variation of measured values depends more on the manufacturing pro-
cedure of the microplate than on a hypothetical linear correlation of incubation 
time. This observation raises the question of commensurability of results ob-
tained by different laboratories with different ELISA kits. The 18 percent differ-
ence between the two types of microplates at the recommended incubation time 
expands the diagnostic value of vaginal cytology and vaginoscopy in the proto-
col of ovulation diagnosis. Introduction of a new kit requires the comparison of 
previously used and newly introduced kits. The manufacturers should notify their 
commercial partners about any changes in the production procedure as it may 
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compromise results gained with their assay systems. The producer of the kits 
should validate its new procedure to the previous system before commercialisa-
tion and adjust the instructions for use accordingly. 

In conclusion, our results contradict the hypothesis regarding the existence 
of a linear correlation between incubation time and the increase of measured 
hormone concentrations. A mechanical increase or decrease of the incubation 
time does not generate a linear change in the test results. Although the directions 
for use recommended by the manufacturer are essential for accurate and precise 
results, the behaviour of microplates is essentially determined by the manufactur-
ing procedure. This study has demonstrated that the measurement with different 
laboratory methods or different ELISA kits of samples collected from the same 
bitch during prooestrus and oestrus could lead to apparently different results. 
This phenomenon increases the significance of using the same laboratory for the 
testing of a sample series. 
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