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OBTAINING HIGH-QUALITY LISTERIOSIS ANTIGEN 
FOR SEROLOGICAL DIAGNOSIS OF ANIMAL LISTERIOSIS 
BY ENZYME-LINKED IMMUNOSORBENT ASSAY
Listeriosis diagnostics is a key factor in livestock welfare control regarding this infection. Purpose. To develop a technol-

ogy for obtaining a high-quality listeriosis antigen for the serological diagnosis of animal listeriosis using the enzyme-

linked immunosorbent assay (ELISA). Methods. For performing the complement fi xation test (CFT) and ELISA, blood 

serum samples from cattle, pigs, and sheep collected in 2017—2021 were used. Working serum dilutions and ELISA 

procedures were determined according to OIE recommendations. Th e optimal antigen concentration was identifi ed by 

titration, selecting the dilution that provided the best discrimination between negative and positive sera. Control samples 

were tested in triplicate, and optical density was measured with a Multiscan FC ELISA reader (450 nm). A reaction 

was considered reliable when discrepancies between control sera ranged from 0.35 to 1.10; in the case of deviations, the 

assay was repeated. Antigen specifi city was assessed in ELISA using sera containing antibodies to Brucella, Campylo-

bacter, and Chlamydia. Reproducibility was evaluated by the diff erence in optical density values across three replicates. 

Th e threshold value was calculated as the mean + standard deviation × 3. Th e assay’s performance was compared with 

CFT, AGID, and commercial kits. Statistical analysis was performed using Student’s t-test in Statistica 6.0 and Micro-

soft  Excel. Results. To develop a technology for producing listeriosis antigens for serological diagnosis in animals, fi ve 

museum strains of Listeria were revived and used to obtain production volumes of bacterial mass. Th e resulting protein 

concentration was 50 μg/mL. Th e activity and specifi city of the obtained antigen were evaluated using indirect ELISA 

with positive and negative sera from cattle, pigs, and sheep, as well as positive sera to other pathogens (Brucella, Cam-

pylobacter, Yersinia) previously submitted to the laboratory within 2017—2021. Th e diff erence between the mean values 

of positive and negative control sera ranged from 0.35 to 1.10, confi rming the reliability of the results. Antigen specifi city 
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Infectious diseases of animals are among the 
main causes of reduced productivity and, in some 
cases, even death. To date, many infectious dis-
eases have become enzootic and require continu-
ous epizootic surveillance and the application of 
eff ective eradication measures (Zavgorodnii et 
al., 2021; Charlier et al., 2022; Buzun et al., 2023). 
Among economically signifi cant infectious dis-
eases is listeriosis (Manyi-Loh & Lues, 2025).

Listeriosis is a zoonotic infection caused by a 
Gram-positive, facultatively anaerobic, oxidase-
negative, and catalase-positive bacterium of the 
genus Listeria (Koopmans et al., 2023). To date, 
11 Listeria species have been described, among 
which Listeria monocytogenes, L. ivanovii, and 
L. seeligeri pose the greatest threat (Ragon et al., 
2008; Končurat & Sukalić, 2024). Th e highest vir-
ulence is characteristic of L. monocytogenes, which 
is capable of causing the disease in a wide range 
of animal species and humans (Swaminathan & 
Gerner-Smidt, 2007; Di Renzo et al., 2024).

Listeriosis belongs to sapronotic infections, as 
the natural reservoir of the pathogen is the en-
vironment, primarily soil (Locatelli et al., 2013; 
Linke et al., 2014; Lourenco et al., 2022). Listeria 
spp. are also detected in plant raw materials, sur-
face waters, wastewater, feed, and other ecologi-
cal niches (Vázquez-Boland et al., 2001; Ryzhova 
et al., 2025). Along with abiotic factors (Orob-
chenko et al., 2022), Listeria spp. pose a hazard 
associated with the consumption of animal-de-
rived products (Kurpas et al., 2018).

Th e source of infection may be numerous ani-
mal species, including mammals (cattle, small 
ruminants, pigs, dogs, rodents, wildlife), birds, 
amphibians, fi sh, and crustaceans (Lambrechts 
& Rip, 2024; Li et al., 2024). In most cases, the 
disease is subclinical; however, infected animals 

may shed the pathogen for prolonged periods 
in feces, urine, secretions from mucous mem-
branes, as well as in amniotic fl uid and milk (Ho 
et al., 2007; WOAH, 2021; Schöder et al., 2022), 
thereby facilitating the circulation of Listeria spp. 
in the environment and on farms. Th e spread of 
animal pathogens may occur under conditions 
of climate change and alterations of ecological 
niches (Bogach et al., 2020; Conn & Soares Mag-
alhães, 2024; Liao et al., 2024).

Diagnosis of listeriosis is based on the analysis 
of epizootiological data, clinical signs, pathologi-
cal changes, and laboratory test results (Valenti et 
al., 2021; WOAH, 2021; Li & Li, 2023). Th e leading 
role belongs to the bacteriological method, which 
involves isolation and identifi cation of a pure cul-
ture of L. monocytogenes (WOAH, 2021; Th omas 
et al., 2022; Jami et al., 2014). For detailed char-
acterization of isolates, serological and molecular 
genetic methods are used, including agglutination 
reactions, indirect hemagglutination assay (IHA), 
complement fi xation test (CFT), enzyme-linked 
immunosorbent assay (ELISA), as well as PFGE, 
MLST, and modern approaches based on whole-
genome sequencing (Jagadeesan et al., 2019; Lüth 
et al., 2021; Mafuna et al., 2021; Osek et al., 2022).

At the same time, serological diagnosis of 
animal listeriosis requires high-quality stable 
specifi c antigens, since the use of insuffi  ciently 
standardized or reaction-derived antigens may 
reduce the sensitivity and specifi city of diagnos-
tic tests (Al-Ethafa et al., 2025). Th is problem 
is further complicated by the fact that the anti-
genic properties of fi eld isolates and production 
strains of Listeria may diff er signifi cantly, which 
aff ects the results of serological studies and re-
quires additional investigation (Vázquez-Boland 
et al., 2001; Jami et al., 2014).

was demonstrated in ELISA using sera containing antibodies against Brucella abortus, Brucella ovis, Campylobacter 

fetus, and Chlamydia spp., as well as sera from intact animals. All tested sera were negative, indicating high specifi city 

of the obtained antigen. Conclusions. Th e obtained data may be used to improve the diagnosis of animal listeriosis in 

Ukraine through the development of highly specifi c antigens.

Keywords: Listeria monocytogenes, antigen, listeriosis, ELISA, serological studies.
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In this regard, there is an urgent need to de-
velop a standardized technology for obtaining a 
high-quality listeriosis antigen suitable for use in 
serological diagnostic methods, in particular, an 
enzyme-linked immunosorbent assay.

Th e aim of this study was to investigate the 
antigenic and immunobiological properties of 
production strains and fi eld isolates of Liste-
ria and to develop a technology for obtaining a 
high-quality listeriosis antigen for the serologi-
cal diagnosis of animal listeriosis using the en-
zyme-linked immunosorbent assay.

Materials and Methods. To study the anti-
genic and immunobiological properties of Lis-
teria by performing the complement fi xation 
test (CFT) and enzyme-linked immunosorbent 
assay (ELISA), fi eld serum samples from cattle, 
pigs, and sheep were used. Th ese samples had 
been submitted to the laboratory for testing in 
2017—02021.

Th e determination of working dilutions of the 
test sera and optimization of the ELISA proce-
dure were carried out in accordance with the 
WHO recommendations.

Polystyrene microplates (NUNC, MaxiSorp 
type, Denmark) were used as a immunosorbent. 
A commercial multispecies conjugate (IDvet, 
Germany) and a TMB substrate (3,3',5,5'-tetra-
methylbenzidine) produced by Cell Signaling 
Technology (USA) were used for the assay.

To determine the most sensitive working con-
centration of the antigen, preliminary titration 
was performed using a checkerboard titration 
with diff erent conjugate dilutions. Th e dilution 
providing the best discrimination between nega-
tive and positive standard sera was selected.

Th e indirect ELISA was performed according 
to the following protocol:

1. Appropriate dilutions of the listeriosis an-
tigen were prepared in carbonate—bicarbonate 
buff er (pH 9.6), mixed thoroughly, and 100 μL 
was added to each well of the microplate.

2. Th e plates were covered with sealing fi lm 
and incubated at 37 °C for 24 h.

3. Th e wells were washed with 300 μL of wash-
ing buff er (0.05% Tween-20 in PBS), aft er which 
the reaction was blocked with blocking solution 
(1.2% egg albumin in PBS), followed by incuba-
tion at 37 °C for 1 h.

4. Th e plates were emptied, sera and control 
samples were diluted 1:50—1:200 in dilution 
buff er (0.4% egg albumin in washing buff er), 
100  μL was added to each well, and the plates 
were incubated for 40—60 min at 37 °C.

5. Th e plates were washed three times with 
washing buff er.

6. Th e working dilution of the conjugate in 
washing buff er was added at 

7. 100 μL per well.
8. Th e plates were washed three times with 

washing buff er.
9. 100 μL of substrate was added to each well 

at a constant rate;
10. Th e plates were incubated in the dark at 

room temperature for 15—30 min;
11. To rapidly stop the reaction, 100 μL of 

0.4 M H2SO4 was added to each well.
Positive and negative controls were tested in 

triplicate. Optical density measurements were 
performed using an ELISA reader (Multiscan FC, 
Th ermo Scientifi c) at a wavelength of 450 nm. 
Th e reaction was considered valid if the diff er-
ence between the mean optical density values of 
the positive and negative control sera was within 
the range of 0.35—1.10. If the obtained values 
were outside this range, the assay was repeated.

Antigen specifi city was determined by ELISA 
using sera containing antibodies against Brucella 
abortus, B. ovis, Campylobacter fetus, and Chla-
mydia spp., as well as sera obtained from intact 
animals. Sensitivity was determined by compar-
ative analysis of test results using a panel of posi-
tive and negative sera according to the formula:

Se = 
Nip + Nxn

Nip
 × 100%,

where Se is the sensitivity of the system (%), is 
the number of true-positive results, and is the 
number of false-negative results.
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Specifi city was calculated according to the 
formula:

Sp = 
Nin + Nxp

Nin
 × 100%,

where Sp is the specifi city of the system (%), is 
the number of true-negative results, is the num-
ber of false-positive results.

Reproducibility was determined based on the 
diff erence in optical density values of the same se-
rum sample tested in triplicate. Using Microsoft  
Excel soft ware, the mean value of the negative 
control and its standard deviation were calcu-
lated. Th e cutoff  value was determined using the 
formula: mean value + standard deviation × 3.

In addition, the performance of the reaction 
was evaluated in comparison with traditional 
CFT and agar gel immunodiff usion test (AGID), 
as well as with commercial diagnostic kits.

Statistical analysis of the study results was per-
formed using Student’s t-test to determine sig-
nifi cance. Th e data were processed using StatSoft  
Statistica: Basic Statistics and Tables 6.0 and Mi-
crosoft  Excel soft ware.

Results. Two experimental antigen prepara-
tions were produced from the Listeria monocy-
togenes strain “Buryn” with a bacterial cell con-
centration of 10 billion cells/cm³, inactivated 
with phenol or formaldehyde. For comparison, 
a commercial antigen produced by LLC SSE 
“Veterinary Medicine” (Ukraine) was used. As a 
positive control, a positive serum from the same 
commercial kit was applied, as well as hyperim-
mune rabbit serum obtained by immunization 
with an inactivated culture of Listeria monocyto-
genes strain “Ternopil” (with a bacterial cell con-
centration of 10 billion cells/cm³).

Hyperimmunization of rabbits was performed 
by subcutaneous administration of bacterin with 
an oil adjuvant at a dose of 10 billion cells/cm³, 
followed by two intravenous injections at a dose 
of 10 billion cells/cm³ at 5-day intervals. Subse-
quently, total blood was collected; the obtained 
sera were processed according to standard pro-
cedures, preserved with 0.5% phenol, or frozen. 

A negative control serum was obtained from an 
intact rabbit, which was additionally tested by 
the complement fi xation test (CFT). As a result 
of the studies, a positive anti-listeriosis serum 
with a CFT titer of 1:160 (+++) was obtained.

To standardize the obtained positive serum 
(by mixing sera 1:1), it was calibrated with nor-
mal rabbit serum to a titer of 1:100 in the CFT.

Th e experimental antigen preparation con-
taining formaldehyde proved unsuitable for 
use in ELISA due to its low adsorption capac-
ity. Th erefore, the phenol-inactivated antigen 
was used for further studies. To determine the 
working concentration of the listeriosis antigen 
for ELISA, the reaction effi  ciency of the control 
positive serum at a dilution of 1:200 was evaluat-
ed using diff erent antigen concentrations, added 
at a volume of 100 μL per well and adsorbed for 
18 h at 37 °C. Th e distribution of mean optical 
density values changed gradually according to 
the tested antigen dilutions (Table 1).

Th e results indicate that the positive reference 
serum analogue exhibited optical density 3—5 
times higher than that of negative sera with the 
antigen at dilutions of 1:500—1:1000. Th e reac-
tion eff ect was directly dependent on the antigen 
concentration in the well. In the antigen dilution 
range from 1:50 to 1:400, nearly identical opti-
cal density values were observed for both posi-
tive and negative sera, which may indicate an 
excess of antigen in the wells. Subsequently, an 
increase in the diff erence in optical density asso-
ciated with antigen dilution was observed. In the 
following studies, an antigen dilution of 1:500 
was selected as the working dilution for immo-
bilization on microplates. Th e optimal working 
dilution of the commercial conjugate was deter-
mined experimentally and amounted to 1:50.

Th e study results indicate a suffi  ciently high 
adsorption activity of the obtained antigen. An-
tigen specifi city was evaluated using an indirect 
ELISA with various positive serum samples that 
previously had been tested positive in the com-
plement fi xation test (CFT).
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According to the results presented in Table 2, 
high serum/pathogen (S/P) values were obtained 
only for the positive sample. Reactions with oth-
er hyperimmune sera were negative, which con-
fi rms the specifi city of the obtained antigen.

To determine the specifi city and reproduc-
ibility parameters of the developed method, 20 
positive and 50 negative serum samples were 
analyzed by ELISA in triplicate. Th e mean opti-
cal density values of the positive samples were 
0.755  ±  0.322, whereas those of the negative 
samples were 0.145 ± 0.052 (Fig. 1).

Th e cut-off  value of the method was calculated 
and set at 0.370. To assess the sensitivity of the 
developed method, serial dilutions of three fi eld 
serum samples collected from infected sheep 
that were positive in the complement fi xation 
test (CFT), were analyzed (Fig. 2).

Th e obtained data confi rm the high sensitiv-
ity of the developed ELISA, as even at a 640-fold 
dilution of positive samples, the signal was de-
tected above the cut-off  value.

Discussion. Th e obtained results indicate that 
the technology we developed for producing the lis-
teriosis antigen ensures a high-quality preparation 
suitable for its application in serological studies 
using ELISA. Th e revival of reference strains and 
subsequent production of industrial-scale volumes 
of bacterial biomass made it possible to standard-
ize the antigen production process and to ensure 
the required protein concentration for eff ective ad-
sorption onto a solid phase (Crowther, 2009).

One of the key outcomes was the determina-
tion of the antigen working dilution that provid-
ed the maximum diff erence between the optical 
density values of positive and negative control 
samples. It was established that at a dilution of 
1:500, the antigen exhibited the best adsorption 

Table 1. Titration of the listeriosis antigen using a commercial conjugate

Conjugate 
dilution

Control sera 
at dilutions of 1:200

Antigen dilution

1/500 1/1000 1/2000 1/4000 1/8000

1/10 Positive 3.723 3.568 3.004 2.366 1.965

Negative 1.111 0.975 1.246 1.291 1.384

1/20 Positive 2.799 2.364 1.997 1.461 1.226

Negative 0.736 0.608 0.845 0.853 0.786

1/30 Positive 2.076 1.745 1.445 1.06 0.886

Negative 0.614 0.545 0.657 0.645 0.648

1/40 Positive 1.589 1.323 0.623 0.864 0.709

Negative 0.485 0.352 0.344 0.523 0.544

1/50 Positive 1.067 0.819 0.647 0.454 0.442

Negative 0.264 0.282 0.319 0.303 0.369

1/100 Positive 0.479 0.413 0.37 0.281 0.196

Negative 0.203 0.167 0.214 0.156 1.024

Cut off

Positive Negative

OD
1.5

1.0

0.5

Fig. 1. Distribution of the tested blood serum samples 
between positive and negative groups depending on OD 
values and determination of the reaction cut-off  value
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activity and ensured clear discrimination be-
tween positive and intact sera. Th ese fi ndings are 
consistent with the literature on the infl uence of 
antigen concentration on the sensitivity of indi-
rect ELISA systems and confi rm the importance 
of optimizing this parameter at the assay devel-
opment stage (Cavaiuolo et al., 2013; Chen et al., 
2021; Crowther, 2009; Dasanayaka et al., 2021).

Fox et al. (2013) discuss that the structural 
properties of antigens and their interactions with 
adjuvants or other surfaces are critical for stabil-
ity and immunoreactivity. Th erefore, an impor-
tant stage of the study was the comparison of 
two antigen variants inactivated with phenol and 
formaldehyde. Th e antigen obtained by formal-
dehyde inactivation exhibited low adsorption 
capacity, making it unsuitable for ELISA. In 
contrast, the phenol-inactivated antigen demon-
strated stable performance, which is consistent 
with the use of phenol to preserve the spatial 
structure of protein epitopes in many bacterial 
antigens (Hofman et al., 1985; Metz et al., 2004). 
Th is confi rms the appropriateness of phenol in-
activation for the production of diagnostic prep-
arations of Listeria monocytogenes.

Specifi city testing of the antigen demonstrat-
ed the absence of cross-reactivity with hyper-
immune sera against Brucella abortus, B. ovis, 
Campylobacter fetus, and Chlamydia abortus. 
Th e obtained S/P values for these sera did not 
exceed the established cut-off  level, indicating 
high antigen specifi city and a minimal risk of 
false-positive results under fi eld conditions. It is 
particularly important that specifi city was main-
tained even when using control sera obtained in 
diff erent years, which indicates the stability of 
the diagnostic system.

Th e high sensitivity of the method, confi rmed 
by analysis of serial dilutions of positive sera, in-
dicates the possibility of using the test for early 

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0

Sample 1
Sample 2
Sample 3
Cut off

1:10 1:20 1:40 1:80 1:160 1:320 1:640 1:1280

Table 2. Determination of the specifi city 
of the listeriosis antigen

No. Positive serum to the following pathogens S/P

1 Campylobacter fetus 0.243

2 Chlamydia abortus 0.176

3 Brucella ovis 0.213

4 Brucella abortus 0.145

5 Positive sample 1.765

Fig. 2. Assessment of the sensitivity of the developed method
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detection of infected animals. Even at a dilution 
of 1:640, the signal intensity remained above the 
cut-off  value, which is a signifi cant advantage 
compared to traditional CFT and tube comple-
ment fi xation tests, the sensitivity of which is 
limited by the parameters of complement-de-
pendent reactions (WOAH, 2021).

Th e advantages of the proposed approach are 
also supported by the reproducibility of the re-
sults: low variability of optical density values in 
triplicate assays meets modern requirements for 
serological tests. Th is provides a basis for antigen 
standardization and for the subsequent inclusion 
of the developed method in diagnostic protocols.

In summary, the developed listeriosis antigen 
demonstrates high diagnostic performance and 
can be successfully used for serological moni-
toring of listeriosis in animals. Its eff ectiveness, 
specifi city, and reproducibility allow the prepa-
ration to be recommended for implementation 
in bio-industrial enterprises, diagnostic labora-
tories, and research institutions in Ukraine.

It should also be noted that, alongside the di-
agnosis of infectious diseases, including listerio-
sis, attention should be paid to veterinary and 
sanitary measures, which in turn reduce the risk 
of pathogen spread to new territories (Allerberg-
er et al., 2010; Fagerlund et al., 2017; Paliy, 2018; 
Park et al., 2024).

Conclusions. Th e conducted studies dem-
onstrate that the developed listeriosis antigen is 
characterized by high sensitivity, specifi city, and 
reproducibility. Th e developed methodology has 
formed a basis of a laboratory regulation for the 
production and quality control of the listeriosis 
antigen for ELISA, which will enable the manu-
facture of a high-quality and specifi c antigen for 
the monitoring and control of animal listerio-

sis in Ukraine. Th e proposed document may be 
used by veterinary medicine specialists working 
at bio-industrial enterprises, as well as in diag-
nostic and research laboratories.

Further research will focus on validation of 
the developed antigen using a broader panel of 
fi eld sera from diff erent animal species, as well 
as on optimization and standardization of the 
test system for use in commercial diagnostic 
kits. Promising directions include investigating 
the applicability of the obtained antigen in other 
ELISA or immunochromatographic test for-
mats, as well as comparing its performance with 
recombinant Listeria monocytogenes proteins.

Ethical compliance. All animal manipula-
tions conducted within the framework of the 
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ОТРИМАННЯ АНТИГЕНА ДЛЯ СЕРОЛОГІЧНОЇ ДІАГНОСТИКИ 
ЛІСТЕРІОЗУ МЕТОДОМ ІМУНОФЕРМЕНТНОГО АНАЛІЗУ

Діагностика лістеріозу займає провідне місце у контролі благополуччя тваринництва щодо даної інфекції. 
Мета. Р озробити технологію отримання високоякісного лістеріозного антигена для серологічної діагностики 
лістеріозу тварин методом імуноферментного аналізу. Методи. Для проведення РЗК та ІФА використовували 
зразки сироваток крові ВРХ, свиней та овець, отриманих у 2017—2021 рр. Визначення робочих розведень си-
роваток і методики ІФА проводили за рекомендаціями МЕБ. Оптимальну концентрацію антигена визначали 
шляхом титрування, обираючи розведення з найкращим розрізненням між негативними та позитивними 
сироватками. Контрольні зразки аналізували у трьох повторах; вимірювання оптичної щільності проводили 
ІФА-рідером Multiscan FC (450 нм). Реакцію вважали достовірною за розбіжності контрольних сироваток 
у межах 0.35—1.10, і в разі відхилень реакцію повторювали. Специфічність антигена перевіряли в ІФА з 
різними сироватками, включаючи антитіла до Brucella, Campylobacter та Chlamydia. Відтворюваність оціню-
вали за різницею оптичної щільності в трьох повторах. Порогове значення розраховували за формулою: се-
реднє значення + (стандартне відхилення х 3). Оцінювали ефективність реакції в порівнянні з РТЗК, РІД та 
комерційними наборами. Статистичну обробку проводили за критерієм Стьюдента в Statistica 6.0 і Microsoft  
Excel. Результати. З метою розроблення технології отримання лістеріозних антигенів для серологічної 
діагностики лістеріозу тварин було відновлено п’ять музейних штамів лістерій з наступним отриманням 
виробничих об’ємів бактеріальної маси. Визначено, що концентрація отриманого білка становила 50 мкг/мл. 
Визначено активність та специфічність отриманого антигена за допомогою непрямого ІФА з використанням 
позитивних і негативних сироваток ВРХ, свиней та овець, а також позитивних сироваток до інших збудни-
ків (бруцел, кампілобактерій, ієрсиній), які надходили до лабораторії впродовж 2017—2021 рр. Виявлено, 
що розбіжність між середніми значеннями позитивної та негативної контрольних сироваток знаходилася 
в діапазоні 0.35—1.10, що свідчить про достовірність отриманих результатів. Специфічність антигена була 
доведена в ІФА зі сироватками крові, які містять антитіла проти Brucella abortus, Brucella ovis, Campylobacter 
fetus та Сhlamydia spp., а також зі сироватками крові, отриманими від інтактних тварин. Усі досліджувані 
сироватки виявилися негативними, що свідчить про високу специфічність отриманого антигена. Висновки. 
Отримані дані можуть бути використані для вдосконалення діагностики лістеріозів тварин в Україні за 
рахунок створення високоспецифічних антигенів.

Ключові слова: Listeria monocytogenes, антиген, лістеріоз, ІФА, серологічні дослідження.


