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DETERMINATION OF THE IMMUNE POTENTIAL 
OF PALATINE TONSIL CELLS AGAINST ANTIGENS 
OF RESPIRATORY VIRUSES AND MICROBES 
BASED ON IN VITRO STUDIES
In recent decades, much attention has been paid to new approaches to vaccination against viruses of the respiratory 
group, among which the concept of local etiologically appropriate vaccination deserves attention, according to which 
vaccination should be carried out in the same way as infection occurs, that is, for viruses and microbes of the respiratory 
group — through the upper respiratory tract or orally, where the immune system of mucosal membrane and its important 
components — the structures of the lymphoepithelial ring -— play a signifi cant role. Th e aim of the study was to deter-
mine the level of the production of antibodies to respiratory viruses and antigens of Streptococcus pyogenes and Klebsiella 
pneumoniae and interferones by palatine tonsil cells and blood mononuclear cells of patients with chronic tonsillitis. 
Methods. Th e study was conducted on palatine tonsil (PT) cell cultures obtained from 20 patients with chronic tonsil-
litis who underwent tonsillectomy for indications. Th e immunological activity of the tonsil cells in vitro was compared 
with that of mononuclear cells isolated from heparinized blood using a Ficoll-Verografi n density gradient (d=1.077). Th e 
antibody content in the culture fl uid aft er 24-hour cultivation of cells was determined by the levels of IgG antibodies to 
the SARS-CoV-2 virus antigens (using the ELISA system «Diaproph,» Ukraine), anti-hemagglutinins against infl uenza 
A and B — via the hemagglutination inhibition reaction against vaccine hemagglutinins (GCFLU, quadrivalent, GC 
pharma). Antibodies to human orthopneumovirus antigens were determined using the ELISA system (Euroimmun), to 
the Virus Epstein-Barr (EBV) capsid antigen using the Vitrotest system (Ukraine), and to Streptococcus pyogenes — using 
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In recent decades, much attention has been paid 
to new approaches to vaccination against respira-
tory viruses, among which the concept of local 
etiologically-appropriate vaccination deserves at-
tention, according to which vaccination should 
be carried out in the same way as infection oc-
curs (Ainai et al., 2020; Zabolotny et al., 2021; 
Melnykov et al., 2015; Rose et al., 2012; Nelson   

& Sant, 2021; Park, 2024). At the current stage 
of ideas about the formation of protective fac-
tors against respiratory viruses, unfortunately, 
the paradigm of creating and using vaccines for 
parenteral administration, as it did in the times of 
Jenner and Pasteur, still dominates. According to 
this paradigm, viral antigens are introduced into 
the body not by the route of infection, but paren-
terally, without the participation of local natural 
barrier mechanisms, especially those of the up-
per respiratory tract and the immune-forming 
structures of the intestinal tract. It has been 
proven that one of the important components of 
protection against both viruses and microbes is 
the lymphoepithelial pharyngeal ring (LEPR) of 
Pirogov-Waldeyer, the structures of which con-
tain cells and active compounds that can poten-
tially actively counteract respiratory infection 
and form protective immune defense (Bredun 
et al., 2019; Smith & Huber, 2018). However, the 
activity of antiviral mechanisms, in particular 
interferons and antibodies against various types 
of viruses of the respiratory group, has not been 
studied suffi  ciently to conclude about the factors 

and the spectrum of their activation for the cre-
ation of antiviral and antimicrobial immunity in 
the structures of LEPR. 

Th e aim of the study was to determine the lev-
el of the production of antibodies to respiratory 
viruses and antigens of Streptococcus pyogenes 
and Klebsiella pneumoniae and interferones by 
palatine tonsil cells and blood mononuclear cells 
of patients with chronic tonsillitis.

Materials and Methods. Th e study was con-
ducted on palatine tonsil (PT) cell cultures ob-
tained from 20 patients with chronic tonsillitis 
who underwent tonsillectomy for medical indi-
cations. Th e age of the patients ranged from 16 to 
40 years, 14 of whom were female. Additionally, 
similar studies were carried out on blood cells 
from 10 patients with chronic tonsillitis of a sim-
ilar age. Informed consent was obtained from all 
patients to conduct research in accordance with 
bioethical standards.

Th e tissue processing was performed accord-
ing to the recommendations (Melnykov et al., 
2017). Th e tonsil tissue was immersed in 199 
medium (Serva, Germany) with gentamicin 
(Darnitsa, Ukraine) at a concentration of 120 μg/
mL and left  at a temperature of 4—8 °C for 20 
min. Aft er that, hemorrhagic parts were removed 
from the whole tonsil, transferred to Eagle’s me-
dium (Sigma, USA), and rinsed in it 3—4 times, 
then placed in sterile vials with enriched Eagle’s 
medium with the addition of glutamine, bicar-
bonate, 100-fold concentration of vitamins, 5% 

the «Granum» tests (Ukraine), to Klebsiella pneumoniae proteoglycans — via the passive hemagglutination reaction us-
ing sorption of Klebsiella antigen (Biostim, France). Th e content of interferons α and γ was determined using ELISA kits 
(Elabscience, USA). Results. Th e obtained data indicate more pronounced reactive manifestations of antibody formation 
against viral and microbial antigens of respiratory pathogens aft er culturing PT cells of patients with chronic tonsillitis. 
Th e highest content of antibodies in the culture fl uid was determined to antigens of Infl uenza A and B viruses, as well as 
to Human orthopneumovirus antigens, and to a lesser extent — to antigens of SARS-CoV-2 and EBV viruses. PT cells 
in vitro actively produced antibodies to streptolysin-O of S. pyogenes group A and weakly — to proteoglycans of K. pneu-
moniae. Th e content of α-interferon was higher in blood cells supernatants than that of γ-interferon in PT cells superna-
tants. Conclusions. Th e conducted studies indicate a high immunological potential of the palatine tonsils, even with their 
chronic infl ammation relative to a wide range of antigens of respiratory viruses and microbes, which confi rms the new 
concept of local vaccination through the upper respiratory tract, rather than parenterally. 
Keywords: vaccination, local immunity, palatine tonsil cells, blood mononuclear cells.
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fetal calf serum, and 60 μg/mL gentamicin. Th e 
tissue was cut with scissors and washed with the 
medium to release the cells, then fi ltered through 
a nylon fi lter. All manipulations were carried 
out in a laminar fl ow cabinet (ES160, Turkey) in 
a stream of sterile air. Th e number of cells was 
counted using a light microscope (Olympus-23, 
Japan) and a Goryaev chamber. A cell suspen-
sion was prepared at a concentration of 2.5 x 106 
lymphocytes in 1 mL of medium. Th e percentage 
of non-viable cells was calculated by staining the 
suspension with a trypan blue solution. When the 
content of dead cells was greater than 10%, the 
suspension was considered unsuitable for further 
work. To control the eff ect of cell damage dur-
ing mechanical extraction on the release of active 
compounds into the medium, immediately aft er 
the formation of suspension, it was centrifuged in 
a refrigerated centrifuge (4 °C, E-800R, Turkey). 
Th e production of antibodies to infl uenza A and 
B viruses (Infl uenzavirus A, B), SARS-CoV-2 vi-
rus, and to Human orthopneumovirus, as well as 
to α- and γ-interferons palatine tonsil cells, was 
determined simultaneously with the determina-
tion of all samples with blood mononuclear cells 
of patients with chronic tonsillitis, isolated from 
heparinized blood on a Ficoll-Verografi n density 
gradient (d=1.077), washed from the Ficoll, and 
incubated in 199 medium (Sigma, USA) enriched 
with glutamine, amino acids, and vitamins. 

Th e cells were cultured at 37 °C for 24 hours. 
Aft er that, they were centrifuged in a refriger-
ated centrifuge at 100 g and 4 °C for 15 min, the 
supernatant was collected and aliquoted into Ep-
pendorf tubes by 0.5 mL portions. Th e samples 
were stored until testing for up to three months at 
-20 °C in a low-temperature refrigerator. Th e as-
sessment of antibody content in the culture fl uid 
aft er 24-hour cultivation of palatine tonsil cells or 
blood mononuclear cells was carried out by the 
levels of IgG antibodies against SARS-CoV-2 vi-
rus antigens (ELISA system «Diaprof,» Ukraine), 
antihemagglutinins against infl uenza A and B 
virus antigens by the hemagglutination inhibi-

tion assay using vaccine hemagglutinins (GCFLU, 
quadrivalent, GC Pharma, Korea), where human 
erythrocytes of the fi rst blood group were used as 
an indicator system. Antibodies to Human ortho-
pneumovirus antigens were determined using an 
ELISA system (Euroimmun) and to Epstein-Barr 
virus (EBV) capsid antigen — using the Vitrotest 
system (Ukraine). Th e results of semi-quantitative 
determination of antibodies to VEB were pre-
sented as the «index of positivity» (a dimension-
less quantity), which demonstrates by how many 
times the level of detected antibodies in the sam-
ple exceeds the threshold level of their recognition 
(according to the manufacturer’s instructions).

Antibody titers to S. pyogenes were deter-
mined using the «Granum» tests (Ukraine) 
and to K. pneumoniae proteoglycans — via the 
passive hemagglutination reaction using anti-
gen-coated tannin-treated rabbit erythrocytes 
(proteoglycans, Biostim, France) following the 
recommendations of Berkalo et al. (2003). Th e 
levels of α- and γ-interferons were determined 
using ELISA kits (Elabscience, USA).

Th e statistical analysis for the results obtained 
was performed using the one-sided nonpara-
metric Mann-Whitney «U» test, and when ana-
lyzing log2 antibody titers, the t-Student test was 
used. Calculations were performed using the 
open-access soft ware packages WIN PEPI and 
Biostat, following the recommendations given in 
the literature (Hlants, 1998).

Th e results were presented as the arithmetic 
mean (M) and quartiles (Q25-Q75). When us-
ing Student’s t-test, the results were indicated as 
M ± m. Diff erences were considered statistically 
signifi cant when p<0.05.

Results. Th e results of determining the levels of 
antibodies to infl uenza A and B hemagglutinins 
in 24-hour cell cultures from palatine tonsils and 
blood mononuclear cells are presented in Table 1.

Th e data presented in Table 1 show that the level 
of antibodies to infl uenza viruses in the superna-
tants aft er tonsil cells cultivation was signifi cantly 
lower compared to the levels aft er cultivation of 
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blood mononuclear cells. Determination of anti-
bodies levels to the SARS-CoV-2 virus under sim-
ilar conditions of research showed a tendency to 
increasing antibodies content in the culture me-
dium aft er palatine tonsil cells cultivation.

A similar vector of changes was noted when 
determining antibodies to Human orthopneu-
movirus (p<0.05), which is shown in Table 1. 
Only trace amounts of antibodies to Human or-
thopneumovirus were detected in the initial su-
pernatant (before cultivation).

Figure 1 shows the results of the determination 
of antibodies to EBV, which demonstrated that 
no signifi cant diff erences between their contents 
in the culture fl uids of palatine tonsil cells (PT) 
and blood mononuclear cells (BMC) were found.

Th e determination of such antiviral factors 
as α- and γ-interferons showed that the content 
of α-interferon was 2.5 times higher in the cul-
ture fl uid aft er cultivation of BMC than PT. In 
contrast, the level of γ-interferon was 3 times 
higher in the culture fl uid aft er PT cells cultiva-
tion (Table 2).

When examining the content of antibodies 
to streptolysin-O in culture fl uids from PT and 
BMC, it was found that the antistreptolysin-O 
(ASL-O) titer from PT cultures was signifi cantly 
higher compared to that in BMC culture fl uid 
(Fig. 2). Th e content of antibodies to the pro-
teoglycans of K. pneumoniae was also higher in 
culture fl uid from PT, but this diff erence was not 
signifi cant (Fig. 3.) 

Table 1. Th e content of antibodies to hemagglutinins 
of infl uenza viruses, human orthopneumovirus, and to SARS-CoV-2 virus in the supernatants 
of palatine tonsil cells and blood mononuclear cells of patients with chronic tonsillitis

Statistical values

Antihemagglutinins to 
Infl uenza viruses A and B, log2

Antibodies to Human 
Orthopneumovirus, IU/mL

Antibodies 
to SARS-CoV-2 virus, g/L

PT BMC PT BMC PT BMC

n 21 9 8 9 21 9
М 0.45 5.80 0.42 0.21 0.15 0.08
 ± m 0.15 0.20 — — — —
Q25-Q75 — — 0.05—0.85 0.10—0.40 0.10—0.20 0.05—0.20
Content in the initial superna-
tant (before cultivation) 0 — 0.05 — 0 —
Signifi cance of diff erences, pU — <0.02 <0.05 — — >0.05

PT — palatine tonsils; BMC — blood mononuclear cells.

Table 2. Th e content of α- and γ-interferons in supernatants aft er cultivation 
of tonsil cells and blood mononuclear cells of patients with chronic tonsillitis

Statistical values
α-ІFN, pkg/mL γ-ІFN, pkg/mL

PT BMC PT BMC

n 21 9 21 9
М 111.26 293.30 29.90 9.70
Initial supernatant 5.00 — 1.80 —
Q25-Q75 11.15—186.70 232.20—460.50 11.20—37.70 8.90—10.50
Signifi cance of diff erences, pU — <0.02 — <0.02
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Discussion. Th e results of the studies of the 
immunological activity of palatine tonsil cells 
and blood mononuclear cells indicate a more 
pronounced reactive manifestation of antibody 
formation against viral and microbial antigens 
of respiratory infections in the culture fl uid af-
ter culturing palatine tonsil cells of patients with 
chronic tonsillitis without additional stimulation. 
It can be assumed that in chronic tonsillitis, ton-
sil infection occurs, which causes the release of 
antibodies against infections «on continuation».

Th e reality of this is evidenced by the data on 
the practical absence of antibodies to respira-
tory viruses in the initial supernatants, and the 
appearance of a signifi cant content of antibodies 
aft er 24-hour cultivation, especially when using 
tonsil cells, indicates their crucial role in the 
processes of immune defense formation. Large 
fl uctuations in the level of interferons may in-
dicate the active inclusion, fi rst of all, of anti-
viral defense. At the same time, in the culture 
fl uid of PT cells, there was more γ-interferon, 
the action of which is associated not only with 
antiviral protection but also with a wide range 
of immunoregulatory eff ects (Drannik, 2010; 
Wang et al., 2018).

Th e obtained data indicate the active partici-
pation of tonsil cells of the lymphoepithelial ring 
in the processes of formation of immune defense 
and immunological memory cells in relation to 
a wide range of antigens of viruses and microbes 
of the respiratory group. Th ese data correspond 
to new concepts of vaccination against respira-
tory viruses (Ainai et al., 2020; Melnikov et al., 
2015; Benn et al., 2020; Sun et al., 2020; Wagner 
et al., 2020; Nelson  & Sant, 2021) and the change 
in the paradigm of parenteral vaccination, in 
which the natural protective mechanisms in the 
structures of the respiratory tract are «turned 
off » (Benn et al., 2020; Zabolotny et al., 2021; 
Park et al., 2024; Shi et al., 2022). For mucosal 
vaccines of the microbial group, the eff ectiveness 
of the local vaccination method has been proven 
in a number of works when used in the form of 
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Fig. 1. Levels of antibodies to EBV in the culture fl uid 
aft er 24-hour cultivation of tonsil and blood cells: IP — 
index of positivity, PT — palatine tonsils, BMC — blood 
mononuclear cells, (P > 0.05) 

Fig. 2. Content of ASL-O in culture fl uid aft er 24-hour 
cultivation of palatine tonsil cells (PT) and blood mono-
nuclear cells (BMC) (р < 0.05)

Fig. 3. Content of antibodies to K.pneumonie proteogly-
cans in culture media with palatine tonsil cells (PT) and 
blood mononuclear cells (BMC) (p > 0.05)



56 ISSN 1028-0987. Microbiological Journal. 2025. (3)

O.F. Melnykov, D.I. Zabolotnyi, M.Y. Spivak et al.

oral applications or capsules (Bredun et al., 2019; 
Cantarutti et al., 2021; Zhu et al., 2024).

Conclusions. Experimental studies in vitro 
on determining the content of protective factors 
such as the antibody levels to viral and microbial 
antigens and α, γ-interferons in the supernatants 
aft er 24-hour cultivation of tonsil cells or periph-
eral blood mononuclear cells showed that the 
number of protective factors and their activity 
of palatine tonsil cells were signifi cantly higher 
compared to those from blood mononuclear 
cells. Th e highest antibody content in the culture 
fl uid was determined to antigens of Infl uenza 
A and B viruses and Human orthopneumovirus, 

and, to a lesser extent, to the SARS-CoV-2 and 
EBV viruses. In vitro palatine tonsil cells actively 
produced antibodies to streptolysin-O of S. pyo-
genes group A and weakly produced antibodies to 
proteoglycans of K. pneumoniae. Th e content of 
α-interferon was higher in the supernatants from 
blood cells, and γ-interferon  — from palatine 
tonsil cells. Th e conducted studies indicate a high 
immunological potential of the palatine tonsils, 
even in chronic infl ammation, and confi rm new 
concepts of local vaccination through the upper 
respiratory tract, rather than parenterally.

Confl ict of Interests. Authors declare no con-
fl ict of interests.
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ВИЗНАЧЕННЯ ІМУННОГО ПОТЕНЦІАЛУ КЛІТИН 
ПІДНЕБІННИХ МИГДАЛИКІВ ПРОТИ АНТИГЕНІВ ВІРУСІВ РЕСПІРАТОРНOЇ ГРУПИ 
ТА МІКРОБІВ ЗА ДАНИМИ ДОСЛІДЖЕНЬ IN VITRO
В останні десятиріччя багато уваги приділяється новим підходам до вакцинації проти вірусів респіраторної 
групи, серед яких заслуговує на увагу концепція локальної етіологічно адекватної вакцинації, згідно якої 
вакцинація повинна провадитись тим же шляхом, яким іде інфікування, тобто для вірусів та мікробів 
респіраторної групи  — через верхні дихальні шляхи або перорально, де суттєву роль виконує система 
мукозального імунітету та його важливі складники — структури лімфоглоткового кільця. Метою роботи 
було визначити рівень продукції антитіл до вірусів респіраторної групи та до антигенів Streptococcus pyogenes 
і Klebsiella pneumoniae та інтерферонів клітинами піднебінних мигдаликів (ПМ) та мононуклеарами крові 
хворих на хронічний тонзиліт. Методи. Дослідження проведено на культурах клітин піднебінних мигдаликів, 
отриманих від 20 хворих на хронічний тонзиліт, яким за показаннями проводили тонзилектомію. Імуноло-
гічну активність in vitro клітин мигдаликів порівнювали з такою мононуклеарів, виділених з гепаринізованої 
крові на градієнті щільності фікол-верографіну (d  =  1,077). Вміст антитіл в культуральній рідині після 
24-годинного культивування клітин визначали за рівнями IgG-антитіл до антигенів вірусу SARS-CoV-2 (ІФА-
система «Діапроф», Україна), антигемаглютинінів проти грипу А та В — в реакції інгібіції гемаглютинації 
проти гемаглютинінів вакцини (GCFLU, quadrivalent, GC pharma). Антитіла до антигенів Human 
orthopneumovirus визначали за допомогою ІФА-системи (Еuroimmun), до капсидного антигену Virus Epstein-
Barr — за допомогою системи Vitrotest (Україна). Титри антитіл до S. pyogenes визначали за допомогою тестів 
«Гранум» (Україна), до протеогліканів K. pneumoniae — в реакції пасивної гемаглютинації зі застосуванням 
сорбції антигенів клебсіели (Biostim, France). Вміст інтерферонів α і γ визначали за допомогою ІФА-наборів 
(Elabscience, USA). Результати. Отримані дані свідчать про більш виражені реактивні прояви формування 
антитіл проти вірусних та мікробних антигенів інфектів респіраторної групи після культивування клітин 
ПМ хворих на хронічний тонзиліт. Найбільший вміст антитіл в культуральній рідині було визначено по 
відношенню до антигенів вірусів грипу А та В, антигенів Human orthopneumovirus і меншою мірою до вірусу 
SARS-CoV-2 і Virus Epstein-Barr. Клітини ПМ in vitro активно продукували антитіла до стрептолізину-О 
S. pyogenes групи А і слабо — до протеогліканів K. pneumonie. Вміст α-інтерферону визначався як вищий в 
супернатантах з клітин крові, а γ-інтерферону — з клітин ПМ. Висновки. Проведені дослідження свідчать 
про високий імунологічний потенціал піднебінних мигдаликів, навіть при хронічному їх запаленні, по 
відношенню до широкого спектру антигенів вірусів респіраторної групи і мікробів, що підтримує нову 
концепцію проведення не парентеральної, а локальної вакцинації через верхні дихальні шляхи.
Ключові слова: вакцинація, локальний імунітет, клітини піднебінних мигдаликів, мононуклеари крові.


