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Abstract
Introduction. Currently, studies aimed at finding the most informative and optimized method for assessing the 
survival rate of the plague microbe vaccine strain in the body of animals vaccinated against plague are relevant.
Aim — to evaluate the feasibility of using biofluorescent proteins using the example of the Yersinia pestis 
vaccine strain EV NIIEG pTurboGFP-B (EVGFP) in combination regimens with immunomodulators at the stage 
of preclinical evaluation of live vaccines.
Materials and methods. Guinea pigs were immunized with EVGFP grown at 28ºC and 37ºC (EVGFP28 and 
EVGFP37, respectively), in combination with immunomodulators (azoximer bromide, AB, and human recombinant 
interferon gamma, HRI).
Results. Fluorescence microscopy revealed seeding (up to 600 m.c. in one field of view) with EVGFP cells at the 
site of culture introduction in all experimental groups on the 1st day. In vivo flow cytometry showed that on the 1st 
day in all experimental groups the phagocytic index (PI) averaged 94.5%, with a subsequent decrease by the 4th 
day by an average of 4.4 times (21.2%). On the 4th day of the study in the EVGFP37+AB group the PI exceeded 
the similar indicator in the EVGFP37 group by 1.8 times. On the contrary, in the EVGFP28+HRI group the PI 
decreased by 2.2 times relative to the similar indicator in the EVGFP28 group. In addition, in the EVGFP37+AB 
and EVGFP37+HRI groups, on day 4, the PI was 2 times higher than in the EVGFP28+AB and EVGFP28+HRI 
groups, respectively. In the EVGFP37 group, the phagocytic number was on average 1.5 times higher than in the 
EVGFP28 group.
Conclusion. The obtained data confirm the dependence of the outcome of in vivo interaction of the plague 
microbe with spleen phagocytes on the temperature of bacterial growth, as well as on the presence of AB and 
HRI. The use of biofluorescent proteins, as shown by the example of the EVGFP strain and the flow cytometry 
method, expands the possibilities for assessing live plague vaccines in preclinical studies.
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Перспектива применения биофлуоресцентных белков на этапе 
доклинической оценки живых вакцин на примере вакцинного 
штамма Yersinia pestis EV НИИЭГ pTURBOGFP-B
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Аннотация
Введение. Актуальны исследования, направленные на поиск наиболее информативного и оптимизиро-
ванного метода оценки приживаемости вакцинного штамма чумного микроба в организме животных, при-
витых против чумы. 
Цель работы — оценить целесообразность использования биофлуоресцентных белков на примере 
вакцинного штамма Yersinia pestis EV НИИЭГ pTurboGFP-B (EVGFP) в схемах сочетанного применения  
с иммуномодуляторами на этапе доклинической оценки живых вакцин.
Материалы и методы. Морских свинок иммунизировали EVGFP, выращенным при 28°С и 37°С (EVGFP28 
и EVGFP37 соответственно), в сочетании с иммуномодуляторами: азоксимера бромидом (АБ) и интерфе-
роном-γ человеческим рекомбинантным (ИЧР). 
Результаты. Методом люминесцентной микроскопии выявлено обсеменение (до 600 м.к. в одном поле 
зрения) клетками EVGFP места введения культуры во всех опытных группах на 1-е сутки. Методом про-
точной цитометрии in vivo установлено, что на 1-е сутки во всех опытных группах фагоцитарный индекс 
(ФИ) составлял в среднем 94,5% с последующим снижением к 4-м суткам в среднем в 4,4 раза (на 21,2%). 
На 4-е сутки исследования в группе EVGFP37+АБ ФИ превосходил в 1,8 раза аналогичный показатель  
в группе EVGFP37. Напротив, в группе EVGFP28+ИЧР ФИ снижался в 2,2 раза относительно аналогично-
го показателя в группе EVGFP28. Кроме того, в группах EVGFP37+АБ и EVGFP37+ИЧР на 4-е сутки ФИ  
в 2 раза превышали показатели в группах EVGFP28+АБ и EVGFP28+ИЧР соответственно. В группе 
EVGFP37 фагоцитарное число превосходило в среднем в 1,5 раза показатель в группе EVGFP28. 
Заключение. Получены данные, подтверждающие зависимость исхода взаимодействия in vivo чумного 
микроба с фагоцитами селезёнки от температуры выращивания бактерий, а также от присутствия АБ и 
ИЧР. Применение биофлуоресцентных белков, как показано на примере штамма EVGFP и метода про-
точной цитометрии, расширяет возможности оценки живых вакцин против чумы на доклиническом этапе.

Ключевые слова: биофлуоресцентный вакцинный штамм Y. pestis EV НИИЭГ pTurboGFP-B, азоксимера 
бромид, интерферон-γ человеческий рекомбинантный, фагоцитоз, макрофаги, нейтрофилы, люминес-
центная микроскопия, проточная цитофлуориметрия
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Introduction
In recent years, various fluorescent proteins have 

been used as easily detectable markers of microorgan-
isms in biological and medical research. One of such 
proteins is the green fluorescent protein GFP (green 
fluorescent protein) found in the jellyfish Aequorea 
victoria [1, 2]. The advantages of using GFP protein 
compared to other reporter proteins are its ability to 
fluoresce in the absence of any cofactor or substrate, 
prolonged signal, low metabolic toxicity, and absence 
of background fluorescence. To date, a wide variety of 
different plasmids engineered with GFP are available 
and have been successfully used. For example, the 
commercial vector pTurboGFP-B provides stable ex-
pression and rapid maturation of fluorescent protein [2]. 

Engineered strains of Y. pestis producing GFP are 
used to study the conditions of symbiosis formation 
with protozoa and/or modeling of interaction with host 
cells (mammals — rodents) [3, 4], with a vector (fleas) 
[5]. The fluorescent protein GFP as a biosensor has been 
successfully used to detect Y. pestis in mixed cultures, 
tracking bacteria in vitro and in vivo, establishing intra-
cellular localization of cells of recombinant strains of 
Y. pestis, assessing phagocytosis of Y. pestis by macro-
phages of BALB/c mice [6–9]. Genomic technologies 
have made it possible to use GFP as a molecular vector 
for the development of vaccines against various bacte-
rial and viral infections of humans and animals [1, 10].

One of the main tasks of preclinical studies in the 
development of live vaccines against plague is to de-
termine the degree of residual virulence (harmlessness) 
of the vaccine strain of the plague microbe in terms of 
engraftment and spread in the macroorganism. Tradi-
tionally, live cell engraftment of plague microbe strains 
has been recorded using the bacteriological method. 
Labeling of strains of Y. pestis strains with fluorescent 
proteins opens new possibilities that allow in vivo 
monitoring microorganisms using a number of oth-
er techniques, including luminescence microscopy, 
which provides visualization of the plague pathogen 
by the presence of a specific fluorescent glow [3, 4], 
and flow cytometry, which helps to determine the 
number of live microbial cells by light scattering and 
fluorescence intensity of each individual cell in a sus-
pension of organs [11]. 

It is known that the reference Y. pestis vaccine 
strain EV NIIEG takes root and reproduces in the or-
gans of laboratory animals, which contributes to the 
development of active plague immunity [12]. One of 
the most significant factors influencing the engraftment 
of the plague pathogen, which is able to multiply in 
various conditions similar to its habitat in the bodies 
of warm-blooded mammals (37°C) and poikilothermic 
fleas (20–28°C), is temperature [13]. The tempera-
ture-dependent adaptation strategy of Y. pestis is an 
essential part of the concept of the bacterium overcom-
ing innate immunologic defense mechanisms, such as 

phagocytosis, and the induction of an inflammatory re-
sponse by macrophages and neutrophils [13]. 

The use of various immunomodulators in the 
scheme of plague vaccination allows to reduce the anti-
genic load on the body without reducing the intensity of 
the immune response. Thus, azoxymer bromide (AB) in 
combination with the Y. pestis vaccine strain EV NIIEG 
has a stimulating effect on the reactivity of cells of the 
phagocytic system of laboratory animals, increases the 
protective activity of live plague vaccine almost 3 times 
and, as well as human recombinant interferon-γ (HRI), 
stimulates antibody formation and cytokine response 
[14–16]. 

Taking into account all of the above facts, an at-
tempt was made to expand the possibility of assessing 
the effectiveness and duration of the non-sterile phase 
of the immune response, which is an obligatory stage in 
the formation of specific plague immunity, through the 
use of fluorescent proteins in testing various schemes of 
live plague vaccine administration.

The aim of the study is to evaluate the feasibility 
of using biofluorescent proteins on the example of the 
Y. pestis vaccine strain EV NIIEGP pTurboGFP-B in 
schemes of its combined use with immunomodulators 
at the stage of preclinical evaluation of live vaccines.

Materials and methods 
To create a GFP-producing strain, the Y. pestis 

vaccine strain EV NIIEG was used. The gene encoding 
TurboGFP synthesis was introduced as part of the com-
mercial vector plasmid pTurboGFP-B (4103 bp, “Ev-
rogen”) by electroporation according to the recommen-
dations [17]. Electroporation was performed on a Gene 
Pulser Xcell device (“Bio-Rad”) using a standard pro-
tocol for prokaryotic cells. The presence of commercial 
plasmid was determined by antibiotic resistance marker 
by seeding the strain on LB agar plates with 50 μg/mL 
ampicillin. Colonies were viewed with the naked eye, 
as well as on a “Axio Lab.A1” fluorescent microscope 
(“Carl Zeiss Microscopy GmbH”), registering intense 
fluorescent glow in the ultraviolet region of the spec-
trum. The constructed recombinant strain was desig-
nated Y. pestis EV NIIEG pTurboGFP-B (EVGFP) and 
was deposited under the number KM 2115 in the State 
Collection of Pathogenic Bacteria of the Russian An-
ti-Plague Institute “Microbe” of Rospotrebnadzor.

The Y. pestis strain EV NIIEG was grown on LB 
agar (pH 7.2), and the biofluorescent strain EVGFP was 
grown on LB agar (pH 7.2) with ampicillin (50 mg/mL) 
for 48 h at 28°C. Furthermore, EVGFP cell culture with 
increased resistance to leukocyte phagocytosis was 
used [18]. For this purpose, EVGFP cells were seeded 
from a 2-day 28°C culture at a final concentration of 
1 × 107 CFU/mL on LB broth (pH 7.2) and cultured 
under aeration conditions at 37°C for 18 h. Suspensions 
were prepared from EVGFP cultures grown at 28°C 
(EVGFP28) and 37°C (EVGFP37) using the turbidity 
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standard CCA 42-28-59-85P at a concentration of 4 × 
109 CFU/mL.

The experimental model was guinea pigs weigh-
ing 250-350 g obtained from the Experimental animals 
department with a vivarium of the Russian Anti-Plague 
Institute “Microbe”. The animals were divided into 6 
experimental groups of 12 animals each. Guinea pigs 
were subcutaneously immunized with the EVGFP 
strain grown at 28°C (groups 1–3) and 37°C (groups 
4–6) at a dose of 2 × 109 CFU/0.5 mL. Guinea pigs 
from groups 2 and 5 were additionally subcutaneously 
injected with AB (“PetrovaxPharm”) at a concentration 
of 60 μg (EVGFP28+AB and EVGFP37+AB, respec-
tively) 1 h before immunization. Biomodels of groups 
3 and 6 additionally received HRI (“Pharmaclone”) at 
a concentration of 2000 IU (EVGFP28+HRI and EVG-
FP37+HRI, respectively). The control group 7 consisted 
of intact guinea pigs (4 individuals). All manipulations 
with animals were carried out in accordance with the 
legislation of the Russian Federation and international 
principles. Animal immunization experiments were per-
formed in accordance with Sanitary Rules and Standards 
3.3686-21 “Sanitary and Epidemiological Requirements 
for the Prevention of Infectious Diseases”. The program 
of experimental work with animals was approved by 
the Bioethics Commission of the Russian Anti-Plague 
Institute “Microbe” (Protocol No. 5 of 25.05.2023).

The biochemical properties of Y. pestis was studied 
using API standard biochemical test strips (“bioMérieux 
SA”) according to the manufacturer’s instructions.

Morphology of bacterial cells was evaluated using 
an Olympus CX41light microscope (“Olympus”) and a 
VZ-C31S digital camera (“VideoZavr”) in the Video-
Zavr v. 1.5 program at magnifications of 40 and 100. 

The engraftment of EVGFP strain in guinea pig 
organs was evaluated by microscopic and flow cy-
tometric methods. On the 1st, 4th, 7th and 14th days of 
immunogenesis, animals were sacrificed using chloro-
form, dissected and smears of internal organs (injection 
site, inguinal lymph nodes, blood, spleen, liver, lungs) 
were taken. The smears-imprints of animal organs were 
viewed in an Axio LAB.A1fluorescent microscope 
(“Carl Zeiss”) with A-Plan 100x/1.25 OiI objective 
lens at a magnification of × 1000. The specimens were 
examined under the microscope and photographed at 5 
fields of view per preparation. Photographs were taken 
using an AxioCam ERc5s camera (“Carl Zeiss”). 

To investigate the engraftment of Y. pestis EV 
NIIEG pTurboGFP using flow cytometry, a suspension 
of spleen cells at a concentration of 106 cells/mL was 
prepared in RPMI-1640 medium with gentamicin (100 
μg/mL) using the standard method. Then to 100 μL of 
the obtained suspension was added 1 mL of BD FACS 
Lysing Solution (“BD Biosciences”) diluted 10 times 
(according to the instructions) for lysis of erythrocytes 
and fixation of leukocytes and samples were incubated 
for 20 min. 

Cell suspensions were analyzed on a СyAn ADP 
flow cytofluorimeter in the Summit v.4.3 Built 2445 
program. Detection of EVGFP bacteria in phagocytes 
(macrophages and neutrophils) of guinea pig spleen 
was performed according to the previously developed 
protocol for determination of phagocytic reaction in-
dices in human blood and animals with FITC-labeled 
Y. pestis EV NIIEG cells [15, 19]. In spleen cell sus-
pensions, phagocytes were differentiated by light scat-
tering parameters (size and degree of granularity) from 
lymphocytes (Fig. 3, a), and then by gating the phago-
cytic population the percentage of fluorescent phago-
cytes (macrophages, neutrophils) was determined in 
the spleen, which corresponded to the relative content 
of active phagocytes (PI — phagocytic index, %) that 
absorbed in vivo live cells of the tested biofluorescent 
strain of the plague microbe. The average number of 
bacteria absorbed by phagocytes (PN — phagocytic 
number) was estimated by the average value of their 
luminescence intensity in the green region of the spec-
trum (Mean), measured in conventional units of fluores-
cence intensity (cytofluorimeter channels) [14, 19–21]. 

Statistical processing of the obtained results was 
performed using the Microsoft Office Excel 2016, Sta-
tistica 10.0 (“StatSoft Inc.”) standard software package. 
The data were presented as median (Me) and quartile 
deviations (Q25; Q75) with calculation of reliability of 
differences in the studied groups using Mann–Whitney 
U-criterion. 

Results 

Comparative culture analysis of the original vaccine 
strain and biofluorescently labeled vaccine strain

The culture, morphological and biochemical prop-
erties of recombinant EVGFP and the original Y. pestis 
EV NIIEG strains were compared. It was found that the 
recombinant strain had cell morphology typical of the 
plague pathogen. Cells of the strain EVGFP carrying 
the GFP fluorescent protein gene were identified by the 
presence of green fluorescent glow of the bacteria. On 
LB agar with ampicillin, strain EVGFP formed charac-
teristic R-type colonies of yellow-green color (Fig. 1). 

The characteristic features of the growth of the 
plague pathogen in liquid nutrient medium were a 
clear broth and a loose, powdery or flake-like sedi-
ment at the bottom of the test tube, which easily dis-
integrated when shaken. Based on the analysis of bio-
chemical properties, it was found that the recombinant 
strain EVGFP did not differ in its characteristics from 
the original Y. pestis strain EV NIIEG. Both strains 
fermented glucose, mannitol, arabinose, and did not 
degrade inositol, sorbitol, rhamnose, sucrose, melibi-
ose and amygdalin. 

Administration of the EVGFP strain to guinea pigs 
at a massive dose of 2 × 109 CFU did not cause death 
of the biomodels during the entire observation period.
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Thus, the studied EVGFP strain did not differ from 
the original Y. pestis strain EV NIIEG in its cultural, 
morphological and biochemical properties, and also 
corresponded to the reference vaccine strain in terms 
of harmlessness.

Evaluation of the engraftment of Y. pestis strain EV 
NIIEG pTurboGFP by luminescence microscopy
During microscopic examination, EVGFP cells 

were detected in smear-prints only from the site of cul-
ture administration in all groups of immunized guin-
ea pigs and only on the 1st day of immune response 
(Fig. 2). Cells of the fluorescent strain were visualized 
as bright green sticks. The number of bacteria was 
400 ± 100 m bacteria in one field of view, indicating 
abundant EVGFP cell infiltration of the injection site. 
On further observation on the 4th, 7th and 14th days of 

immunogenesis, no cells of the recombinant strain were 
registered in the smear-prints of all examined organs of 
guinea pigs. 

Evaluation of the engraftment of Y. pestis strain 
EV NIIEG pTurboGFP using flow cytofluorimetric 

technology
Taking into account the fact that spleen neutro-

phils and macrophages are one of the main objects for 
assessing phagocytosis and engraftment of Y. pestis 
[11], it was reasonable to use guinea pig spleen cells for 
cytometric studies.

The intensity of the fluorescence signal of GFP 
protein was used to determine the presence of EVGFP 
in the population of spleen phagocytes (macrophages 
and neutrophils), and the indices of the in vivo phago-
cytic reaction were taken into account. The histograms 

Fig. 1. R-type of colonies of Y. pestis strain EV NIIEG pTurboGFP-B, ×40 (а) and ×100 (b).

а b

Fig. 2. Detection of cells of the biofluorescent Y. pestis vaccine strain EV NIIEG pTurboGFP-B in imprint smears of the 
subcutaneous tissue of the guinea pig thigh (injection site) on day 1 of the immune response at ×1000 magnification.

а — image in the microscope eyepiece; b — computer monitor image.

а b
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in Fig. 3, b–d demonstrate the dynamics of the decrease 
in the relative number of phagocytes in the spleen char-
acterized by intense green fluorescence due to the up-
take of cells of EVGFP strain grown at 37°C. 

Fig. 3 clearly shows that in the interval from 1 
to 4 days the proportion of fluorescent phagocytes de-
creased from 94.54 to 21.23%, and by the 14th day — to 
0, i.e. to the values characteristic of spleen phagocytes 
of intact (control) animals, which do not have fluores-
cent luminescence in the green region of the spectrum 
(Fig. 3, e). 

Comparative evaluation of the effect of 
immunomodulatory drugs in combined use with 

biofluorescent strain and conditions of its cultivation 
on phagocytic activity of spleen cells

At the next stage, we analyzed the efficiency of 
drug application on the outcome of interaction of the 
studied EVGFP strain with guinea pig spleen phago-
cytes under in vivo conditions. On the 4th day of immu-
nogenesis, a significant decrease in PI in the  EVGFP28+ 
HRI group was found compared to the same index in 
the EVGFP28 group (Table). 

In the EVGFP37+HRI group, the PI was reg-
istered at the level of the analogous index in the 
 EVGFP37 group. At the same terms (4th day) in the 
EVGFP37+AB group the PI was significantly increased 
(p < 0.05) in comparison with the analogous index in 
the  EVGFP37 group. A significant increase of the PN 
in  EVGFP28+AB group on the 4th and 7th days, and in 
EVGFP28+HRI group — on the 7th day in compari-
son with this index in EVGFP28 group was revealed  
(p < 0.05). 

Next, we determined the effect of EVGFP culti-
vation temperature on the ability of guinea pig spleen 
phagocytes to engulf and digest cells of the fluores-
cent strain. In the EVGFP37+AB and EVGFP37+HRI 
groups at day 4, the PI values were 2-fold higher  
(p < 0.05) than in the EVGFP28+AB and EVGF-
P28+HRI groups, respectively. In the EVGFP37 group 
on the 4th day the PN was 1.5 times higher (p < 0.05) 
than in the EVGFP28 group on average. 

Discussion
The preclinical stage of evaluation of live plague 

vaccines should not only demonstrate that the vaccine 
is immunogenic and has protective efficacy, but also 
substantiate the safety of the preparation, primarily re-
lated to the degree of residual virulence (harmlessness) 
of the vaccine strain of the plague microbe, characteri-
zed by its ability to spread and prolonged persistence in 
the organs of biomodels.

Cell engraftment of the biofluorescent strain was 
studied in guinea pig organs by microscopic and flow 
cytometric methods for 14 days, which corresponds to 
the acceptable period of cell reproduction of the Y. pestis 
vaccine strain EV NIIEG, which causes immunologi cal 

reorganization of the organism (non-sterile phase of im-
munity) [12].

The method of fluorescence microscopy, one of 
the main optical methods of fluorescence visualization 
[22], makes it possible to clearly and efficiently assess 
the stage of virulent strain spreading in organs and tis-
sues of white mice [4]. In our studies, the established 
visualization of EVGFP in smear-prints from the site of 
culture administration in all experimental groups on the 
1st day of the immune response is consistent with the 
results of earlier quantitative bacteriological studies, in 
which the highest number of cells of the Y. pestis vac-
cine strain EV NIIEG were found at the injection site 
(2.3 × 107 m.c./g) after 24 h [12]. 

The absence of fluorescent microbial cells on the 
4th, 7th, and 14th days of immunogenesis is probably due 
to the low concentration of EVGFP in the smear-prints 
(˂ 105 m.c./ml), lying beyond the lower threshold of 
105 m.c./mL sensitivity of fluorescent microscopy [23].

New opportunities were opened by the use of a 
more sensitive and productive technology of flow cy-
tofluorimetric analysis, which allows to control in vivo 
survival of bacteria in phagocytes, as well as to monitor 
their distribution in the host organism in dynamics [11, 
24]. Phagocytes containing fluorescent bacterial cells 
were recorded for 4 days. The decrease in the number 
of fluorescent phagocytes (by the 4th day on average 
4.4 times as compared to the 1st day) could be associa-
ted with both intracellular digestion of ingested bacteria 
and a decrease in the absorption capacity of phagocytes 
towards plague microbes in the active growth stage in 
vivo at the temperature of the host organism. Intracellu-
lar localization of EVGFP in macrophages and neutro-
phils of spleen was confirmed by similar results obtained 
by foreign scientists by flow cytometry in experiments 
with another fluorescent strain of Y. pestis (pAGFP) ex-
pressing GFP [11]. The sample preparation procedure 
we used (Lyse/No-wash) without washing splenocytes 
from the erythrocyte lysing and leukocyte fixing FACS 
Lysing Solution actually completely excluded bacterial 
adhesion on the cell surface, since the solutions used 
for erythrocyte lysis remove bacteria adsorbed on the 
surface of formaldehyde-fixed leukocytes [19]. 

The use of biofluorescent strain and flow cytofluo-
rimetric technology allowed us to register the different 
effect of immunomodulatory drugs used in this work on 
the outcome of interaction of the studied EVGFP strain 
with phagocytes of guinea pig spleen.

The obtained data on the combined use of AB with 
the vaccine strain, based on the analysis of phagocytic 
activity of macrophages and neutrophils of guinea pig 
spleen in our experiment, confirmed the previously re-
vealed fact of the stimulating effect of AB on the phago-
cytic activity of blood leukocytes of BALB/c mice in 
relation to Y. pestis EV NIIEG in in vitro tests [15].

According to the literature data on immunologi-
cal similarity in IFN-γ genetic expression patterns and 
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Fig. 3. Fluorescence intensity of phagocytes of the spleen of guinea pigs immunized with the biofluorescent Y. pestis vaccine 
strain EV NIIEG pTurboGFP-B (37°С) in the dynamics of the immune response.

Cytogram а: area R1 corresponds to the total number of phagocytes FS/SS dot plot of a sample of guinea pig spleen cells inoculated with the 
original Y. pestis vaccine strain EV NIIEG (control). The characteristic distribution of individual spleen phagocytes by size (FS) and degree of 

granularity (SS) is presented. Spleen phagocytes (28.91% of cells) are localized in the R1 region of the cytogram.
Active phagocytes are localized in the histograms in the R4 region: b–e — days 1, 4, 7 and 14 respectively, after immunization of guinea pigs 

with the Y. pestis EV NIIEG pTurboGFP-B (37°С).

а

b                                                                      c

d                                                                      e
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amino acid sequence homology between guinea pig and 
human [25, 26], HRI had a different effect on the phago-
cytosis process, decreasing the PI and increasing the PN 
(number of microbial cells per phagocyte) at 28°C. This 
increase could be explained by the assumption of the 
ability of HRI to inhibit intracellular digestion of bac-
teria in phagocytes. However, this explanation is con-
tradicted by the known ability of recombinant IFN-γ to 
activate macrophages and cause the death of intracel-
lular microorganisms [27]. Consequently, this fact is 
explained by the effect of IFN-γ on the properties of the 
vaccine strain, leading to a decrease in its engraftment 
in the macroorganism. 

In experiments with the use of biofluorescent 
strain cultures grown in different temperature regimes 
for vaccination, the known fact of longer survival and 
digestion of 37°C Y. pestis culture cells in macrophages 

was confirmed [28, 29], associated with the induction 
of expression of Caf1 (F1) and other antiphagocytic 
factors that block phagocytosis: outer membrane pro-
tein Ail, plasminogen activator Pla, PsaA (pH6 antigen) 
[11, 30, 31]. 

Conclusion
On the example of application of biofluorescent 

Y. pestis vaccine strain EV NIIEG pTurboGFP-B and 
the method of flow cytometry showed the possibility 
of increasing the efficiency of assessment of strain en-
graftment in the macroorganism, and the use of cyto-
fluorimetric technology increases its informativity and 
objectivity, including due to the speed of such analy-
sis, allowing to perform additional studies that reveal 
the mechanisms of interaction between the micro- and 
macroorganism. 

Detection of the biofluorescent Y. pestis vaccine strain EV NIIEG pTurboGFP in guinea pig spleen phagocytes during 
immunization in combination with immunomodulators according to flow cytometry data, Me (Q25; Q75)

Group Immunization schedule Day Phagocytic index, % Phagocytic number

1 EVGFP28 1 89.2 (83.0; 95.4) 19.3 (17.0; 21.5)

4 19.8 (16.6; 22.0) 12.6 (11.8; 13.4) 

7 0.07 (0; 0.1) 1.6 (0.9; 2.3)

14 0 0.7 (0.5; 0.8)

2 EVGFP28+AB 1 99.1 (98.0; 99.4) 24.8 (20.7; 28.9)

4 17.5 (15.4; 19.6) 19.2 (17.5; 20.9)*

7 0.02 (0; 0.05) 10.0 (8.9; 11.2)*

14 0 0

3 EVGFP28+HRI 1 97.4 (95.5; 99.4) 22.1 (18.0; 26.2)

4 9.0 (8.4; 9.6)* 18.2 (15.7; 20.8)

7 0.06 (0; 0.1) 8.7 (7.9; 9.5)*

14 0 1.5 (1.3; 1.7)

4 EVGFP37 1 92.5 (87.8; 97.2) 19.6 (16.2; 23.0)

4 21.2 (18.4; 24.0) 20.1 (15.4; 24.8)#

7 0.1 (0.05; 0.20) 10.0 (8.3; 11.7)

14 0.1 (0.05; 0.20) 1.0 (0.9; 1.1) 

5 EVGFP37+AB 1 98.5 (96.8; 99.2) 25.2 (20.0; 30.4)

4 37.1 (37.0; 41.2)*# 17.5 (14.4; 20.6)

7 0.2 (0.1; 0.3) 10.7 (8.1; 13.3)

14 0 0.3 (0.1; 0.5) 

6 EVGFP37+HRI 1 90.6 ± 5.2 (85.4; 95.8) 21.6 (17.1; 26.2)

4 19.4 (17.6; 21.2)# 21.9 (18.0; 25.8)

7 0.5 (0.2; 0.8) 10.5 (8.4; 12.6)

14 0.2 (0.1; 0.3) 2.3 (1.9; 2.7) 

7 Control (EV) 0 0

Note. * — significant differences (p < 0.05) with group 1 on the corresponding day; # –– significant differences (p < 0.05) between groups 1 
and 4, 2 and 5, 3 and 6 on the corresponding day.
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