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Abstract
Introduction. Recombinant adenoviruses are widely used in the development of vaccines for a variety of 
infectious diseases. Despite numerous clinical trials, only a few types of human (types 5 and 26) and simian 
(isolate Y25) adenoviruses are currently used to produce vaccine formulations. Different types of adenoviruses 
vary in their cellular tropism, which plays a key role in their ability to elicit an immune response.
The aim of this study was to investigate the cellular tropism of the simian adenovirus type 25 in vitro and its 
biodistribution in vivo in comparison with human adenoviruses types 5 and 26.
Materials and methods. The efficiency of in vitro transduction was evaluated on 15 different cell lines using 
recombinant adenovirus vectors expressing the enhanced green fluorescent protein (EGFP) reporter gene. In vivo 
biodistribution and bioluminescence imaging were evaluated in BALB/c mice after administration of recombinant 
adenoviral vectors encoding the luciferase reporter gene. The acute toxicity of a recombinant simian adenovirus 
type 25 vector was assessed in mice and rats following intramuscular or intravenous administration.
Results. Recombinant simian adenovirus effectively transduces a wide range of cells. At the same time, a higher 
tropism to human glioblastoma cells (GL-6) was found compared to the other two studied adenoviruses. In vivo 
experiments have shown that recombinant adenoviruses are mainly localized at the injection site, and transgene 
expression persists for 21 days. Acute toxicity studies demonstrated that simian adenovirus type 25 vector was 
well-tolerated, with no animal deaths or detectable toxic effects. 
Conclusion. The new platform based on the recombinant simian adenovirus type 25 is not inferior to the existing 
and well-established delivery systems based on human adenoviruses types 5 and 26. Due to ihigh transduction 
leveland favorable safety profile, the use of the simian adenovirus type 25 in medicine has the potential to offer 
many benefits for the development of vaccines against future infectious diseases.
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Аннотация
Введение. Рекомбинантные аденовирусы (rAd) широко используются для разработки вакцин против ряда 
инфекционных заболеваний. Несмотря на большое количество клинических исследований, на сегодняш-
ний день только несколько серотипов аденовирусов человека (5-й и 26-й серотипы) и обезьян (изолят Y25) 
на постоянной основе применяются для создания вакцинных препаратов. Различные серотипы rAd отли-
чаются тропностью к клеткам, что играет ключевую роль в их способности к индукции иммунного ответа. 
Цель работы — изучить клеточный тропизм in vitro и биораспределение in vivo rAd обезьян 25-го серотипа 
(SAd25) в сравнении с аденовирусами человека 5-го и 26-го серотипов.
Материалы и методы. Эффективность трансдукции in vitro оценивали на 15 клеточных линиях с ис-
пользованием rAd, экспрессирующих репортерный ген EGFP. Биораспределение и биолюминесцентную 
визуализацию in vivo оценивали на мышах BALB/c с использованием rAd, экспрессирующих репортерный 
ген люциферазы. Острую токсичность SAd25 оценивали на мышах и крысах при внутримышечном и вну-
тривенном введении. 
Результаты. SAd25 эффективно трансдуцирует всю панель клеточных линий, при этом обнаружена более 
высокая тропность к клеткам глиобластомы человека (GL-6) по сравнению с двумя другими исследован-
ными rAd. В экспериментах in vivo показано, что rAd в основном локализуются в месте введения, экспрес-
сия трансгена сохраняется в течение 21 дня. В экспериментах по оценке острой токсичности SAd25 живот-
ные хорошо переносили введение препарата, гибель животных не зафиксирована, токсические эффекты 
не обнаружены.
Заключение. Новая платформа на основе SAd25 не уступает уже существующим и хорошо зарекомен-
довавшим себя системам доставки на основе аденовирусов человека 5-го и 26-го серотипов. Благодаря 
высокому уровню трансдукции и благоприятному профилю безопасности SAd25 может предложить ряд 
преимуществ для разработки вакцин против новых инфекционных заболеваний.

Ключевые слова: аденовирусный вектор, аденовирус человека, аденовирус обезьян, тропизм, биорас-
пределение, острая токсичность
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Introduction
Adenoviruses (Ad) are non-enveloped DNA-con-

taining icosahedral-shaped viruses. The Adenoviridae 
family consists of 6 genera, including viruses of the 
Mastadenovirus genus that infect mammals, includ-
ing humans [1]. Human Ads are divided into 7 species 
(Mastadenovirus adami, Mastadenovirus blackbeardi, 
Mastadenovirus caesari, Mastadenovirus dominans, 
Mastadenovirus exoticum, Mastadenovirus faecale, 
Mastadenovirus russelli) depending on their morpholog-
ical, virological, serological and genetic characteristics. 
The fundamental biological properties of Ad species 
Mastadenovirus caesari (formerly human adenoviruses 
of subgroup C) have long been widely studied, which has 
made them popular targets for the development of vector 
systems for the delivery of foreign genetic information 
in vivo and in vitro [2, 3]. 

To date, significant progress has been made in the 
use of Ad as vector vaccines [3-6]. Over the past 10 
years, vaccines for the prevention of Ebola virus dis-
ease and COVID-19 coronavirus infection have been 
approved and registered in Russia [7, 8]. The experi-
ence of vaccination during the COVID-19 pandemic 
proved the safety and efficacy of Ad-based vector vac-
cines. Three Ad platforms were used for large-scale 
vaccination: based on human Ad of type 5 (Ad5), type 
26 (Ad26) and chimpanzee adenovirus (isolate Y25) [5, 
7, 9]. Despite a large number of clinical studies, only 
a few human and chimpanzee Ad types (Ad6, Ad35, 
ChAd63, ChAd3) have been studied as the basis for 
vector vaccines [10]. Different types have distinct char-
acteristics in cell tropism, which may play a key role 
in the induction of immune response by affecting the 
expression and distribution of the target antigen [11]. 
The key characteristics in selecting alternative types of 
Ad are low seroprevalence in the human population and 
the ability to induce high levels of specific immune re-
sponses to the target antigen. 

Previously, a technology platform based on simian 
Ad type 25 (SAd25) was developed [12]. The aim of 
this study was to compare the tropism of Ad5, Ad26 
and SAd25 in vitro and in vivo.

Materials and methods

Cell lines

15 cell lines of different origins were used in the 
experiments:

1) human cells: HEK 293 (embryo kidney cells 
transformed by E1 region of Ad5), H292 (lung mu-
coepidermoid carcinoma cells), H460 (large cell lung 
carcinoma cells), H1299 (non-small cell lung cancer 
cells), A549 (lung adenocarcinoma cells), A431 (epi-
dermoid carcinoma cells), GL-6 (glioblastoma cells), 
LHR-T (embryonic lung cells), HeLa (cervical carci-
noma cells);

2) monkey cells: two green monkey kidney cell 

lines (CV-1 and Vero E6);
3) mouse cells: L929 (fibroblast cells) and EPNT-5 

(glioblastoma cells);
4) hamster cells: CHO (Chinese hamster ovary 

cells) and BHK-21 (newborn Syrian hamster kidney 
cells). 

Recombinant adenoviruses
Recombinant Ad5- and Ad26-vectors carrying the 

reporter gene of the enhanced green fluorescent protein 
EGFP (rAd5-EGFP and rAd26-EGFP), the luciferase 
gene (rAd5-Luc, rAd26-Luc) were obtained earlier 
[7, 12, 13]. To clone the luciferase gene or the SARS-
CoV-2 virus glycoprotein S gene into the rSAd25 ge-
nome, we used the technique described previously [12]. 
The pArms-SAd25-Luc or pArms-SAd25-S-CoV2 car-
rying expression cassettes with the reporter gene or 
antigen were linearized and added to pSAd25-EGFP 
containing the ΔE1/ΔE3 gene. After electroporation in 
E. coli BJ5183 cells, homologous recombination result-
ed in pSAd25-Luc or pSAd25-S-CoV2 encoding the  
ΔE1/ΔE3 genome of SAd25 with an expression cas-
sette. rAd was rescued and grown in HEK 293 cells.

Laboratory animals
All animal experiments were performed in strict 

compliance with the recommendations of the National 
Standard of the Russian Federation (GOST R 53434-
2009 Principles of Good Laboratory Practice), and the 
methods used were approved by the Biomedical Ethics 
Committee of N.F. Gamaleya NRCEM (Protocol No. 
30 of 28.10.2022). Six-week-old female BALB/c mice 
(18-20 g) were obtained from the Pushchino Nursery 
(Russia; accredited by the International Association for 
Assessment and Accreditation of Laboratory Animal 
Care). Outbred (mongrel) mice and rats were obtained 
from the Andreevka branch of the Scientific Center for 
Biomedical Technologies of the Federal Medical and 
Biolo gical Agency of Russia. The animals had free ac-
cess to water and standard rodent food.

Determination of the infectious titer of adenoviruses
The quantity of infectious Ad particles was de-

termined by an endpoint dilution assay TCID50 (50% 
tissue culture infectious dose) in HEK 293 cell culture. 
Cells were plated into 96-well plates at 3 × 104 cells per 
well. Then, serial 10-fold dilutions of virus were added in  
8 repeats. The plates were incubated for 12–14 days, 
and the result was recorded visually by the presence of 
cytopathic effect (CPE). The virus titer was calculated 
according to the Reed-Mench formula and expressed in 
TCID50/mL [14].

Determination of adenovirus replication
To study the kinetics of Ad replication, HEK 

293 cell culture was plated into 96-well plates at the 
rate of 3 × 104 cells per well. Cells were then infect-
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ed with rAd5-EGFP, rAd26-EGFP, and rSAd25-EG-
FP at a dose of 0.01 TCID50/cell. Culture plates 
were incubated for 6–7 days at 37ºC and 5% CO2. 
The results were recorded using a Lionheart FX  
Automated Microscope (BioTek Instruments Inc.).

Transduction of cell lines by recombinant adenoviruses
Two to three hours before transduction, cells were 

pla ted into 48-well plates at the rate of 105 cells per 
well. Cells were then transduced with rAd5-EGFP, 
rAd26-EGFP and rSAd25-EGFP at a dose of 1 TCID50/
cell. Culture plates were incubated at 37ºC and 5% 
CO2. Fluorescence intensity was measured on a Syner-
gy H1 Hybrid Multifunctional Reader (BioTek Instru-
ments Inc.) using Gen5 Microplate Reader and Imager 
Software. 

Administration of recombinant adenoviruses  
to animals

For biodistribution studies, rAd was injected once 
intramuscularly at a dose of 1010 or 1011 viral particles 
(v.p.) per animal (n = 3). Animals in control group were 
injected with sterile phosphate-buffered saline (PBS) 
(Paneco). The research protocol was approved by the 
Committee on Biomedical Ethics of the Gamaleya Na-
tional Research Center for Epidemiology and Microbi-
ology, Moscow, Russia (protocol No. 30, October 28, 
2022).

Determination of adenovirus DNA  
in animal organs and tissues

Animals were euthanized 24 h after rAd adminis-
tration. Organs were harvested, weighed and homog-
enized in PBS. DNA was isolated using the Wizard 
Genomic DNA Purification Kit (Promega). Viral DNA 
was determined by real-time polymerase chain reac-
tion on a CFX 96 thermocycler (Bio-Rad): primers 
(5’-GGCGGCGGCTGGCGGTAGA-3’ and 5’-GCAA-
CATCTGGAACCGCGCG-3’), qPCRmix-HS SYBR 
mix (Eurogen). The initial denaturation step (5 min at 
95ºC) was followed by 40 cycles of 15 s at 95ºC, 30 s at 
61ºC and 30 s at 72ºC. The data were processed using 
Bio-Rad CFX Manager software. 

Bioluminescence imaging in vivo
Luciferin (Promega; 2.5 mg/animal) was dilu-

ted in PBS and injected intraperitoneally into mice 
on days 1, 3, 7, 14 and 21 after rAd administration. 
Animals were anesthetized with isoflurane (Piramal 
Critical Care) for 5-10 min, followed by biolumines-
cence imaging on an IVIS Lumina Series II instrument 
(Caliper). Exposure times were adjusted to avoid pixel 
oversaturation, and flux measurements were converted 
to photons per second for comparative evaluation of 
luminescence at different time points. Luminescence 
image data were analyzed using the Living Image v. 
4.2 software.

Methods of acute toxicity assessment

In the toxicity experiment, the effect of rSAd25-S- 
CoV2 on experimental animals (mice and rats) was 
evaluated by intramuscular (for mice and rats) and in-
travenous (for mice) administration. For each route of 
administration, 4 groups of outbred mice of both sexes 
(10 females and 10 males per group) were formed and 
injected with rAd at different do ses (109, 1010 and 1011 
v.p. per animal). The control group was injected with 
PBS. Three groups of rats (10 females and 10 males per 
group) were formed and injected with rAd at different 
doses (1010 and 1011 v.p. per animal). The control group 
was injected with PBS. After a single injection of the 
drug, the animals were monitored for 14 days with dai-
ly clinical examination. Parameters of functional state, 
appearance, physiologic functions were recorded. On 
days 0, 7 and 14, the animals were weighed. On the 
14th day animals were euthanized and complete nec-
ropsy was performed. At necropsy, the external state of 
the body, internal surfaces and passages, cranial cavity, 
thoracic, abdominal and pelvic cavities with organs and 
tissues in them, neck with organs and tissues, and ske-
letal-muscular system were examined.

Statistical analysis
Data were processed using the following computer 

programs: GraphPad 8.0 and Microsoft Excel.  For quan-
titative results, arithmetic mean, geometric mean, stan-
dard error of the mean and standard deviation were cal-
culated. When analyzing data from unrelated samples, 
Student’s test, Mann–Whitney test or Kraskell–Wallis 
test were used. The a-priori level of significance was tak-
en as α = 0.05. Differences were considered statistically 
significant at the achieved significance level p < α.

Results

Construction of recombinant vectors based  
on simian adenovirus serotype 25

A recombinant replication-defective vector based 
on SAd25 with an EGFP reporter gene (rSAd25-EGFP) 
was obtained earlier [12]. Recombinant vectors carry-
ing the luciferase gene (rSAd25-Luc) and the S-protein 
gene of SARS-CoV-2 coronavirus (rSAd25-S-CoV2) 
were obtained in a similar manner (Fig. 1, a).

To evaluate the reproductive efficiency of the re-
combinant vector based on the simian adenovirus in 
permissive culture, rSAd25-EGFP carrying the gene 
of a fluorescent protein reporter was used. rAd5-EGFP 
and rAd26-EGFP carrying a similar transgene served as 
comparison vectors. HEK 293 cells were infected with 
the studied Ads at a rate of approximately 1 infectious 
particle per 100 cells. Visual evaluation of the results 
was performed starting 96 h after transduction every 16 
h (Fig. 1, b). 

After 96 h, intense fluorescence induced by re-
combinant viral vectors was observed. In contrast to the 
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Fig. 1. Schematic representation of the recombinant SAd25 genomes (a) and comparison of the reproduction efficiency  
of rSAd25-EGFP, rAd5-EGFP and rAd26-EGFP in HEK 293 (b).

а | а 

б | b 

ДНК SAd25
a

b 96 h +16 h +32 h +48 h +64 h

SAd25-S

SAd25-Luc

SAd25-EGFP



598 599ЖУРНАЛ МИКРОБИОЛОГИИ, ЭПИДЕМИОЛОГИИ И ИММУНОБИОЛОГИИ. 2024; 101(5) 
DOI: https://doi.org/10.36233/0372-9311-573

ОРИГИНАЛЬНЫЕ ИССЛЕДОВАНИЯ

comparison vectors, the formation of fluorescent focus-
es was detec ted only in wells with rSAd25-EGFP, indi-
cating a higher rate of accumulation of viral progeny in 
the infected cells. Over time, the focuses increased in 
size, leading to cell monolayer lysis and a pronounced 
cytopathic effect. Thus, the rSAd25 vector has lytic 
potential; replication leads to significantly greater cell 
damage compared to rAd5 and rAd26.

An in vitro study of rSAd25-EGFP tropism 
To determine the tropism of rSAd25, the transduc-

tion efficiency of different cell types (human, hamster, 
monkey, mouse origin) was examined in comparison 
with the commonly used vectors rAd5 and rAd26. The 
investigated replication-defective vectors contained the 
EGFP gene under the control of the cytomegalovirus 
promoter, which provides similar levels of expression 
after transduction. All cell lines were transfec ted with 
rSAd25-EGFP, rAd5-EGFP, and rAd26-EGFP at a dose 
of 1 TCID50/cell. The indicated dose of virus, on the one 
hand, has no cytotoxicity and, on the other hand, allows 
to expect that each cell will contain approximately only  
1 v.p. Transduction with a higher dose leads to infection 
of one cell with several viral particles and, consequent-
ly, transgene expression is not linear. Transduction effi-
ciency was assessed by the level of EGFP fluorescence 
in cells and expressed as relative units. The total value 
was determined by subtracting the fluorescence level 
of intact cells from the fluorescence level of transduced 
cells (Fig. 2).

EGFP expression was detected in all studied cell 
lines. The transduction of Vero E6 monkey cells differed 
when different adenoviral vectors were used. The highest 
le vel of EGFP expression in Vero E6 cells was observed for  
rSAd25-EGFP. 

The investigated adenoviruses penetrated into 
hamster (BHK-21, CHO) and mouse (L929, EPNT-6) 
cells with comparable efficiency. 

The tropism of rSAd25-EGFP, rAd5-EGFP and 
rAd26-EGFP differed in human cells. SAd25-EGFP 
penetrated human glioblastoma GL-6 cells with high-
er efficiency. The fluorescence level of rSAd25-EGFP 
in human lung carcinoma H292 and H460 cells was 
significantly higher than that for rAd5-EGFP. Mean-
while, in another lung carcinoma cell line (H1299), 
rAd26-EGFP showed an advantage.

In vivo biodistribution assessment  
of recombinant adenoviruses

The biodistribution features of rAd5-EGFP, 
rAd26-EGFP and rSAd25-EGFP were studied in experi-
ments on BALB/c mice using two methods: viral genome 
detection and transgene expression. 24 h after intramus-
cular injection of rAd at a dose of 1010 v.p., the number 
of Ad genome co pies in tissues and organs was ana - 
lyzed by real-time polymerase chain reaction (Fig. 3).

Among the 14 selected organs and tissues, viral 
DNA was mainly detected in muscle samples from 
the injection site. Moreover, the copy number of 
rSAd25-EGFP DNA in muscle was significantly higher 
than that of rAd26-EGFP and rAd5-EGFP DNA, respec-
tively. In addition to the injection site, small amounts of 
rAd5 genomes were detected in the lower lymph nodes 
as well as in the blood (rSAd25 and rAd5).

For bioluminescent imaging, we used rAds ex-
pressing the luciferase gene, which were injected into 
animals intramuscularly at a dose of 1011 v.p. For all 
Ad types, the bioluminescent signal was detected only 
at the injection site (Fig. 4). After a single injection of 
rAd5-Luc, rAd26-Luc, or rSAd25-Luc, the highest lu-

Fig. 2. Tropism of rAd5-EGFP, rAd26-EGFP and rSAd25-EGFP to different mammalian cell cultures. 
* — statistically significant difference with rSAd25-EGFP; & — statistically significant difference with rAd26-EGFP;  

# — statistically significant difference with rAd5-EGFP.
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ciferase expression was detected 1 day after injection 
(Fig. 4, a). The highest luciferase acti vity was observed 
in mice injected with rAd5-Luc, whereas the lowest ac-
tivity was observed in the group of mice with rAd26-
Luc. Luciferase activity gradually decreased by day 
21 for all adenoviruses (Fig. 4, b). However, the smal-
lest drop in transgene expression level (approximately 
100-fold) was observed in mice injected with rSAd25-
Luc. For rAd5-Luc and rAd26-Luc, luciferase activity 
decreased more than 250 and 400 times, respectively 
(Fig. 4, c). 

Acute toxicity study of rSAd25
The acute toxicity of rSAd25 expressing the tar-

get gene of protein S of SARS-CoV-2 virus (rSAd25-
S-CoV2) was studied in mice and rats of both sexes a 
single intramuscular or intravenous injection. The use 
of rAd with the target antigen allows the most adequate 
assessment of toxicity of both the vector itself and the 
insertion.

 The tested animals (mice and rats) tolerated well 
both intramuscular and intravenous administration of 
adenovirus preparation in all doses. During the obser-
vation period, no animal died and no clinical signs of 
intoxication were observed. Integral indices of animal 
condition did not differ between experimental and con-
trol groups. Positive dynamics of body weight change 
was observed in all groups (Fig. 5). 

Macroscopic examination of mice revealed no ef-
fect of rSAd25 on the state of internal organs; no dif-
ferences were found between control and experimental 
groups. Macroscopic examination of male rats revealed 
differences between experimental and control groups. 
In 4 out of 10 male rats injected with 1011 v.p. and in 
2 out of 10 male rats injected with 1010 v.p., areas of 
decreased airiness of lung tissues (atelectasis) and foci 

of coagulation necrosis with signs of organization were 
observed. It is important to note that no pathomorpho-
logic changes of lungs were detected in the studied fe-
males. The results of macroscopic examination of other 
internal organs of rats of experimental groups did not 
differ from those of the control group. 

Discussion 
Ad-based vectors are excellent tools for the delivery 

of foreign genetic information into mammalian cells due 
to their large packaging capacity and high functional 
titers. Ad vectors are widely used for the development 
of vector vaccines and gene therapy drugs. However, 
their use may be limited when target cells lack receptors 
involved in attachment and internalization. In this case, 
the use of vectors based on alternative types of Ads will 
be significant only if the reproductive potential of the 
selected vector is high.

The standard strategy for producing recombinant 
replication-defective Ad vectors is to delete the E1 re-
gion of the genome. One important aspect of success-
ful complementation of E1-deleted Ad is the functio-
nal interaction of the E1B 55K protein (produced by a 
trans-complementary cell line) with the E4 34K protein 
in the virus genome. At the same time, the development 
of complementary cell lines for different types of rep-
lication-defective vectors is a labor-intensive process. 
Therefore, the availability of non-human Ad types ca-
pable of replicating in cells such as HEK 293 (human 
cells transformed with E1 region of Ad5 genome) is a 
great advantage. Although the sequence similarity be-
tween the E1B 55K proteins of Ad5 and SAd25 is about 
56%, rSAd25-EGFP was produced and accumulated in 
high titers in HEK 293 cell culture without additional 
viral genome modifications. The results obtained differ 
significantly from the data of other studies, which show 

Fig. 3. Comparative analysis of adenovirus biodistribution in mice. 
Each column represents the average number of genomes with a standard deviation.
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that the replacement of open reading frame 6 in the E4 
region is necessary for successful replication of the re-
combinant vector [15].

The nature of Ad receptor expression on the sur-
face of cells (both primary and secondary) determines 
the tropism of the virus, which determines the range of 

vector applications. SAd25 uses CAR (coxsackie and 
adenovirus receptor) as a primary cellular receptor, like 
most other Ad types [16, 17]. The amino acids involved 
in the interaction with CAR are located in the loop of 
AB knob-domain of the fiber. The key amino acids in 
Ad5 are Ser408, Pro409, Lys417 and the corresponding 

1st day 3rd day 7th day 14th day

14th day
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amino acids in other types: Ser196, Pro197, Lys205 in 
Ad26 and Ser255, Pro256, Lys267 in SAd25 [17]. The 
Ad5 and SAd25 fiber sequences are 63.9% similar, and 
it is not surprising that both recognize the same recep-
tor. Like Ad5 and Ad26, SAd25 uses αv-integrins as a 
secondary receptor for internalization due to the pres-
ence of an RGD (Arg-Glu-Asp) sequence at the base of 
the penton [18]. 

To better understand the tropism of SAd25, we an-
alyzed the transduction efficiency of SAd25 versus Ad5 
and Ad26 using replication-defective vectors express-
ing EGFP (SAd25-EGFP, Ad5-EGFP, Ad26-EGFP). 
Experimental results showed that SAd25 efficiently 
transduced all cell lines tested. Its broad transduction 
profile was attributed to its interaction with CAR and 
αv-integrins. However, interaction with these receptors 

Fig. 5. Study of acute toxicity of rSAd25-S-CoV2 in mice and rats.
i.v. — intravenous; i.m. — intramuscular.
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is not the only factor determining the cellular tropism 
of the virus. The observed differences in Ad tropism of 
subgroups C, D, and E can be significantly influenced 
by the length of the fiber, as it is the main factor that 
determines the strategy of Ad attachment to the cell. 
Therefore, an interesting aspect of our analysis was the 
increased tropism of SAd25 to human neuroblastoma 
cells. Further studies are needed to specifically define 
the mechanism of virus entry into these cells. 

In the present study, we showed the biodistribu-
tion of SAd25 by viral DNA detection in organs or tis-
sues and transgene expression. It should be noted that 
these two indicators do not necessarily coincide with 
each other for several reasons: the same promoter may 
have variable activity in different cell types; different 
virus types may have different fates after entering the 
same cell type; degraded virus in the lysosome can 
no longer express the transgene, but viral DNA is still 
detectable.

Considering that the intramuscular route is the 
most commonly used vaccination strategy, a compar-
ison of vectors based on different Ad types after a sin-
gle injection was performed. Local expression of the 
luciferase gene continued for 3 weeks and gradually 
decreased. The expression level after rSAd25-Luc in-
jection was lower than after rAd5-Luc but higher than 
after rAd26-Luc injection. Thus, the data showed that 
SAd25 could be an excellent vector for vaccine deve-
lopment, along with Ad5 and Ad26.

The results of acute toxicity determination demon-
strated that a single intramuscular or intravenous ad-
ministration of SAd25 to mice at doses exceeding the 
equitherapeutic dose by 100 and 1000 times was well 
tolerated by the animals. Death and clinical manifesta-
tions of toxic reactions were not observed. A single in-
tramuscular administration of SAd25 to rats in the range 
of the studied doses did not result in significant toxic 
effects. Certain male rats showed pathomorpholo gic 
changes in the lungs, which were not accompanied by 
clinical manifestations. No other toxic reactions were de-
tected. It is not clear whether these changes were related 
to Ad-vector administration or caused by other factors, 
and whether the changes were temporary or permanent. 
These factors require further investigation, including a 
full cycle of preclinical studies. In summary, the data ob-
tained are consistent with the results obtained for other 
vectors based on different Ad vectors [19–21]. 

Conclusion
The new SAd25-based platform is not inferior to the 

existing and well-established Ad5 and Ad26-based plat-
forms. Given the current challenges, such as the emer-
gence of new viral infections, such as the COVID-19 
pandemic, and the return of known pathogens to the pop-
ulation, the use of simian Ad can significantly accelerate 
the process of developing and introducing new vaccines. 
Ultimately, this will contribute to the improvement of 
public health, both in Russia and abroad. 
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