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Abstract

The global virome (virosphere; unformal domain Viraea) has evolved over at least three billion years through
continuous co-evolution with the major domains of life, including Archaea, Bacteria, and Eukarya. All viral pathogens
known to cause human infectious diseases are of zoonotic origin, having entered human populations at different
stages of human evolution and societal development. This process remains ongoing today.

The global virome constitutes an immense reservoir of viruses with pandemic potential. Continuous shaping
of viral population gene pools under environmental selective pressures drives the emergence of novel human
infections. Certain zoonotic viruses have adapted to sustained human-to-human transmission, becoming
anthroponotic or zooanthroponotic pathogens, whereas others remain primarily zoonotic. To date, more than 500
viruses (representing over 180 species) have been identified as causative agents of human infectious diseases.
Collectively, viral infections affect nearly the entire global population annually: acute intestinal viral infections
account for approximately 6 billion cases, acute respiratory viral infections for 1-5 billion cases, vector-borne viral
fevers for 450 million cases, parenterally transmitted viral hepatitis for 3 million new cases, and HIV infection for 1.5
million new cases, resulting in an estimated 10-15 million deaths annually, excluding long-term sequelae.
Viruses transmitted via the aerosol route periodically give rise to pandemics associated with millions of deaths. At
the time of emergence, humanity is typically unprepared, lacking effective means for prevention and treatment.
The annual economic burden attributable to major viral infections—including HIV, parenteral viral hepatitis, and
influenza—is estimated at hundreds of billions to trillions of U.S. dollars, while the COVID-19 pandemic alone
inflicted global economic losses estimated at USD 8.8 trillion, with long-term consequences projected to reach
USD 16 trillion (roughly 10—15% of annual global economic output). Persistent, centuries-long pandemics caused
by herpesviruses, papillomaviruses, polyomaviruses, and parvoviruses are associated with oncogenesis and a
broad spectrum of systemic diseases, for which preventive and therapeutic options remain limited.

Ensuring biological security requires continuous genomic surveillance of the virome across both natural and
anthropogenically altered ecosystems. Such surveillance will improve the capacity to predict pandemic emergence
and inform strategic approaches to prevention, including vaccine development, as well as antiviral therapies
targeting multiple stages of viral life cycle. Fundamental research into virus—host interactions and the pathogenesis
of viral infections remains essential for advancing preparedness against current and future viral threats.
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Pestome

mobanbHbIN BUpom (BUpocdepa, AomeH Viraea) dopMmnpoBarncs Ha NPOTSXXeHUN He meHee 3 Mnpg, fneT B npoLec-
ce Ko3BOMoLUMmM ¢ JomeHamu Buocdepsbl (apxen, baktepun, aykapmoThbl). Bce Bo3byautenu BUpYCHbIX MHAEKLMIA
YeroseKa MMeIOT 300HO3HOE MPOUCXOXAEHWE, OHN NPOHUKNW B MOMYNALMIO NOAEN Ha pasHbIX 3Tanax 3B0NoLUN 1
dopmMupoBaHusa Yenoseveckoro obLiectsa. MNpouecc NpoaormKaeTcs U B HACTosILLEe BPEMS.

[MoGanbHbIi BUPOM COOEPXUT OrPOMHBIN MOTEeHLMan BUMPYCOB, KOTopble, Bnarogaps nepmaHeHTHoMy dopmu-
pOBaHMO NOMYNSALUMOHHBIX FeHOOHAO0B NoA BNMAHUEM cpefbl 0OUTaHWNs, CTAHOBSITCH NPUYMHON BO3HWUKHOBEHUS
HOBbIX MH(beKuut Yenoeka. OgHM 300HO3HbIE BUPYChI NPEBPAaTUINCL B @HTPOMOHO3bl M 300@HTPOMOHO3bI, Apyrue
ocTanuce 30oHo3amu. M3secTtHo cebiwe 500 Bupycos (6onee 180 BMAOB), BbI3biBAIOLLMX MHIDEKLMOHHYIO NaTomMo-
rmio yenoseka. ExxerogHo MHULIMPYETCA NpakTUYeCkn BCe HaceneHne 3eMnu: Bo30yAMTENSIMU OCTPbIX KULLEYHbIX
MHdpekumin — 6 mnpa Yenosek, OPBU — 1-5 mnpa, TpaHCMUCCUBHBIMU Ninxopagkamu — 450 MiH, napeHTeparnbHbl-
MU renatutamu — 3 mnH, BUY — 1,5 mnH, co cmepTtHocTbio B 10—15 MIH YenoBek, 6e3 yyeTa oTaaneHHbIX nocnes-
CTBUI. Bupychl ¢ aspo3onbHoM nepegayert neproanyecky Bbi3biBaloT NaH4eMmm ¢ rmbensio MUNNIMOHOB YENoBeK.
Kak npaBuno, B MOMEHT UX BO3HUKHOBEHWNS YEMOBEYECTBO HEe pacnonaraeT cpeAcTBaMmn Ans ux NpounakTuku u
neyeHns. SKOHOMMYECKMI yLLLEep6 TONBbKO OT HEKOTOPbLIX BUPYCHBIX MHMeKUmi (BUY, napeHTepanbHble renatuThbl,
rpunn) exerogHo coctaenseT 0,5-1,0 TpnH gonn. CWA, a naHgemus COVID-19 HaHecna MUPOBOM 3KOHOMMKE
ywep6, oueHnBaembin B 8,8 TpnH 4oNM. € AONTOCPOYHbIMU nocneacTauamm go 16 TpnH gonn. (10—-15% muposoro
BBI1). MHoroBekoBble naHaeMum reprnec-, nanunnoma-, NofimoMa-, NapBoBUPYCOB COMPOBOXAAITCA OHKOMornye-
CKUMW U APYTMMU CUCTEMHBLIMU 3a60NeBaHMAMU, BOSMOXHOCTM NPOUNAKTUKM N NTEYEHUST KOTOPbIX OrpaHUYEHbI.
[ns obecneyeHuns Guonorunyeckon 6esonacHoCTM HeobxoaAMMO NpoBeaeHNe NOCTOSAHHOIO FEHOMHOIO MOHUTOPUWH-
ra BUpOMa NpMpPOAHbIX N aHTPOMOreHHbIX 3KOCUCTEM, YTO MO3BOMMT NPOrHO3MPOBaTbL BO3HWUKHOBEHUE MaHAeMUiA
1 onpefenuTb cTpaternyeckne NoAxoabl K npodunnakTuke (BakumHbl) U NeveHuto (MpoTMBOBUPYCHbIE Npenaparsl,
HanpaeneHHbIe Ha pa3nuyHbIe 3Tanbl penpoaykuum Bupyca). O4eBnaHa Heo6xoAMMOCTb NpoBeAeHNs PyHOAMEH-
TarnbHbIX UCCNeaoBaHWU NO B3aVMOAENCTBUIO BUPYCOB C OPraHN3MOM YernoBeka M natoreHesy UHMEKLMOHHOMo
npouecca.

Knroyeenbie crnoea: supycHbie UHEKUUU; 300HO3bl; 300aHMPOINMOHO3bI; aHMPOMNOHO3bI, NaHoemMuu; buonoauye-
ckasi besonacHocmb, aKoHomMu4veckul yuepb; 6uUO3IKOHOMUKaA, supocghepa; arnobarbHbIl 8u-
pom
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®duHaHcuMpoBaHue. ABTOPbI 3asBMsIOT 06 OTCYTCTBUMU BHELLHEro (dMHAHCUPOBAHUS NMPY NPOBEAEHUN UCCIIE0BaHMS.

KoHbnukT nHTepecoB. ABTOPbI AeKNAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHLMANbHbIX KOH(IMKTOB MHTEPECOB,
CBsI3aHHbIX C Nybnukaumein HacTosiLLen cTaTbi.

Introduction

Viral infections represent one of the major threats to
public health worldwide. They have a significant impact
on human life expectancy and quality of life, and also
impose a serious economic burden on nations. On a
global scale, the pathogens of two main groups are of
primary importance to humanity: anthroponoses and
zoonoses with pandemic spread (influenza and acute
respiratory viral infections (ARVI), coronaviruses, acute
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intestinal infections, human immunodeficiency virus
(HIV), parenteral hepatitis, parvovirus, papillomavirus,
herpesvirus, and poliovirus infections) and zoonoses, of
which the most damaging are vector-borne “mosquito”
fevers (dengue, yellow fever, chikungunya, Zika, West
Nile), as well as numerous infections transmitted by ticks,
mosquitoes, and midges. Zoonotic hemorrhagic fevers
transmitted by direct contact, such as Ebola, Marburg,
and Nipah fevers, New and Old World arenavirus fevers,
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and poxviruses, remain extremely relevant. According to
rough estimates, more than 7 billion people worldwide are
infected with viral infections annually—that is, virtually
the entire global population—with the majority of cases
involving various forms of acute respiratory infections
(6 billion), seasonal influenza and acute respiratory viral
infections (1-5 billion people per year), tropical fevers
(about 450 million infections), new cases of parenteral
hepatitis (3 million), and HIV (1.5 million infections). In
addition, herpes, papilloma, and polioviruses—along with
the associated cancers and other systemic diseases—are
widespread. Annual mortality from viral infections of
all types reaches 10—15 million people, excluding long-
term health consequences, related complications, and
reductions in life expectancy and quality of life. These
statistics must be supplemented by the millions of patients
dying from cancers, central nervous system (CNS)
diseases, cardiovascular diseases, and diseases of the
liver and gastrointestinal (GI) tract, triggered by various
viral infections that act as a trigger for the pathological
process or exacerbation of its chronic course'~.

Viral infections cause enormous economic damage,
both in the form of direct treatment costs and as a result
of lost workdays, reduced productivity, and other factors.
According to research by the World Bank (2020), the
direct and indirect economic losses from just a few
viral infections (influenza, HIV, hepatitis, dengue, etc.)
can range from $500 billion to $1 trillion annually. The
emergence of new epidemic and pandemic pathogens,
such as new strains of influenza or the SARS-CoV-2
coronavirus, causes even greater damage. According to
United Nations estimates, the COVID-19 pandemic has
caused global losses to the world economy estimated at
$8.8 trillion, and long-term losses could reach $16 trillion
(10-15% of global GDP) [1].

All organisms serve as hosts for viruses. The global viral
pan-genome contains approximately 10'° genes [2]. It is
now firmly established that viruses are ubiquitous across
all three domains of the biosphere: archaea, bacteria, and
eukaryotes. Moreover, the coevolution of viruses with
their hosts has continued for over 3.9 billion years since the
emergence of the last universal common ancestor (LUCA)
of archaea and bacteria, long before the appearance of the
eukaryotic cell. All major biogeochemical processes were
carried out by prokaryotes—archaea and bacteria [2—4].
LUCA presumably already possessed a virome including
the ancestors of modern tailed phages and viruses with a
major capsid protein featuring a single or double B-barrel
fold [5]. Thus, the emergence of viruses occurred prior to
the existence of LUCA and eukaryogenesis, which took
place approximately 1.8 billion years ago [5, 6].

The first eukaryotic cells arose through endosymbiosis
between archaea (Asgardarchaeota kingdom) and
eubacteria from the o-proteobacteria group—the

'World Health Organization. Global excess deaths associated with
COVID-19 2026.
*World Health Organization. WHO Coronavirus (COVID-19)
Dashboard 2026.
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ancestors of mitochondria. The prokaryotic viruses
that existed at that time became the ancestors of
eukaryotic viruses. As new eukaryotic taxa emerged,
their representatives became hosts to various viruses
(Figure) [2, 3, 7-10]. With the evolution of the biosphere
over hundreds of millions of years, viruses became
involved in interpopulation interactions with eukaryotes—
protozoa, algae, fungi, plants, invertebrates, and
vertebrates, including primates (Paleocene—70 million
years ago—the golden age of mammals), specifically
with hominids (Pliocene—6-2.5 million years ago),
hominins (Pleistocene—5-1 million years ago), and Homo
sapiens (300-50 thousand years ago). It was only in the
last 10,000 years, as a result of animal domestication, the
colonization of rodent populations in human dwellings,
and the formation of civilizations, that conditions arose
for the interaction between human and animal viral gene
pools. These processes were accompanied (and continue
to be accompanied today) by the emergence of zoonotic
outbreaks, followed by the transition of a number of
pathogens from the category of zoonotic to that of
zoanthroponotic and anthroponotic [7].

Over the past century, the state of the biosphere has
undergone significant changes due to human activity. The
total mass of anthropogenic origin currently exceeds the total
global biomass of all organisms at any given moment [11].
Viruses can have a significant impact on global processes
within the biosphere and beyond by affecting humanity and
its economic and other activities. For example, observations
using spacecraft have shown a noticeable decrease in
nighttime temperatures on the Moon’s surface during the
COVID-19 pandemic, which the authors attribute to a
decrease in Earth’s albedo due to reduced anthropogenic
emissions that enhance cloud formation [12].

Thus, viruses are one of the oldest components of
the biosphere’s biogeochemical and genetic machinery,
involved in the interaction and regulation of other
components, primarily prokaryotic and eukaryotic
organisms. The global virome (or virosphere, domain
Viraea) is a controlling hub that, despite having minimal
biomass of its own, influences far more significant
flows of matter and energy. The virosphere, through
constant changes in its population gene pools, not only
demonstrates adaptation to environmental conditions but
also contributes to the variability of other domains of the
biosphere, participating in the formation of its biological
diversity [7].

The spectrum of known viral pathogens causing human
infections encompasses at least 500 different viruses,
taxonomically classified into more than 180 genera. Virus
taxonomy/megataxonomy has continued to evolve in
recent years, and many taxonomic ranks continue to be
revised in light of new research [2, 3]. The Table lists
virtually all known human pathogens, indicating the
corresponding nosology and presenting their current
taxonomic status.

Acute intestinal infections

Acute intestinal infections remain one of the most com-
mon infectious diseases worldwide and pose a significant
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Figure. The domains of the biosphere and their approximate time of origin.
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medical and socioeconomic problem. More than 6 billion
cases are reported annually® [13, 14]. Diarrheal diseases
remain one of the leading causes of death from infectious
diseases. According to global estimates, approximate-
ly 1.1-1.5 million people die from diarrheal diseases an-
nually, with a significant proportion of these deaths oc-
curring among children under 5 years of age [15]. The
World Health Organization (WHO) reports approximate-
ly 1.7 billion cases of diarrheal diseases in children each
year, making them one of the leading causes of child-
hood morbidity [16]. Thus, acute intestinal infections
account for a significant proportion of the global burden
of infectious diseases and remain a major public health
problem, especially in low-income countries with inade-
quate access to clean water and sanitation* [13]. Among
the wide variety of viruses etiologically associated with
acute gastroenteritis, five viruses (rotavirus, norovirus,
sapovirus, astrovirus, and adenovirus) play a leading
role, accounting for 40-56.6% of cases among children
hospitalized with diarrhea [13]. Globally in 2021, rotavi-
rus and norovirus were the leading causes of death from
diarrhea in all age groups. The prevalence of these vi-
ruses varies depending on age groups, the epidemic sea-

SWorld  Health  Organization.  Diarrheal  disease  fact
sheet 2024. Available at: https://www.who.int/news-room/fact-
sheets/detail/diarrhoeal-disease (link available as of: 31.03.2026).
“World Bank. Economic impacts of poor sanitation. 2022. Available
at: https://www.worldbank.org (link available as of: 31.03.2026).

206

son, and geographical, environmental, and socioeconom-
ic factors. An analysis of 160 studies from 18 countries
between 1980 and 2019 showed that the overall preva-
lence of rotaviruses, noroviruses, adenoviruses, astrovi-
ruses, and sapoviruses was 29.8%, 13.9%, 6.3%, 3.5%,
and 3.2% of tested samples, respectively. A number of
other viruses capable of replicating in gastrointestinal
cells and causing acute intestinal infections are also rare
causes of diarrhea or asymptomatic infection: cobuvirus-
es (including the Aichi virus), enteroviruses, adenovirus-
es (except group F), toroviruses, coronaviruses (includ-
ing SARS-CoV), parvoviruses (including bocavirus), and
others [17]. Most acute intestinal infection pathogens,
therefore, belong to RNA-containing viruses of various
families, including viruses with a segmented dsRNA
genome of the genus Rotavirus (Riboviria: Orthornavi-
rae: Duplornaviricota: Resentoviricetes: Reovirales: Se-
doreoviridae), and various representatives of non-envel-
oped ss (+)RNA families of the order Picornavirales (Ri-
boviria: Orthornavirae: Pisuviricota: Pisoniviricetes):
noroviruses and sapoviruses of the family Caliciviridae,
and astroviruses of the order Stellavirales (Riboviria:
Orthornavirae: Pisuviricota: Stelpaviricetes). Among
DNA-containing viruses, of most significance are adeno-
viruses (Varidnaviria: Bamfordvirae: Preplasmiviricota:
Polisuviricotina: Pharingeaviricetes: Rowavirales: Ad-
enoviridae: Mastadenovirus) and small, non-enveloped,
single-stranded DNA-containing parvoviruses (Floreo-
viria: Shotokuvirae: Cossaviricota.: Quintoviricetes: Pic-
covirales: Parvoviridae) (Table). In recent years, using
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Table. Taxonomic classification of human viruses and their contribution to infectious disease pathogenesis
Ta6muna. TakcOHOMHYECKOE ITOI0XKCHHIE BUPYCOB, HHPUIUPYIOIUX YeI0BEKA, U UX POJIb B MH(EKIMOHHOI aTOJIOr UK

PEAAKLIVMOHHASA KOHLIEMLMSA

1 2 [ 3]14]|5] 6 7 8 9 10 11
. 5 Virus names used
’é‘ E 2l 2 = 5 — in clinical practice
5| ol 8 2 Bl >3 & Species HasBanus Bupycos, Infection, pathology
g g gl & g e . ] g 3 % (Bun) HCHOJIb3yeMble MNudexuns, naronorus
%% ED§ a § 'qg E% %% 2 B KIIMHHYECKOH
EFEIEEEERE S 3 fipakiie
S, humanalphal Human herpesvirus 1 | Oral herpes (HSV-1) and _genital
: (HHV-1) herpes (HSV-2). A centuries-
long pantropic pandemic with
a global prevalence ranging
from 40% to 100% of the
population. These viruses exhibit
systemic, lymphoproliferative,
and neuropathogenic properties
and act as immunosuppressive
agents. They establish lifelong
N Simplexvirus H , _— persistence and, upon reactivation,
3 uman herpesvirus 1 | can lead to pronounced productive
j§ §. humanalpha2 (HHV-1) clinical ma111)ifestations, iI;lcluding
2 meningoencephalitis, keratitis,
§ hepatitis, and pancreatitis. Due to
2 their immunosuppressive effects, they
S may contribute to immune system
:2* dysregulation and are potentially
involved in aging processes.
Associations have also been
suggested with Alzheimer’s disease
Global distribution (pandemic).
Varicella (primary infection
acquired exogenously via
. . Varicella-zoster virus | the respiratory route) and
Varicellovirus V humanalpha3 (VZV, HHV-3) herpes zoster (resulting from
endogenous reactivation). Clinical
o 2 manifestations include exanthema
s kS| E and, in some cases, encephalitis
8o N Cytomegalovirus infection is
= NI : .
S, g & characterized by broad tissue
8 &l 2 tropism and a wide spectrum of
3 % 2 Human clinical manifestations involving
T N - multiple organs and systems.
© cytomegalovirus These include hepatomegal
Cytomegalovirus C. humanbeta5 (HCMV), Human 1 Iv. 1 P had £aLy, h
herpesvirs 5 splenomegaly, lymphadenopathy
(HHV-5) (CMV—assoggted mononucleosis,
v CMV hepatitis), as well as
N . L
S congenital abnormalities when
5 infection occurs during pregnancy.
§ Global distribution (pandemic)
3 R A betab Human herpesvirus | Neonatal exanthema.
§ - umanbelaba type 6A (HHV-6A) | Mononucleosis-like syndrome.
2 Human herpesvirus | Chronic fatigue syndrome with
R. humanbetaGB type 6B (H?IV—6B) persistent lyilpha}(llr::nopathy
. Chronic fatigue syndrome
Roseolovirus associated with disturbances in
Human herpesvirus both mental and somatic status,
R. humanbeta7 type 7 (HHV-7) including low-grade fever,
ype sleep disturbances, fatigue,
lymphadenopathy, and muscle
weakness
3 Epstein—Barr virus infection
-8 . . is associated with infectious
5 Lymph toviru. L. humangammad4 | EPSEImBAT vitus | o ucleosis, nasopharyngeal
E YMpPHOCryplovirus angamma > pharyng
g (EBV, HHV-4) carcinoma, Burkitt lymph d
S ) s itt lymphoma, an
E multiple sclerosis
g Kaposi's sarcoma-
g Rhadinovirus Rh. humangamma8 | associated Kaposi sarcoma
O herpesvirus (HHV-8)

The table is continued on page 208.
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1 2 [ 3]14(5] 6 7 8 9 10 11
. ) Virus names used
'§ E 3 E = N —_ in clinical practice
5 SNEAR = Bl > & Species Ha3sBanus Bupycos, Infection, pathology
g § = X ) %:E é‘ E & (Bunm) HCHONb3YyEMBIE Wndexuus, naronorus
EFl 58l 2 2| 5= S| S5 2 B KJIMHUYECKOM
gmﬁm_é‘ﬁggo'go 5 MPaKTHKE
2E|NE|E|T|S|EL 3B O p
3 . . Torque teno virus Global prevalence, with infection
S| 8 gl Alphatorquevirus A hominl-31 (TTV) rates reaching up to 90% of the
= Q| — . .
E § N g Betatorquevirus B. hominil-38 Torque teno mini populatlon. The virus ol be
§(3=| = q . virus (TTMV) isolated from plasma, saliva, and
$ § SR feces. Potential associations have
£(2 5| = ) o Torque teno midi virus | been suggested with liver diseases,
§|S| 7| Gammatorquevirus G. homidil-15 (TTcll\/[DV) respiratory disorders, hematological
O conditions, and malignancies
A. quintihominis g\%%r;%ms 3
y . .. Polyomavirus 8
. octihominis (TSPyV)
Alphapolyomavirus Polvomaviras O
A. nonihominis (Hf?/yV9)
y . L Polyomavirus 13 L .
. terdecihominis (NJPyV) Global distribution (centuries-
BK nol - long pandemic). Associated
B. hominis po’yomavirus with progressive multifocal
S (BKPyV) leuk halopathy, hemorrhagi
g S . eukoencephalopathy, hemorrhagic
S| E B. secuhominis JC polyomavirus cystitis, brain tumors, and renal
SIS B / ) (JCPyV) involvement, particularly in
<| & etapotyomavirus Pol irus 3 immunocompromised patients
| 8 B. tertihominis o YOravirus : b b
S = (KIPyV) following organ transplantation
QL : (BK and JC viruses). These viruses
. L. Polyomavirus 4 S . .
B. quartihominis (WUPyV) establish lifelong persistence in
Fol Y —- the tonsils, lower urinary tract, and
D. sextihominis (l_(;gf;)\l%a)wrus bone marrow
3 Y D. septihominis Fﬁgf}?\%a)wrus 7
5 = Deltapolyomavirus Pol 510
S £ D. decihominis 0'yOmavirus
£ S (MWPyV)
= Q ) -
= 2 E D. undecihominis ?SO"IF}I/?I?;/ E{;’)II‘US 1
N
g Human
5 papillomavirus types
S 2,3,6,7,10, 11, 13,
= Alphapapillomavirus 16, 18,26-35, 39, 40,
Alphapapillomavirus 111,13, 14 461%—461;, gé—gi, 32—;3,
81-87, 89, 90, 91,
94,97, 102, 106, 114,
117,125, 160
© Human
S § papillomavirus types | Global distribution (centuries-
% § = 5,8,9,12, 14, 15, 17, | long pandemic). Chronic
5 ES S 19-25, 36-38, 47, epidermal lesions, oropharyngeal
5 g S Bet il . Betapapillomavirus 49, 75, 76, 80, 92, carcinoma and other malignancies,
I T e PO 93,96, 98-100, 104, | condylomatosis, cervical cancer,
§ E g 105, 107, 110, 111, cutaneous warts, conjunctival
S Q? I 113, 115, 118, 120, papillomas, and other
i 122, 124, 143, 145, manifestations
150-152, 159, 174
Human papillomavirus
types 4, 48, 50, 60, 65,
88,95, 101, 103, 108,
Gammapapillomavirus 109,112, 116, 119,
Gammapapillomavirus 1_27 pap 121, 123, 126142,
144, 146-149, 153—
158, 161-173, 175,
178-180, 184, 187,
197, 199-202, 205
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. . . . Human papillomavirus
Mupapillomavirus Mupapillomavirus 1-3 types 1, 63, 204
. . . . Human papillomavi-
Nupapillomavirus Nupapillomavirus 1 rus type 41
Human bocavirus S | acut iratory infecti
B. primatel 1 and 3 (HBoV], casonal acute respiratory infection
HBoV3) (~1% annually), gastroenteritis,
Bocaparvovirus I b - global distribution (~5% of all
uman bocavirus : : :
. acute respiratory infections; ~0.6%
B. primate?2 2c and 4 (HBoV2c ;
> | of the total population
HBoV4) population)
Pediatric exanthematous diseases,
. . Human parvovirus arthropathy, chronic hemolytic
Erythroparvovirus E. primatel B19 (B19V) anemia, non-immune hydrops
fetalis, arthralgia, and arthritis
% N N A recently identified and insuffi-
3|8 3 S P primatel Bufavirus la ciently studied human virus, detect-
:§ 2| N P (BuVla) ed in stool samples, predominantly
§ S| 3 3 in children with diarrhea
53| § g A novel, poorly characterized
SIS S| & |Prot jrus
S & |~ rotoparvovirus human virus identified in biopsies of
. . cutaneous T-cell lymphomas; also
F. primate3 Cutavirus (CuV) detected in children with diarrhea, as
well as in blood and stool samples of
asymptomatic individuals
& Detected in the blood of patients
S| 3 with HIV and hepatitis C virus
E E Human parvovirus 4 infection, injection drug users, and
9 S Tetraparvovirus T. primatel (PARV 41; individuals with hemophilia. Clinical
S S manifestations remain poorly defined
“ but may include fever, night sweats,
headache, and diarrhea
o Human circovirus 1 Viruses pathogenic for pigs and
Circovirus C. human birds, with potential zoonotic
(HumCV1) A
transmission to humans
C. manukha Human associated
cyclovirus 3
C bashri Human associated
cyclovirus 4
Human associated
C. homa .
S cyclovirus 5
) Y i
£ g gl 3 C mmadu Human associated
=33 B cyclovirus 6 Cvelovi have been d d
S B § Human associated wycloviruses have been gtecte
S |&l5] S C. mutum : in human feces, cerebrospinal
S| RIE| B . cyclovirus 7 . > .
$|<|C| S Cyclovirus Human associated fluid, blood, qnd other b191.0g1§3a1
S C. nhanloai lovirus 8 samples. Their pathogenicity in
cyclovirus © humans remains under investigation
Human associated
C. munthu .
cyclovirus 9
Human associated
C. humana .
cyclovirus 10
c . Human associated
. manitan .
cyclovirus 11
Human associated
C. manusyan .
cyclovirus 12
§ T bri Human respiratory- Viruses identified in the upper and
8| g - brisa associated brisavirus | lower respiratory tract, as Well_ asin
S| 3 Torbevirus stool samples. Their pathogenic role
2 = Human lung- or is unclear; they may represent com-
50 < T viento gut-associated ponents of the normal human virome
SRS vientovirus (possibly associated with amoebae)
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Cutaneous infection characterized
Molluscum by the appearance of small papules
Molluscipoxvirus M. molluscum contagiosum virus filled with clear fluid. Most
(MCV) commonly observed in children and
immunocompromised patients
Smallpox caused devastating global
0. variola Variola virus (VARV) epidemics, with total mortality
’ estimated at over 500 million
people
Vaccinia virus produces a mild
0. vaccinia Vaccinia virus infection in humans while
) (VACV) conferring durable immunity
against related orthopoxviruses
N . . . .
N Orthopoxvirus Monkeypox virus Monkeypox is associated with
3 8 :E O. monkeypox (MPXV) epidemic outbreaks worldwide
SR 2 Co i
£|g WPOX Vvirus .
§ E % O. cowpox (CPXV) Cowpox occurs sporadically
5 n? E Rare cases of human infection have
) O. camelpox Camelpox virus been reported in individuals in
’ P (CMLV) contact with animals (e.g., camels);
the infection is typically mild
0. volepox Rodentpox virus Occurs sporadically
8 “Orf” (contagious ecthyma),
5 Porf Orf virus (ORFV) also ,r’eferred to as “sheep/goat
s P . pox,” presents as oropharyngeal
% arapoxvirus dermatitis
& P pseudocowpox Pseudocowpox virus | A localized cutaneous infection
P P (PCPV) known as “milker’s nodules”
Sporadic cases have been reported
Yatapoxvirus Y tanapox Tanapox virus in Equatorial Africa and
P ’ P (TANV) in laboratory-associated
infections
M. caesari Human adenovirus 1,
) 2,5,6
Human adenovirus 3,
M. blackbeardi 7,11, 14, 16, 21, 34,
35, 50, 55
Human adenovirus
g3 89,10, 13, 15, 17, Seasonal acute respiratory infection
SIS M. dominans 19, 20, 22-30, 32, 33, | ¢ © Tespiratory e
s |2 with global distribution (~7.5%
RS M. . 37-39, 4249, 51, . . 0
2|3 astadenovirus 5354 of all acute respiratory infections;
z $ 2 ~0.9% of the total
& ;% M. exoticum Human adenovirus 4 | pop-ulation)
M. adami I;Izurrllgn ;{ienowrus
Human adenovirus
M. faecale 40, 41
M russelli Is-Izuman adenovirus
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Epidemic outbreaks and sporadic
Orbivirus 0. magninsulae Kemerovo virus cases in Western Siberia. The
’ (KEMV) principal vector is the tick Ixodes
] persulcatus
= .
£ Seasonal gastroenteritis with global
2 distribution, particularly among
§ children. Accounts for up to 90%
b Rotavirus R alphagastroenteritidis Human rotavirus of seasonal gastroenteritis cases
“ : (HRV) (20-50% among hospitalized
3 patients). Approximately 18 million
N cases occur annually, with up to 1
B million deaths
< Colorado tick fever (USA,
Canada): characterized by febrile
ca _ Colorado tick fever illness, occasionally complicated
. dermacentoris . by meningoencephalitis, orchitis,
virus (CTFV) h hagi dr d
. emorrhagic syndrome, an
Coltivirus myocarditis. Primary vector: tick

Dermacentor andersoni

Sporadic cases reported in Germany
C. ixodis Eyach virus (EYAV) | and France, presenting with fever
and neurological symptoms

Hepeviridae
Orthohepevirinae

Orthornavirae

Hepatitis E: global distribution
with seasonal epidemic outbreaks.
Mortality among pregnant women
Hepatitis E virus reacheg 13-20%, cgmpared to
Paslahepevirus P. balayani (HEV) approximately 1% in the general
population. Transmission occurs
primarily via the fecal—-oral
route, most commonly through
contaminated water

Hepelivirales

Matonaviridae

Rubella: cyclical epidemics among
children, accounting for 15-27%
of cases in the overall disease
structure

Rubivirus R. rubellae Rubella virus (RuV)

Alsuviricetes

Martellivirales
Togaviridae

Chikungunya virus

A. chikungunya (CHIKV)
A. sindbis Sindbis virus (SINV)
Western equine
A. western e&fﬁ%l{z;'lms virus Epidemic outbreaks in temperate
( ) - regions (e.g., Karelian fever), as
Eastern equine well as in subtropical, tropical,
A. eastern encephali-tis virus subequatorial, and equatorial
. (EEEV) regions (including Chikungunya,
Alphavirus - >
Venezuelan equine O’nyong-nyong, Venezue.lan,
A. venezuelan en-cephalitis virus | Western, and Eastern equine
(VEEV) encephalitis, Ross River fever, etc.).
- - Mortality rates range from 0.5% to
A. rossriver g{)];;I){lver virus 75%., depending on the pathogen
A semliki (SSe]gn\I/l)kl Forest virus
O'nyong-nyong virus
A. onyong (OI\?N\}g) yong
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Hepeatitis C: global distribution.
Approximately 3% of the world’s
population is infected (6.6 cases
per 100,000 population in Europe).
Henatitis C virus In the Russian Federation, an
Hepacivirus H. hominis (HgV) estimated 2 million individuals are
infected. The infection frequently
becomes chronic, leading to liver
cirrhosis in 20-25% of cases and
hepatocellular carcinoma in 3-5%
of patients
Tick-borne
O. encephalitidis encephalitis virus
(TBEV)
O. omskense Omsk hemorrhagic
' fever virus (OHFV)
. 0 Powassan virus Epidemics,‘ epidemic outbrea}ks,
213 o - powassanense (POWV) and sporadic cases characterized
RIEES - by febrile illnesses (including
j§ 3 § O. denguei ](?)elliliu\%wrus yellow fever, dengue, acute
3 § S - hemorrhagic fevers, Zika virus
3 g s 0. flavi Yellow fever virus infection, West Nile fever, etc.), as
NS YEV) well as encephalitides (tick-borne
Orthoflavivirus O. nilense West Nile virus encephalitis, St. Louis encephalitis,
' (WNV) Rocio encephalitis, Murray Valley
8 ] ] Japanese encephalitis | €ncephalitis, Japanese encephalitis,
5 O. japonicum virus (JEV) Powassan virus infection).
S M Vall Incidence may reach millions of
5 o urraﬁr l'at' ey cases, with mortality rates ranging
= - murrayense elr\l/;:\e/}])z\z; 1S virus from 10% to 70%, often with long-
Q ( ) term neurological sequelae
0. kyasanurense Kyasanur Forest
’ disease virus (KFDV)
Saint Louis
O. louisense encephalitis virus
(SLEV)
O. zikaense Zika virus (ZIKV)
Chronic liver infection, typically
Peaivirus P hominis Human pegivirus asymptomatic. Cases of co-
givt ’ i (HPgV) infection with other viral hepatitis
agents have been reported
3 Borna disease: sporadic cases
;"§ Borna disease virus 1 reported in Central Europe,
§ Orthobornavirus O. bornaense (BoDV-1) involving the central nervous
N system (encephalitis), with
s .08 N mortality rates reaching 95-97%
S | S| -
j§ ,§ E O. sudanense Sufian ebolaYlms Ebola virus disease: epidemic
g |5 §o O. zairense Zaire ebolavirus outbreaks in Africa and Southeast
§ S 5| Orthoebolavirus O. restonense Reston ebolavirus Asia, with importled cases regorted
0SS = - in Europe. Mortality ranges from
2 = § % O. bundibugyoense El;mdgizbi:ugsyo 34% to 90%
E Hemorrhagic fever outbreaks
. Marburg virus (primarily in Africa, with imported
Orthomarburgvirus O. marburgense (MARV) cases in Europe), with mortality
around 24%
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Realm
(HaauapcTBo)
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Family

Virus names used
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(Bun) HCTIONb3yeMbIe Wudexuus, natonorus
B KJIMHUYECKOM
MpaKTUKe

(CewmeiicTBo)
(IToncemeiicTBo)
Genus (Pox)

Subfamily

Orthornavirae
Negarnaviricota
Monjiviricetes
Mononegavirales

Parainfluenza: a seasonal acute
Human arainfluenza respiratory infection with global
R. laryngotracheitidis . P distribution. In the Russian

virus 1 (HPIV-1) Federation. i

ederation, it accounts for

approximately 17.5% of acute
respiratory infections during the
epidemic season and about 2.1%
. among the general population
R. pneumoniae Human parainfluenza | ested The infection primarily
virus 3 (HPIV-3) affects the upper respiratory tract,
causing rhinitis, pharyngitis, and
laryngitis
Paramyxovirus-associated
encephalitis (e.g., Nipah virus
infection): epidemic outbreaks in
Southeast Asia involving pigs and
bats as reservoirs. Mortality rates
Henipavirus range from 75% to 90%

Paramyxovirus-associated
encephalitis involving horses and
H. hendraense Hendra virus (HeV) | bats (e.g., Hendra virus infection,
Australia), with mortality rates of
approximately 50%

Measles: an acute viral infection
primarily affecting children, with
global distribution. Clinical features
include fever and rash, with
Morbillivirus M. hominis Measles virus (MeV) | complications such as pneumonia,
otitis media, sinusitis, and, in
approximately 1 per 1,000 cases,
encephalitis resulting in severe
disability or death

Parainfluenza: seasonal acute
Human parainfluenza | respiratory infection with global
virus 4 (HPIV-4) distribution. In the Russian
Federation, it accounts for
approximately 17.5% of all acute
respiratory infections during

the epidemic season and about
| Human parainfluenza |2.1% of tested individuals in the
O. laryngotracheitidis | - "> (HPIV-2) general population. The infection
predominantly involves the upper
respiratory tract, presenting as
Orthorubulavirus rhinitis, pharyngitis, and laryngitis
Mumps (epidemic parotitis):
primarily affects children aged
5-15 years, with worldwide
distribution. The disease may
occur as sporadic cases or

O. parotitidis Mumps virus (MuV) | outbreaks throughout the year.
Clinical manifestations include
sialadenitis, orchitis (in 10-30%
of cases), and, in some instances,
meningoencephalitis, which may
result in permanent hearing loss

Respirovirus

Feraresvirinae

H. nipahense Nipah virus (NiV)

Orthoparamyxovirinae

Paramyxoviridae

O. hominis

Rubulavirinae

Seasonal acute respiratory infection
with global distribution. In the
Human Russian Federation, accounts for
Metapneumovirus M. hominis metapneumovirus approximately 2.5% of all acute
(HMPV) respiratory infections and 0.3% of
tested individuals in the general
population

Pneumoviridae

The table is continued on page 214.
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Respiratory syncytial virus (RSV)
infection: a seasonal acute respirato-
ry infection with global distribution.
It primarily affects the lower
respiratory tract, causing bronchitis
. .1 | and broncho-pneumonia. High-risk
Orthopneumovirus O. hominis Resplr;tg{/y syncytial groups includpe young childrgn,
virus ( ) particularly infants in the first year
of life (mortality up to 5%). In the
Russian Federation, RSV accounts
for approximately 2.5% of all acute
respiratory infections and 0.3% of
tested individuals
" Rabies: sporadic incidence with
s < L rabies Rabies virus (RABV) nearly 100% case fatality once
S |2 clinical symptoms develop. Global
§ ;S Lyssavi rus distribution
E §J Reported cases of human infection
5| L. irkut Irkut virus (IRKV) in the Far East of the Russian
= § © Federation
o | B Febrile, influenza-like illness
3 5 characterized by inflammation of
§ 2 V indiana Ves.icular.stomatitis the oral mucosa and formation of
] ] ’ Indiana virus (VSIV) | vesicular lesions. Transmission occurs
< < via arthropod bites or through direct
= S contact with infected animals
:i* Vesiculovirus Sporadic cases and epidemic
Chandi - outbreaks in Southeast Asia
V. chandipura pura virus (e.g., India), presenting with fever
p (CHPV) g >, P g ever,
encephalopathy, and encephalitis.
o |8 Vector: sandflies
N .§ Sporadic cases reported in Brazil,
SES V. piry Piry virus (PIRYV) | presenting with fever, myalgia, and
S |3 arthralgia. Vector: sandflies
= §0 O. hantanense Hemorrhagic fever Hemorrhagic fever with renal
S |2 0 . with renal syndrome | syndrome (HFRS): widespread
- Seouiense (HFRS) viruses: Puum- | across Europe, Asia and Africa.
O. puumalaense ala virus (I?UUV), In the Russian Federation,
© Hantaan virus (HTNV), | 2,700—11,400 cases are reported
= Seoul virus (SEOV), | annually, with more than 95%
§ . Dobrava-Belgrade occurring in the European part of
S Orthohantavirus O. dobravaense virus (DOBV), Tula | the country, particularly in forested
5 virus (TULV), and regions. Mortality ranges from
T other hantaviruses. approximately 0.4% to 3%
. Hantavirus cardiopulmonary
O. andesense aAnIIidel:; \(;{[Iilu:r(ANDV) syndrome (South, Central and North
" ’ h . Americas), with a mortality rate of
2 antaviruses . o
Slg approximately 60%
RE o California encephalitis | California encephalitis: epidemic
E 2 O. encephalitidis serogroup viruses, outbreaks and sporadic cases in
= incluc}ing Iéa ?ﬁse the westerndUnited States. In ;he
S virus (LACV), Kha- |Russian Federation, viruses o
o O. lacrosseense tanga virus (KHATYV), | the California serogroup (e.g.,
© Tyaginya virus Khatanga, Tyaginya, Inkoo viruses)
= O. khatangaense (TYAV), Inkoo virus | are widely distributed. These
§ (INKV), Jamestown | infections typically present as
S Orthobunyavirus O. tahynaense Canyon virus (JCV), | febrile illness, occasionally with
g ; and more than 100 signs of neuroinfection. Vector:
3 O. jamestownense other related viruses. | mosquitoes
S Bunyamwera
A O. bunyamweraense serogroup viruses, Bunyamwera fever, Ilesha fever,
0. bataiense including Batai virus | and Ngari hemorrhagic fever
(BATV), Ngari virus | (Africa). In the Russian Federation,
) (NRIV), Ilesha virus | Batai virus is also present. Vector:
O. ileshaense (ILEV), and other mosquitoes
related viruses
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O. oropoucheense

Oropouche virus
(OROV)

Oropouche fever (South and
Central America). Vector: biting
midges

Khurdivirus

Kh. volgaense

Khurdun virus
(KHURV)

A virus isolated in the Volga delta
(Astrakhan region) from the coot
(Fulica atra); its path-ogenicity for
humans remains unknown

Arenaviridae

Orthornavirae
Negarnaviricota
Bunyaviricetes

Mammarenavirus

M. lassaense

Lassa virus (LASV)

Lassa fever: epidemic outbreaks in
West and Central Africa, affecting
100,000-500,000 indi-viduals
annually, with approximately 5,000
deaths. Imported cases have been
reported in Europe, the United
States, and Japan

M. lujoense

Lujo virus (LUJV)

Lujo hemorrhagic fever: epidemic
outbreaks in Africa with high case
fatality rates.

M. juninense

Junin virus (JUNV)

Argentine hemorrhagic fever:
epidemic outbreaks with mortality
ranging from 9% to 30%

M. machupoense

Machupo virus
(MACYV)

Bolivian hemorrhagic fever:
epidemic outbreaks with mortality
rates of 15-20%

M. guanaritoense

Guanarito virus

Venezuelan hemorrhagic fever:
epidemic outbreaks, with mortality
reaching up to 60% among

(GTOV) hospitalized patients; subclinical
and mild forms of infection also
occur

M. brazilense Sabia virus (SABV) Arenav1rus-asso.c iated febrlle
illness reported in Brazil
M. chapareense Chapare virus Arenavirus-associated febrile
) (CHAPV) illness reported in Bolivia.

Hareavirales

Nairoviridae

Orthonairovirus

O. haemorrhagiae

Crimean-Congo
hemor-rhagic fever
virus (CCHFV)

O. issykkulense

Issyk-Kul virus
(ISKV)

O. tomdiense

Tamdy virus (TAMV)

O. artashatense

Artashat virus
(ARTV)

O. sakhalinense

Sakhalin virus
(SAKV)

Nairovirus infections, including
Crimean—Congo hemorrhagic

fever (CCHF): Epidemic outbreaks
and sporadic cases occur in arid
regions of tropical and subtropical
zones (Africa, Europe, Asia). The
northern boundary of distribution is
determined by climatic factors (e.g.,
cumulative temperature thresholds).
Mortality ranges from 16% to 20%
in vector-borne transmission (tick
Hyalomma marginatum) and may
reach up to 50% in cases of contact
transmission. n the former USSR
countries, additional viruses have
been identified, including Issyk-Kul
fever virus (Central Asia), Tamdy
virus (Uzbekistan, Kyrgyzstan,
Turkmenistan, Armenia), and
potentially pathogenic viruses

such as Artashat (Central Asia) and
Sakhalin virus (subarctic coastal
regions of European Russia and the
Far East)
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Infection, pathology
Wndexuus, naronorus

O. yezoense

Yezo virus (YEZV)

A novel nairovirus associated with
ticks Ixodes persulcatus in Siberia,
the Russian Far East, Japan, China
causing febrile illness

P, siciliaense

Sandfly fever Sicilian
virus (SFSV)

P. toscanaense

Toscana virus
(TOSV)

P, napoliense

Sandfly fever Naples
virus (SFNV)

Sandfly fevers in southern regions
of Europe, Asia, and Africa.
Large-scale epidemic outbreaks
are caused by more than 70 virus
species within this group. Vector:
sandflies

Phlebovirus

P, riftense

Bunyaviricetes
Hareavirales

Phenuiviridae

Rift Valley fever
virus (RVFV)

Rift Valley fever: epidemic
outbreaks and sporadic cases in
Africa and the Arabian Peninsula.
Clinical manifestations include
febrile illness, hemorrhagic
syndrome, and encephalitis.
Mortality is approximately 3.5%.
Vector: mosquitoes.

U. uukuniemiense

Uukuniemi virus
(UUKV)

Uukuvirus U. tyulenyense

Zaliv Terpeniya virus
(ZTV)

U. rukutamaense

Rukutama virus
(RUKV)

Antibodies to Uukuniemi virus

and Zaliv Terpeniya virus have
been detected in humans in

Arctic regions. Rukutama virus is
considered a potentially pathogenic
virus isolated in subarctic coastal
areas of the Russian Far East

Alphainfluenzavirus | A. influenzae

Influenza A virus
(TIAV)

Orthornavirae
Negarnaviricota

Betainfluenzavirus B. influenzae

Influenza B virus
(IBV)

Gammainfluenzavirus | G. influenzae

Insthoviricetes
Articulavirales
Orthomyxoviridae

Influenza C virus
(ICV)

Influenza: characterized by
pandemics and annual epidemics
with global distribution. A seasonal
acute respiratory infection of
zoonotic origin (zoonosis with
anthropogenic transmission). Each
year, up to 10% of adults and up to
50% of children are affected. High-
risk groups include children, adults
over 60 years of age, individuals
with chronic diseases, and pregnant
women. Clinical presentation
includes systemic febrile syndrome
with catarrhal symptoms such as
rhinitis, tracheitis, bronchitis, and
pneumonia. During pandemics (e.g.,
HIN1/pdm09), severe complications
may occur, with mortality reaching
up to 60% in cases caused by highly
pathogenic strains. The overall
fatality rate is approximately 0.1%,
but it may increase significantly with
the emergence of novel pandemic
strains

Th. dhoriense
Thogotovirus

Dhori virus (DHOV)

Sporadic cases associated with
infection transmitted by ticks

of the genus Hyalomma within
their geographic range (southern
Eurasia and Africa; in the Rus-
sian Federation and CIS countries:
Astrakhan region, Kyrgyzstan,
Azerbaijan, Armenia). The disease
often pre-sents encephalitic syn-
drome and may result in fatal
outcomes. Vector: ticks

Th. bourbonense

Bourbon virus
(BRBV)

Reported cases of febrile illness with
fatal outcomes in the United States
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Orthocoronavirinae

Orthornavirae

B. pandemicum

CoV) and severe
acute respiratory syn-
drome coronavirus 2
(SARS-CoV-2)

3145 7 8 9 10 11
. g Virus names used
2 E 2B El = 5 —_ in clinical practice
5 AR j Bl »% g Species Haszpanus Bupycos, Infection, pathology
5 § £l s Q <) %>§ ‘g 2 % (Bun) HCTIONb3yeMbIe Wudexuus, natonorus
%%%% =1y EE% qg% E B KJIMHMYECKOH
.8 S
2E| 82| E|T|S|EL EE S fpaxrHie
1) ™
§ 5| 3
RWT| =
S5 & Human . N
2zl & Orthopicobirnavirus | O. hominis S - Enteric infections in humans
§ £| 5 picobirnavirus
ENEE
S &
A chicasoense Human coronavirus
i : 8 229E (HCoV-229E)
Alphacoronavirus P y Human coronavirus | Seasonal acute rgspi'ratory infection
. amsterdamense NL63 (HCoV-NL63) with global dlstqbutlon. In the
Human coronavirus Russian Federation, accounts for
B. gravedinis approximately 2.5% of all acute
OC43 (HCoV-0C43) respiratory infections and 0.3% of
Human coronavirus | the total population
B. hongkongense HKU1 (HCoV-
HKU1)
Severe acute respiratory syndrome
o (SARS-CoV), first identified in China
gl < in 2002, with a case fatality rate of
3| B 4-11%. Coronavirus disease 2019
=l & Severe acute (COVID-19), caused by SARS-
§ § respiratory syndrome | CoV-2, emerged in China in 2019
= S Betacoronavirus coronavirus (SARS- | and resulted in a global pandemic.

The World Health Organization
declared a Public Health Emergency
of International Concern. The

global fatality rate is approximately
0.9%. In the Russian Federa-tion,
approximately 25 million cases were
reported between 2020 and 2025,
with a mortality rate of 1.8%

B. cameli

Middle East
respiratory syndrome
coronavirus (MERS-
CoV)

Middle East respiratory syndrome
(MERS-CoV), identified in

2012, with a case fatality rate of
approximately 34%

Pisoniviricetes

Norovirus gastroenteritis
(accounting for 14-17% of all

Caliciviridae

Norovirus N. norwalkense Human norovirus gastroenteritis cases), with global
distribution. Occurs as epidemic
outbreaks and sporadic cases

. . Sapovirus gastroenteritis with

Sapovirus S. sapporoense Human sapovirus

global distribution

Picornavirales
Caphthovirinae

Picornaviridae

Cardiovirus

C. theileri

Syr Darya fever virus

Syr Darya Valley fever (Kyzylorda
region, Kazakhstan; Turkmenistan;
foothills of the Sikhote-Alin

range in Primorsky Krai). Clinical
presentation includes febrile illness
and rash, typically with a favorable
outcome. Transmission occurs via
tick bites. The disease has also been
associated with Viliuisk encephali-
tis, a degenerative neu-rological
syndrome

Vilyuisk
encephalomyelitis
virus

Viliuisk encephalitis: a series of
epidemic outbreaks recorded in the
1940s—1950s in the Viliuisk River
basin (Eastern Siberia)

C. saffoldi

Saffold virus (SAFV)

Saffold virus-associated
gastroenteritis with global
distribution, causing severe disease
in young children

The table is continued on page 218.
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Realm
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Kingdom
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Phylum (Twum)
Class (Kmacc)
Order (Otpsin)
Family
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Subfamily
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Genus (Pox)

Species
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Virus names used
in clinical practice
Ha3sBanus Bupycos,
UCTIONB3YEeMbIe
B KJINHUYECKOM
MPaKTHKe

Infection, pathology
Wndexuus, naronorus

Pisoniviricetes

Orthornavirae

Ensavirinae

Enterovirus

E. alphacoxsackie

Coxsackie A viruses
and enteroviruses,
including Enterovirus
A71 (EV-AT1)

Coxsackievirus infections: may be
present with meningoencephali-tis,
respiratory symptoms, hemorrhagic
conjunctivitis, myocarditis,
hepatitis, and other manifestations.
Also associated with hand, foot,
and mouth disease (HFMD). Large
outbreaks have been reported

in Southeast Asia, particularly
among children under 10 years of
age. Complications may include
meningitis and acute flaccid
paralysis, with mortality rates up to
20%. Acute enteroviral uveitis may
occur in young children

E. betacoxsackie

Coxsackie B viruses
and echoviruses

Echovirus infections: typically
exhibit summer—autumn seasonality
and global distribution, with
epidemic outbreaks primarily
affecting children

E. coxsackiepol

Poliovirus types 1,
2, and 3; Coxsackie
A vi-ruses; non-polio
entero-viruses

Poliomyelitis: an acute viral disease
predomi-nantly affecting children,
involving the central nervous system
(primarily the gray matter of the
spinal cord). Associated with a mor-
tality rate of approxi-mately 10%
and residual flaccid paralysis in up to
50% of cases. Had global distribution
in the prevaccination era

E. alpharhino

Rhinovirus A

E. betarhino

Rhinovirus B

E. cerhino

Rhinovirus C

Rhinovirus infections: account for
up to 40-50% of acute respiratory
infections, particularly in children.
Global distribution

Heptrevirinae

Hepatovirus

H. ahepa

Hepatitis A virus
(HAV)

Hepatitis A: characterized by
epidemic out-breaks and global
distribution. Transmission occurs
primarily via the fecal-oral route

Kodimesavirinae

Kobuvirus

K. aichi

Aichi virus (AiV)

Aichi virus-associated
gastroenteritis: reported in Southeast
Asia, South America, and Europe,
primarily affecting children

Salivirus

S. aklasse

Human klassevirus

Classevirus-associated gastroenteritis
in children (Southeast Asia, Australia,
Africa, the Americas). Clinical
manifestations include diarrhea,
fever, vomiting, cough, rhinitis,

and rash, typically with a favorable
outcome

Paavivirinae

Parechovirus

P. ahumpari

Human parechovirus
(HPeV)

Outbreaks of gastroenteritis,
sometimes accompanied by acute
respiratory syndrome, neonatal
sepsis, and central nervous system
involvement. Global distribution

Stelpaviricetes

Stellavirales

Astroviridae

Mamastrovirus

M. hominis

Human astrovirus
(HAstV)

Gastroenteritis outbreaks,
particularly among children and
immuno-compromised patients.
Astroviruses account for approxi-
mately 2-9% of acute intestinal
infections, but this proportion may
reach up to 20%.
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7 orders
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Bacteriophages

next-generation sequencing (NGS) methods, a number of
new RNA viruses of the order Picornavirales and DNA
viruses of the family Parvoviridae associated with acute
gastroenteritis have been described. Norovirus is the most
common cause of acute gastroenteritis in all age groups
and causes approximately 700 million cases of gastro-
enteritis worldwide each year. Rotaviruses remain one of
the leading causes of severe diarrhea in children, despite
the development and introduction of vaccination in de-
veloped countries [18, 19].

In the Russian Federation, according to data
from epidemiological studies and reports from
Rospotrebnadzor, approximately 700,000-800,000 cases
of acute intestinal infections are reported annually. The
average incidence rate is approximately 500—600 cases
per 100,000 population annually. As is the case worldwide,
the majority of etiologically confirmed cases are caused
by various strains of rotaviruses and noroviruses®.

Influenza and Acute Respiratory Viral Infections

According to the WHO, one in three people worldwide
contracts an acute respiratory viral infection (ARVI) and/
or the flu each year, with the total number of infected
individuals ranging from 1 to 3-5 billion annually.
In Russia, 27.3-41.2 million cases are reported each
year, 45—-60% of which are children. According to the
Russian Ministry of Health, in 2004 the economic
damage caused by influenza and ARVI amounted to 82.6
billion rubles, accounting for approximately 86% of

*On the State of Sanitary and Epidemiological Welfare of the
Population in the Russian Federation in 2024: State Report. Moscow:
Federal Service for Surveillance on Consumer Rights Protection and
Human Wellbeing; 2025.
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economic losses from infectious diseases overall [20].
In 2024, this figure, according to the State Report “On the
State of Sanitary and Epidemiological Well-being of the
Population of the Russian Federation in 2024,” reached
over 800 billion rubles.’ The role of influenza infection in
exacerbating chronic diseases and causing complications,
which are often the cause of death in patients, has been
demonstrated. Excess mortality from influenza during
epidemics in different age groups ranges from tens to
hundreds of thousands of cases, and during a pandemic
can reach 1% or more of the total number of cases [21].
All ARVIs are grouped together based on a common
airborne transmission mechanism, seasonality, and the
development of the primary pathological process in the
patient’s respiratory tract, which presents with funda-
mentally similar clinical symptoms. The viruses that
cause ARVIs belong to different taxonomic groups and
differ in structure and biological characteristics (table).
Known human-pathogenic ARVI viruses belong to at
least 7 families: RNA-containing viruses of the families
Orthomyxoviridae (genera Alphainfluenzavirus, Betain-
Sfluenzavirus, Gammainfluenzavirus, Deltainfluenzavi-
rus), Paramyxoviridae (genera Respirovirus, Orthoru-
bulavirus), Coronaviridae (genera Alphacoronavirus and
Betacoronavirus), Pneumoviridae (genus Metapneumo-
virus), Picornaviridae (genus Enterovirus), as well as
DNA-containing viruses of the families Adenoviridae
(genus Mastadenovirus) and Parvoviridae (genus Boca-
parvovirus). Currently, there are more than 200 charac-
terized viruses that cause ARVI; the specific clinical pre-
sentation of each is determined by the viruses’ tropism
for specific segments of the respiratory tract (table). The
number of ARVI pathogens is constantly growing. In the
first two decades of the 21st century, previously unknown
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viruses from the families Parvoviridae (HBoV), Picobir-
naviridae (genotype 1), and Coronaviridae (SARS-CoV,
MERS-CoV, and SARS-CoV-2 viruses) were isolated and
identified from patients. The viruses identified contribute
to the overall pattern of acute respiratory viral infections
(ARVI) but can also cause major epidemics (severe acute
respiratory syndrome, Middle East respiratory syndrome)
and pandemics (COVID-19) [22, 23].

Replication and reproduction of influenza, parainfluen-
za, respiratory syncytial virus, rhinoviruses, and seasonal
coronaviruses are limited to the respiratory tract, while
adenoviruses and enteroviruses replicate in both the re-
spiratory tract and the gastrointestinal tract, often invad-
ing the CNS.

Influenza plays a leading role in the etiological structure
of ARVT; its annual epidemic causes significant socioeco-
nomic damage to countries at all levels of economic de-
velopment. In Europe, the United States, and Japan alone,
more than 100 million people fall victim to the influenza
epidemic. Annually, 20,000-40,000 people die from in-
fluenza and its complications in the United States [24].
Economic losses are estimated in the billions of dollars.

Pandemics caused by new variants of influenza viruses
or new respiratory infections—resulting from viruses
crossing the species barrier fromanimals—cause particular
harm. The 2009 influenza A(HIN1)pdm09 pandemic was
caused by a new reassortant of “swine” influenza A virus
variants [20]. The influenza A(HIN1)pdmO09 virus was
initially more virulent than seasonal influenza A strains.
The process of influenza A virus reassortment is ongoing,
and the M segment of the influenza A(HIN1)pdm09
virus was detected in 2011 in influenza A(H3N2) viruses
isolated from infected individuals. Various reassortants
of seasonal influenza viruses with swine viruses are
periodically detected in humans [25, 26].

Since the beginning of the 21st century, the global
epidemic situation has been complicated by cases of
human infection with influenza A viruses of zoonotic
origin, primarily swine [25, 26] and avian influenza,
including subtypes A/HS5N1, A/H5N6, A/H3NS, A/
H7N4, A/H7N9, A/HON2, A/HI10N3, and A/H10NS.
From 2003 to 2025, 964 laboratory-confirmed cases of
human infection with the avian influenza A/H5N1 virus
were reported, of which 466 (69.3%) were fatal. The
highest number of cases was reported in the Western Pacific
Region (Australia — 1 case/0 fatalities, Vietnam — 130/65
cases, Indonesia — 200/168 cases, Cambodia — 75/46
cases, China— 57/32 cases, Laos — 3/2 cases). Worldwide,
cases have been reported in 25 countries®. In recent years,
the avian influenza A(HS5N1) virus has significantly
expanded its range of circulation: whereas it previously
caused outbreaks mainly among domestic poultry in Asia
and Africa, since 2021 the 2.3.4.4b variant has spread
virtually worldwide—to Europe (including Russia), North
and South America, the Middle East, and Antarctica—

°Global Human Cases with Influenza A(H5N1), 1997-2026.
Available at:: https://www.cdc.gov/bird-flu/php/surveillance/chart-
epi-curve-ahSnl1.html (link available at: 29.04.2026).
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among wild birds and mammals. A particularly significant
outbreak occurred among livestock and poultry on poultry
farms in the United States in 2024-2025, marking the
first time H5N1 was shown to be circulating persistently
among cattle and resulting in multiple infections among
farm workers. According to the CDC, from March 2024 to
May 2025, 70 human cases were confirmed in the United
States, including several severe cases and at least one
fatality, but no human-to-human transmission was
detected [27, 28]. In the Russian Federation, outbreaks of
infection among wild and domestic birds caused by the
A/H5N1, A/HS5NS, A/HSNS have been detected in recent
years in North Ossetia—Alania, Krasnodar Krai, and the
Khabarovsk, Astrakhan, Tyumen, Sakhalin, Kaluga,
Ivanovo, Oryol, Kursk, Magadan, Belgorod, Chelyabinsk,
and Samara regions. In 2020, during an outbreak of
influenza A/H5NS at a poultry farm, 7 employees became
infected. In 2022, 54 outbreaks of avian influenza were
detected: 5 among wild birds, 42 among domestic birds,
and 7 at poultry farms. The current situation increases the
risk of new variants of the influenza A virus emerging,
which will inevitably lead to the development of new
pandemics with unpredictable consequences [20].

Influenza and other ARVIs are most severe in children
under one year of age, the elderly, immunocompromised
patients, and frequently ill children. According to WHO
data, 60% of fatalities are associated with virus-associated
diseases: viral or secondary bacterial pneumonia, central
nervous system involvement, and the development of sepsis.

In the Russian Federation, surveillance of ARVI
is carried out through a network of reference centers
overseen by the Influenza Institute in St. Petersburg and
the Center for Influenza Ecology and Epidemiology
at the D.I. Ivanovsky Institute of Virology of the N.F.
Gamaleya National Research Center for Epidemiology
and Microbiology of the Russian Ministry of Health.

At the beginning of this century, outbreaks of re-
spiratory diseases emerged that were initially zoonot-
ic in nature and caused by a number of coronaviruses
(SARS-CoV, MERS-CoV, SARS-CoV-2) (Riboviria:
Orthornavirae: Pisuviricota: Pisoniviricetes: Nidovi-
rales: Cornidovirineae: Coronaviridae), of which the
most significant consequences were associated with the
COVID-19 pandemic [22]. Pathogens transmitted via
the respiratory route exhibited high virulence during
the initial phase of entry into the human population
(the “stranger encounter” phenomenon). Subsequently,
while maintaining and even increasing their high con-
tagiousness, the viruses reduced their virulence, becom-
ing part of the complex of seasonal ARVIs. This is a
common outcome of the interaction between the patho-
gen’s and host’s population gene pools (evolution) [7].
In the past, other SARS-like viruses likely underwent
a similar evolution. The COVID-19 pandemic became
the largest global epidemiological event of the 21st
century and was characterized by rapid intercontinen-
tal spread of the infection, high variability in epidem-
ic waves, and a significant impact on overall mortality
rates. According to WHO data, as of January 19, 2026,
more than 781,199,368 cases of COVID-19 had been
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reported worldwide, of which 7,118,889 were fatal
(0.91%)2. However, estimates of excess mortality in-
dicate that the actual number of deaths directly or indi-
rectly related to the pandemic is significantly higher and
may exceed 1420 million cases'. A significant propor-
tion of excess mortality was attributable not only to the
direct effects of the infection, but also to “delayed” or
indirect deaths linked to the strain on healthcare systems
and limited access to routine medical care. The actual
number of infected individuals likely far exceeded the
reported figures due to testing limitations and under-
reporting of cases, which complicated the accurate as-
sessment of mortality and the spread of the infection.
The COVID-19 pandemic, arising from ongoing evolu-
tionary processes shaping population gene pools [7] in
natural ecosystems, demonstrated the need to establish
a genomic surveillance system to monitor circulating
strains and to track the viral population and its evolu-
tion directly within natural reservoirs (the virosphere)
prior to their interspecies transmission and “spillover”
into the human population. Starting in early 2020, lab-
oratories around the world began conducting mass se-
quencing of SARS-CoV-2 viral isolates, and the result-
ing genomic sequences were promptly deposited in in-
ternational repositories, including the Russian platform
for the aggregation of pathogen genomic data, VGARus
(Virus Genomic Aggregation of Russia), which provides
centralized collection of genomic sequences to address
national epidemiological challenges [29].

Human Immunodeficiency Virus and Parenteral
Hepatitis

The HIV pandemic, which has a zoonotic origin and
began in the 1980s, continues to spread unabated, and
attempts to develop vaccines for the prevention of infec-
tion have not yet yielded tangible positive results, despite
enormous financial investments and the involvement of a
large number of first-rate scientific teams engaged in the
development. The burden of HIV infection and parenteral
viral hepatitis (B and C) remains one of the most signif-
icant global public health challenges due to high prev-
alence, chronic disease progression, the development of
severe complications, and significant mortality.

Despite significant differences in the nature of the etio-
logical agent, HIV and the hepatitis B virus belong to the
same class—Revtraviricetes (Riboviria: Pararnavirae)—
which encompasses all viruses encoding reverse tran-
scriptase. According to the current classification, HIV-1
and HIV-2 belong to the species Lentivirus humimdefl1
and Lentivirus humimdef2 (Artverviricota: Ortervirales:
Retroviridae: Orthoretrovirinae: Lentivirus) and are ret-
roviruses. The hepatitis B virus belongs to the species Or-
thohepadnavirus hominoidei (Riboviria: Pararnavirae:
Artverviricota: Revtraviricetes: Blubervirales: Hepadna-
viridae: Orthohepadnavirus).

The hepatitis C virus is a classic enveloped ss(+)RNA
virus and belongs to the species Orthohepacivirus homi-
nis, genus Orthohepacivirus, family Hepaciviridae (Ri-
boviria: Orthornavirae: Kitrinoviricota: Flasuviricetes:
Amarillovirales).
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These infections share similar routes of transmission,
including parenteral, sexual, and vertical transmission,
which contributes to their widespread prevalence and the
development of co-infections that worsen the prognosis
of the disease.

According to current epidemiological estimates, there
are approximately 39—40 million people living with HIV
worldwide, with about 1.3 million new infections report-
ed annually. Despite expanded access to antiretroviral
therapy, annual mortality from HIV/AIDS-related diseas-
es is approximately 600,000-650,000 cases. HIV infec-
tion leads to chronic immune deficiency, the development
of opportunistic infections and cancer, and requires life-
long treatment, placing a significant burden on healthcare
systems [30].

Parenteral viral hepatitis B and C are the leading caus-
es of chronic liver disease, cirrhosis, and hepatocellu-
lar carcinoma. Approximately 250-300 million people
worldwide are infected with chronic hepatitis B, and
approximately 50—60 million with chronic hepatitis C.
More than 2 million new cases of hepatitis B and C virus
infection occur annually, and the annual mortality rate as-
sociated with viral hepatitis is approximately 1.3 million
cases, primarily due to liver cirrhosis and hepatocellular
carcinoma [31, 32].

Coinfection with HIV and viral hepatitis poses a par-
ticular problem, as it is associated with faster progression
of liver fibrosis, an increased risk of cirrhosis, and high-
er rates of liver-related mortality. Viral hepatitis remains
one of the leading causes of death among HIV-infected
patients receiving antiretroviral therapy [33, 34]. Accord-
ing to global burden of disease studies, HIV infection and
parenteral viral hepatitis are among the leading causes of
mortality from infectious diseases and account for a sig-
nificant number of cases of disability and years of life lost
[35]. The total mortality from these infections exceeds 1.9
million cases per year. This confirms that HIV infection
and parenteral viral hepatitis remain a serious global pub-
lic health problem and require the further development of
prevention, screening, and treatment programs.

Viral transmissible hemorrhagic fevers and zoonotic
fevers transmitted by contact

Vector-borne fevers (dengue, yellow fever, chiku-
ngunya, Zika, etc.), transmitted by mosquitoes of the
genus Aedes (primarily A. albopictus and A. aegypti of
the subgenus Stegomyia), are rapidly spreading infec-
tious diseases worldwide. The expansion of the vector’s
range, urbanization, climate change, and globalization
have led to a significant increase in the number of cas-
es of these infections in recent decades: from 500,000
reported cases in 2000 to 14 million in 20247. The vast
majority of cases are attributed to dengue fever. Ac-
cording to current estimates, there are approximate-
ly 450 million cases of dengue virus infection annu-
ally, of which about 100 million are accompanied by

"World Health Organization. Dengue and severe dengue. Available
at: https://www.who.int/health-topics/dengue-and-severe-
dengue#tab=tab 2 (link available at: 31.03.2026).
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clinical manifestations of the disease. However, the
number of laboratory-confirmed cases is much lower.
According to current estimates, the global economic
losses associated with vector-borne infections in trop-
ical and equatorial regions amount to tens of billions
of U.S. dollars annually, including costs for treatment,
hospitalization, and lost productivity. [36—38]. Under
certain conditions, these zoonotic infections can take
on the character of anthroponoses, being transmitted
via mosquitoes from person to person without the in-
volvement of other vertebrates in an urban epidemio-
logical cycle.

The persistence of natural foci of particularly dan-
gerous zoonotic viral hemorrhagic fevers, such as the
filovirus fevers Ebola and Marburg, arenavirus fevers,
and the paramyxovirus infections Nipah and Hendra,
among others, in equatorial, tropical, and subtropical
regions remains a serious public health problem. De-
spite the relatively small number of cases compared
to other infections, the economic and social burden of
these diseases is extremely high, due to the severity of
the clinical course, the lack of specific prevention and
treatment methods, and the need for large-scale anti-ep-
idemic measures, sanitary control, patient isolation,
quarantine measures, and restrictions on economic ac-
tivity. Comprehensive assessments of the 2014-2016
Ebola epidemic indicate that the total economic burden
of the epidemic exceeded $50 billion including direct
medical costs, productivity losses, reduced economic
activity, and indirect mortality from other diseases due
to the overburdening of the healthcare system [39, 40].
Furthermore, despite the localized scale of outbreaks,
there is a need to establish effective systems for public
health surveillance, laboratory diagnostics, training of
medical personnel, and the development of vaccines and
antiviral drugs [41, 42].

A prime example of a zoonosis with limited circula-
tion evolving into an anthroponosis is the mpox (formerly
monkeypox) outbreak that occurred in 2022-2023. For a
long time, this infection was considered a zoonotic dis-
ease endemic to Central and West African countries, with
the potential for local sexual transmission. In 20222023,
the infection transitioned to sustained human-to-human
transmission, spread beyond the African continent, and
led to a global outbreak—the largest in history [43].
By 2026, 179,616 laboratory-confirmed cases had been
reported worldwide in 145 countries, including countries
in Europe, Aftrica, North and South America, Asia, and
Australia® [44, 45]. Economic models show that the cost
of combating the mpox outbreak in high-income coun-
tries amounted to hundreds of millions of U.S. dollars,
while the global costs of vaccination, diagnostics, and
epidemiological surveillance related to mpox control are
estimated at billions of U.S. dollars [46, 47].

Among infections of this type in the Russian Federa-

SWorld Health  Organization. Multi-country  outbreak  of
mpox, External Situation Report, 2025-2026. Available at:
https://www.who.int/emergencies/situations/mpox-outbreak  (link
availableon: 31.03.2026).
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tion, hantavirus infections are the most significant; they
are transmitted through inhalation or ingestion of dried
secretions from their primary carriers—certain species
of rodents. In terms of the number of reported cases,
hemorrhagic fever with renal syndrome (HFRS), caused
by hantaviruses, ranks first among all zoonotic viral dis-
eases.’ The spread of HFRS cases across the country is
uneven: in the European part of Russia, the average an-
nual rate is 9.7 cases per 100,000 population, while in
the Volga region (for example, the Republic of Bashkor-
tostan) it is 44.5 cases per 100,000 population. HFRS
is caused by several species of hantaviruses (Hantavir-
idae: Orthohantaviridae), with the Puumala virus (Or-
thohantavirus puumalaense) being the most significant
in the European part of Russia [48].

Chronic systemic viral infections

Pandemics of diseases are caused by herpes viruses,
papillomaviruses, and polyomaviruses, which have very
ancient origins and were present at the dawn of Earth’s
biosphere. They evolved alongside modern humans as
they transitioned from primates to hominids, then to
hominins, the genus Homo, and finally Homo sapiens,
continuing throughout the development of human soci-
ety. As a result, more than half of humanity is currently
infected at some point in their lives and pays a heavy
price for it. There are no signs that the situation will im-
prove. Chronic viral infections caused by herpesviruses
(in particular, cytomegalovirus infection and Epstein—
Barr virus infection), as well as papillomaviruses and
polyomaviruses, represent a significant global burden
due to their widespread prevalence and ability to persist
latently for life.

Herpesvirus prevalence reaches 60—100% in the human
population, with over 90% of adults infected with Epstein—
Barr virus [49]. Globally, approximately 3.7 billion peo-
ple are infected with herpes simplex virus type 1 (HSV-
1) and more than 500 million with herpes simplex virus
type 2 (HSV-2) [50]. Infection caused by human papillo-
maviruses is detected in the vast majority of the popula-
tion, and the prevalence of polyomaviruses also approach-
es 70-90% among adults [51]. Thus, collectively, we are
talking about billions of infected individuals.

The clinical significance of these infections is deter-
mined by their role in the development of severe systemic
diseases. Epstein—Barr virus is associated with lymphop-
roliferative disorders and autoimmune diseases (includ-
ing multiple sclerosis) [49], while cytomegalovirus infec-
tion is associated with congenital disorders and compli-
cations in immunocompromised patients [51]. Oncogenic
types of human papillomavirus are an etiological factor in
cervical cancer and a number of anogenital and oropha-
ryngeal tumors [52]. JC polyomavirus causes progressive
multifocal leukoencephalopathy, while BK polyomavirus
causes graft nephropathy [51].

Thus, chronic viral infections are characterized by high
prevalence, multisystemic effects, and a significant con-
tribution to oncological, neurological, and immunopatho-
logical morbidity, which determines their importance for
global public health.
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Bacterial Viruses in Human Infectious Diseases

Bacterial viruses—bacteriophages (phages)—cannot infect
human cells and infect only bacterial cells, exhibiting rel-
atively narrow spectra of activity even against these hosts
[53]. Moreover, so-called virulent (obligately lytic) bacte-
riophages have been successfully used for over 100 years
as antibacterial agents in phage therapy (PT) [54-56],
which has proven not only its efficacy but also its high
safety. Furthermore, phages are a dominant component of
the gut virome and other parts of the human body, normal-
ly causing no pathologies. At the same time, there are nu-
merous examples of the direct and indirect involvement of
bacterial viruses in the pathogenesis of human and animal
diseases. Nevertheless, in certain pathological conditions,
interactions of phage particles from the natural microbiome
or those introduced exogenously may exacerbate inflam-
mation as a result of direct interactions between phages and
immune system cells. In particular, such phenomena have
been described in inflammatory bowel disease (IBD) [57].
While transplanting the viral component from a healthy
donor may have a positive therapeutic effect in IBD, trans-
planting the gut virome from patients with ulcerative coli-
tis into mice exacerbated the symptoms of colitis induced
by sodium dextran sulfate [58]. However, most examples
of bacteriophage involvement in pathogenesis are associ-
ated with so-called temperate bacteriophages (not used for
PT). Thus, many bacterial toxins, including the toxin of the
diphtheria pathogen, cholera, some botulinum toxins, as
well as the Shiga-like toxin of enterohemorrhagic Esche-
richia coli [59, 60], are encoded not by the main genome
of the corresponding bacteria, but by prophages integrated
into it. These prophages are not defective and, under cer-
tain conditions, can be induced and lead to the formation
of viable viral progeny. Prophages can encode other viru-
lence factors, and in some cases, the viral particles them-
selves can act as such factors. For example, the most viru-
lent strains of Pseudomonas aeruginosa often contain the
prophage of the filamentous phage Pf4, which participates
in the formation of biofilm structures by facilitating the
formation of channels within them; furthermore, particles
of this phage can form liquid-crystalline aggregates (tac-
toids) that reinforce the biofilm matrix or form sheath-like
structures around individual cells, protecting the bacteria
from various immune system factors and antibiotics. Fi-
nally, particles of the Pf4 phage interact with macrophages
and, through the expression of certain fragments of their
genome within the eukaryotic cell, act on receptors to ac-
tivate an immune response via an antiviral pathway that is
largely ineffective against the phage’s bacterial host [61].
These and many other examples show that over billions
of years of evolution, the relationship between the viral
world and their hosts has gone far beyond the parasite-host
paradigm, and currently viruses are directly or indirectly
involved in virtually all aspects of their hosts’ activities, a
phenomenon that is particularly evident in the interactions
between bacteria and bacteriophages.

Conclusion

The global virus reservoir harbors a vast potential for
pathogens which, due to the continuous evolution of their
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population gene pools under the influence of the environ-
ment, pose a threat of unpredictable outbreaks of emerg-
ing and re-emerging infections capable of causing ex-
traordinary epidemic situations (panzootics, pandemics).
Certain zoonotic viruses, upon interspecies transmission
to humans, have become anthroponotic; others have be-
come zoanthroponotic; and still others remain zoonotic,
infecting humans through accidental contact: rabies, viral
hemorrhagic fevers (hantaviruses, filoviruses, arenavirus-
es, etc.), and arboviral infections. Under certain condi-
tions, some zoonotic infections can take on the character
of anthroponoses, spreading through contact or, for ex-
ample, in the urban epidemiological form of dengue, chi-
kungunya, yellow fever, and other tropical fevers.

To ensure biosafety, continuous genomic monitoring
of viromes in natural and anthropogenic ecosystems us-
ing modern metagenomic methods is necessary. It should
be remembered that dormant volcanoes will inevitably
erupt, and the emergence of new destructive pandemics
and panzootics in the foreseeable future is inevitable.
One cannot ignore the possibility of man-made epidemic
emergencies that threaten biosafety.

One of the tools for controlling future epidemics and
pandemics is the integration of advances in classical vi-
rology and molecular biology with the latest innovations
in information technology. In the Russian Federation,
such a synthesis has been achieved at the Federal State
Budgetary Institution Central Research Institute of Ep-
idemiology of Rospotrebnadzor through the creation of
the VGARus (Virus Genomic Aggregation of Russia)
platform for aggregating pathogen genomic data, which
ensures the centralized collection of genomic sequences
for epidemiological purposes [29]. According to aggre-
gate data, global databases currently contain over 17 mil-
lion complete SARS-CoV-2 genomes, reflecting the un-
precedented scale of international scientific collaboration
and the intensity of genomic surveillance. These datasets
are utilized by analytical platforms that provide regular
data updates and visualize the spread of viral lineages in
near real time. As of December 2025, the VGARus data-
base contains sequencing results for over 440,000 strains
and isolates of more than 100 pathogens. The project uti-
lizes cloud technologies, neural networks, and machine
learning methods. The SOLAR (System of Laboratory
Aggregation Results) platform has been developed and
implemented to aggregate laboratory test results, thereby
providing the information needed to conduct and mon-
itor anti-epidemic measures. A software system for the
operational analysis of the epidemic situation in Russia
(EpidSmart) has been developed. The use of supercom-
puter processing power at the Federal State Budgetary
Institution Central Research Institute of Epidemiology
of Rospotrebnadzor allows for the analysis of over 1.7
million indicators based on specified parameters within
a few hours. The created platform, in combination with
domestic developments in the fields of biotechnology, ge-
netic engineering, and molecular diagnostics, ensures the
country’s biosecurity.

Currently, the number of known viruses that cause
human disease exceeds 500 (taxonomically belonging
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to more than 180 species), and this figure continues to
grow as new diagnostic methods are introduced. Virus-
es, which are ubiquitous across all three domains of the
biosphere (archaea, bacteria, eukaryotes), have, as a re-
sult of co-evolution with their hosts over the past tens of
thousands of years, colonized that part of the biosphere
commonly referred to as humanity and, in our time, cause
serious harm to human health and are often the cause of
death. Emerging and re-emerging viral infections pose a
particular threat, posing a biosecurity challenge to both
the state and global civilization. All of this necessitates
the study of fundamental parameters that determine the
interaction between viral populations and humans at vari-
ous levels, including the molecular level—interaction with
receptors (species and tissue tropism, routes of infection
and viral spread within the body, pathogenesis); replica-
tion forms (lytic, latent, reactivation, malignancy, etc.);
the involvement and influence of the cell’s internal host
components on the virus’s life cycle; and interactions
with the immune system. The results of these studies will
enable the identification of new strategic approaches to
prevention (vaccines) and treatment (antiviral drugs and
their combinations). There is a clear need to monitor the
population gene pool of pathogens in nature, as evolu-
tionary changes in this gene pool lead to the emergence
of new variants of the pathogen with altered biological
properties, a reduction in the effectiveness of vaccination,
or the development of resistance to antiviral drugs.

Viruses are obligate intracellular symbionts of cellular
organisms. Their primary form of symbiosis with hu-
mans—parasitism—has been discussed above. Recall that
parasites are organisms that live at the expense of indi-
viduals of another species, being biologically and eco-
logically closely linked to them in their life cycle, and
permanently or temporarily using the host as their habi-
tat [62]. A form of symbiosis in the form of mutualism,
where both species benefit, has been established, at least
for bacteriophages [2, 65, 63, 64]. Virulent and temperate
phages, using humans as a habitat for bacteria inhabiting
the gastrointestinal tract, exert a multifaceted influence on
all aspects of the macroorganism. A form of symbiosis in
the form of commensalism, in which one species benefits
at the expense of another without harming it, appears to
be characteristic of the archaea and their viruses found in
the gastrointestinal tract [65, 66]. At the same time, virus-
es of bacteria and archaea remain one of the main factors
in the mortality of the corresponding microorganisms in
nature, and under certain ecological conditions can cause
the collapse of local populations of hosts susceptible to
them. This is the basis of phage-based antibacterial ther-
apy [67].

Thus, the human virome, as part of the global virome
(virosphere), encompasses viruses belonging to all cur-
rently known viral superkingdoms (realms), which are
widespread among all members of the biosphere—the
domains of Archaea, Bacteria, and Eukaryota (table)
[2,3,7].

Experience in combating new and re-emerging viral
infections, taking into account the mistakes and success-
es of the recent past, must be considered and utilized in
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planning a system of anti-epidemic measures and in min-
imizing the consequences of future epidemics and pan-
demics.
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