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PEDIATRIC ADENOVIRUS INFECTION: CLINICAL CHARACTERISTICS AND
OUTCOMES

Annotation. Human adenoviruses can infect individuals of any age but are most prevalent in
children, particularly infants and young children. Most children experience at least one adenovirus
infection by the age of 10. Symptoms often resemble the common cold, including runny nose, fever,
cough, and sore throat. More severe lower respiratory tract infections—such as bronchitis,
bronchiolitis, and pneumonia—can occur and may be life-threatening. Adenoviruses can also lead
to conjunctivitis, gastroenteritis, cystitis, myocarditis, cardiomyopathy, and meningoencephalitis.
Recent advances in structural and molecular biology have refined adenovirus taxonomy and
deepened our insight into the range of associated clinical diseases. Given the broad and complex
spectrum of illnesses linked to adenovirus infection, this review focuses primarily on basic virology,
epidemiology, and clinicopathological correlations. Since clinical symptoms and pathological
findings are inherently connected, examining these relationships within specific adenovirus-related
disease entities provides a clearer understanding of this common pediatric viral infection.
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BOLALARDA ADENOVIRUS INFEKSIYASI: KLINIK XUSUSIYATLARI VA
OQIBATLARI
Sh.Z. Otajanov, Sh.S.Masharipova
Urganch davlat tibbiyot instituti, Urganch sh., O‘zbekiston

Annotatsiya. Odam adenoviruslari har qanday yoshdagi uchrashi mumkin, ammo u ko‘proq

bolalarda, aynigsa go‘daklar va kichik yoshdagi bolalarda uchraydi. Aksariyat bolalar 10 yoshga
to‘lgunga qadar kamida bir marta adenovirus infeksiyasini boshdan kechiradi. Kasallik belgilari
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ko‘pincha oddiy shamollashga o‘xshaydi, jumladan: burun ogqishi, isitma, yo‘tal va tomoq og‘rig‘i.
Ba’zan quyi nafas yo‘llarining bronxit, bronxiolit va pnevmoniya kabi og‘irroq infeksiyalari
rivojlanishi mumkin va bu holatlar hayot uchun xavf tug‘dirishi mumkin. Shuningdek,
adenoviruslar konyuktivit, gastroenterit, sistit, miokardit, kardiomiopatiya va meningoensefalitga
sabab bo‘lishi ham mumkin. Strukturaviy va molekulyar biologiya sohasidagi so‘nggi yutuqlar
adenoviruslar taksonomiyasiga aniqlik kiritdi va ushbu infeksiya bilan bog‘liq klinik kasalliklar
doirasi haqidagi tushunchamizni kengaytirdi. Adenovirus infeksiyasi bilan bog‘liq kasalliklarning
keng va murakkab spektrini inobatga olgan holda, ushbu sharhda asosan virusning tuzilishi,
epidemiologiyasi hamda klinik-patologik bog‘ligliklarga e’tibor qaratiladi. Klinik belgilar va
patologik o‘zgarishlar o‘zaro chambarchas bog‘lig bo‘lgani uchun bu bog‘ligliklarni adenovirus
bilan kechadigan muayyan kasalliklar~deirasida o‘rgamishibolalar orasida keng tarqalgan ushbu
virusli infeksiya haqida yanada afiigroq tasavvur beradi.
Kalit so‘zlar. Odam.adenovituslari, virusli-infeksiya, klinik-patelogik.

AJIEHOBUPYCHAS UH®EKINS Y JETENW: KJIVHAYECKUE ITPOSABJEHUS U
HNCXOAbI
Ora:xanos LI.3., Mamapunosa I11.C.
VYprenuckuii rocyIapCcTBCHHBIA METULNHCKUN HHCTUTYT, T'. Y preHY, ¥ 30ekucran

AHHoTauust.  ATEHOBHPYCHI. YEIOBEKA MOTYT IOpa)arh JIOAEH JIIoOoro BO3pacTa, HO
Hanboyiee pacrlpoCTpPaHEeHBbl |y aeTed, OCOOEHHO V' MJaIeHIICB U/ JAETEH 'paHHEro BO3pacTa.
BbonpmmHcTBO fereit K 10°TolaM nepeHOCAT MO KpalHel Mepe o/1HY @ACHOBUPYCHYIO MH(EKIHUIO.
CHUMIITOMBI YaCTO HANOMUHAOT QOBIYHYIO HPOCTYAY M BKIOYAIOT/HACMOPK, JINXOPaJIKy, Kallelb 1
0016 B ropie. MoryT pasBuBaThCs U Ooliee TskKeNble NHQEKUUM HIDKHNX JBIXATEIbHBIX MyTEH,
Takhe Kak OpOHXUT, OpOHXUOJNT U MHEBMOHUS, KOTOPbIe MOFYT HPCACTABIATh YIPO3y Ui )KU3HHU.
AIeHOBUpPYCHI TakKe MOTYTWIPUBOIUTH K pa3BUTHIO - KOHBIOHKTMBUTA, TaCTPOIHTEPUTA, LIUCTUTA,
MHUOKapANTa, KapAHUOMHONATHNW MEHHMHTOdHIcpanTa. - [locnennue noCcTHXKEHUsT B 00JacTu
CTPYKTYpPHOM U MOJEKYJIspHONH OHONOLUN YCOBEPIIEHCTBOBAIN TAKCOHOMHIO aJICHOBUPYCOB U
YIIIyOWJIM Hallle TIOHMMAaHHUE CIEKTpPa CBA3aHHBIX C HUMHU KIMHHYECKHX 3a00JICBaHHMNA. YUHUTHIBAS
IIMPOKUN U CIIOKHBIN CIEKTP 3a00JICBaHMA, CBSI3aHHBIX C aJICHOBUPYCHOW MH(EKIHCH, B TaHHOM
0030pe OCHOBHOE BHHMaHHUE YyJensercs 0a30BOil BUPYCOJOTHU, SMUAEMHOJIOTUU M KIMHHUKO-
MATOJIOTUYECKUM  KoppensauusM. [loCKOJIbKYy KIMHUYECKHWE CHMIOTOMBI W HaTOJOTHYECKHE
BBISIBJICHHMSI HEPa3pbIBHO CBA3aHbI, M3y4EHUE OTHUX B3aUMOCBS3€M B paMKaX KOHKPETHBIX
aJICHOBHPYCHBIX 3a00JieBaHMI JaeT 0ojee YeTKoe MpencTaBleHHe 00 ATOH pachpocTpaHEHHOU
JETCKOIM BUPYCHOW MH(EKITUH.

KiaueBble cjioBa. AJCHOBUPYCHl — 4EJIOBEKa, BHpPYyCHas HMH(EKIHA, KIMHUKO-
MATOJIOTUYECKHE.

Introduction. Human adenoviruses (HAdVs) belong to the Adenoviridae family, a name
originating from their first discovery in human adenoid tissue in 1953. They are medium-sized (70—
100 nm), nonenveloped viruses with an icosahedral protein shell (capsid) that houses a double-
stranded linear DNA genome.The viral capsid has a precise architecture:

The shell is primarily built from 240 hexon protein trimers.
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At each of the 12 vertices sits a penton base capsomere.

A slender fiber protein projects from each penton base. Each of these structural proteins plays a
distinct functional and immunological role:

The hexon carries key antigenic markers, determines the virus's group and type, and is the main
target for neutralizing antibodies.

The penton base is associated with cellular toxicity and helps the virus escape from endosomes
after entering the cell.

The fiber is responsible for the initial attachment to host cell receptors and determines the virus's
type specificity. Infection begins when the virus attaches to a cell surface receptor via its fiber,
triggering internalization. Once inside the nucleus, the virus commandeers the cell's machinery to
transcribe its genes, replicate its DNA, and assemble new viral particles. This replication cycle
culminates in cell lysis, releasing new viruses to infect neighboring cells. The process of viral
replication and cell destruction produces distinctive microscopic changes in infected tissues, which
will be detailed later. Recent progress in techniques like cryo-electron microscopy and atomic force
microscopy, combined with the discovery of new viruses, has greatly enhanced our understanding
of adenovirus structure and the variations that exist across different species and genera.

Currently, 104 distinct types of human adenovirus (HAdV) have been identified. These are
categorized into seven species, labeled A through G, based on criteria such as the guanine-cytosine
content of their DNA and other biochemical properties. Traditionally, types up to Ad51 were
defined as serotypes. For newer types, a genotypic definition is primarily used, requiring either a
novel genetic sequence or evidence of recombination in the genes that code for the major capsid
proteins.

Species D contains the largest number of HAdAV types (73), followed by species B (16 types).
New adenovirus types continue to be discovered.

Human adenoviruses (HAdVs) employ different cellular receptors for entering host cells.
For species A, C, D, E, and F (excluding species B), the initial attachment occurs when the fiber
knob domain binds with high affinity to the CAR protein, a receptor found abundantly on many
tissue types [10]. In contrast, species B HAdVs and species D Ad37 bind to the CD46 receptor,
which is present on most human cells, including immune cells.

Adenoviruses possess characteristics that make them highly effective vectors for vaccines
and gene therapy. They have a large, well-defined genome suitable for genetic engineering; they do
not integrate into the host genome, reducing the risk of mutagenesis; they can be produced in high
quantities and are relatively stable; they infect a broad range of cells; and they provoke strong
immune responses. Species C HAdVs, such as the widely studied AdS, are particularly noted for
their ability to establish latent infections in lymphoid tissues and are commonly used as non-
replicating vectors, including in recent COVID-19 vaccines.

While generally safe, adenovirus-based vaccines can have side effects. For instance, AdS
vectors can transiently bind and activate platelets, potentially leading to temporary
thrombocytopenia, though the overall risk remains very low.

Epidemiology. Adenoviruses are common in humans and animals, causing sporadic or
epidemic infections. Serological studies show that antibodies to types Adl, Ad2, and Ad5 are most
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prevalent, found in 40%—-60% of young children. Infection rates peak between 6 months and 5 years
of age, with most children developing antibodies to common types by age 5. Neonates initially have
maternal antibodies, which wane, leading to new infections as they grow. A comprehensive review
of 65 years of global seroprevalence data is summarized by Mennechet et al.

Different HAdV types exhibit distinct tissue preferences and cause varied diseases. Young
children under 5 are especially susceptible due to time spent in group settings like daycare centers.
HAdVs are responsible for 7%—-8% of viral respiratory illnesses in this age group. Beyond the
respiratory system, adenoviruses are also associated with diseases in the gastrointestinal tract, eyes,
urinary system, and nervous system.

Human adenovirus (HAdV) infection disrupts normal cell function by halting the synthesis
of cellular DNA, RNA, and proteins. This leads to distinctive degenerative changes in infected cells,
which can be key to pathological diagnosis when tissue samples are available.

The process unfolds as follows:

Host DNA production ceases 810 hotrs post-infection, followed by a ‘shutdown of host protein
synthesis 610 hours latet.

Viral assembly is inefficienty leaving a large” surplus of unassemibled ‘viral components to
accumulate in the cell'nucleus:

These excess components form characteristic nuclear "inclusion bodies." Two main types are seen:
a large, amorphous basophilic mass in."smudge cells," and a’bar-shaped, eosinophilic crystal known
as a "Cowdry type A inelusion".

Ultimately, the infected cell ruptures, releasing new virus particles and causing tissue damage. This
results in a necrotizing inflammatory pattern with cell debris, fibrinous exudate, and a mix of
inflammatory cells. The host's immune response, involving neutrephils; lymphocytes, macrophages,
and natural killer cells,\along -with*cytokine release, contributes“to both viral control and the
symptoms of infection, though specific mechanisms.requirefurther study.

Meningoencephalitis 1$w.a rare’ but serious complication .of HAdV infection, primarily
occurring in immunocompromised “mdividuals such-as those.with AIDS or lymphoma. While not
common, HAdVs have been directly detectéd“in-cerebrospinal fluid. Neurological symptoms range
from mild aseptic meningitis to severe, often fatal, acute necrotizing encephalopathy.

Diagnosis can be challenging. Some cases, particularly those linked to epidemic Ad7
pneumonia in children, are diagnosed based on viral isolation from other sites or rising antibody
titers. This leaves it unclear whether neurological symptoms are due to direct brain infection or an
indirect effect. In rare fatal cases, however, characteristic "smudge cells" can be found within
neurons of the brain, and direct viral infection can be confirmed using a specific anti-adenovirus
immunohistochemical (IHC) stain.

Acute follicular conjunctivitis is the most common form of adenoviral ocular infections. The
infection is usually confined to one eye and appears as follicular lesions on the palpebral
conjunctival surface. Symptoms usually occur after an incubation period of 5—7 days and include
itching, burning, lacrimation, discharge, foreign body sensation, and prominent conjunctival
congestion. Physical examination shows erythema and lymphoid follicular hyperplasia in the
conjunctiva in association with serous drainage and increased lacrimation. Occasionally,
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adenopathy of the preauricular lymph nodes is seen. Symptoms usually resolve in 10 days to 3
weeks with complete recovery.

Pharyngoconjunctival fever (PCF) is a syndrome characterized by pharyngitis, conjunctivitis,
and fever. Not all patients have the complete syndrome triad during epidemics. The usual onset of
illness is abrupt, with sore throat, eye irritation or pain, fever, and generalized soreness.
Photophobia and lacrimation are unusual. Many patients develop cough from catarrhal
inflammation of the nasal mucosa and posterior nasal discharge. On examination, the palpebral
conjunctiva usually appears granular, and hemorrhages occasionally are noted on the bulbar surface.
The tonsils, adenoids, and pharyngeal lymphoid tissue are often enlarged with various degrees of
pharyngeal congestion, which may result in nasal blockage. Approximately one-third of affected
patients show follicular exudative leSions™ that is simular-to streptococcal disease on clinical
presentations. Involvement frequéntly starts in one eye and doesnot involve the other eye until 2 or
3 days later. The fever is sustained. or remittent-for. 3—4 daysin most patients. Throat and eye
findings usually are improved ‘considerably by the seventh*day of illness, but some constitutional
symptoms may persist fot twe.weeks or longer:

Epidemic keratoconjunctivitis (EKC) is caused most commonly by Ad8 and Ad37. It occurs
more commonly in/adults’ than children. The ;usual mode of viral spread' is by contaminated
ophthalmic instruments“and eye solutions, hand-to-cye contact by infected personnel, swimming
pools, or fomites in close-contact situations. The incubation period  typically is 5-10 days. The
initial symptom generally is unilateral follicular conjunctivitis with' a foreign body sensation.
Photophobia, lacrimation, discharge, hyperemia, “and edema of the conjunctiva are notable.
Preauricular adenopathy is frequently present and many of those afflicted also/have pharyngitis and
rhinitis. The conjunctivitis-resolves 7—10 days after onset of the disease. In severe cases, blurred
vision may continue fot a long period of time. An infantile form of :EKC /has been described that
usually affects children younger than 2.years old. High fever, pharyngitis, otitis media, diarrhea,
and vomiting usually accompany this form of pseudomembranous or membranous conjunctivitis. In
acute illness, conjunctival scrapings ‘obtained | during the first 10 days of infection reveal
characteristic inclusion bodies when=stained with Giemsa™ or Papanicolaou stain. Intranuclear
inclusions with a ground-glass nuclear appearance can be demonstrated. The conjunctival smears
usually show inflammation with predominantly lymphocytes and little fibrinous discharge. Virus-
specific fluorescent antibody staining is diagnostic in EKC. Preparations of corneal and
conjunctival epithelia reveal adenoviral particles when examined with the electron microscope.

Although HAdVs have been frequently implicated as an etiologic agent in common colds,
only 3%—6% of common colds in children were attributed to HAdVs. Adenoviral pharyngitis is an
acute illness characterized by fever, sore throat, extensive exudative tonsillitis, and frequently,
cervical adenopathy. Other associated symptoms include headache, myalgia, chills, malaise, and
cough. In infants and preschool children, nasal congestion and discharge are more prominent, and
abdominal pain is a common complaint. Acute febrile pharyngitis is the most common adenoviral
illness in children and is particularly important as an epidemic illness in closed environments. On
occasion, HAdVs have been associated with acute laryngotracheitis. In general, the symptoms
caused are not severe and usually only presents with a barking and harsh cough. Laryngotracheitis
frequently is seen in association with febrile pharyngitis, bronchiolitis, and pneumonia.
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Recently, a 3-year cross-sectional hospital-based study showed HAdV species B, C, and E
were detectable in adenoid and palatine tonsil tissues and nasopharyngeal secretions from nearly
85% of children with adenotonsillar hyperplasia or recurrent tonsillitis. There is no association with
the severity of airway obstruction, nor with the presence of recurrent tonsillitis, sleep apnea or otitis
media. The histopathology shows follicular hyperplasia with increased lymphocytes and
macrophages. No characteristic viral inclusions are observed. Epithelial and subepithelial cells in
tonsils seem to be crucial for HAdV species C production and shedding in such persistent HAdV
infection.
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