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Abstract

Relevance: Cytomegalovirus (CMV) infection is the
most common infection that is most commonly found in sick
newborns and may be the leading cause of their morbidity and
mortality. Current research and clinical observations confirm
the likelihood of contracting CMV infection not only in the
antenatal period but also in the perinatal and postnatal periods.

The study aimed to comment on the current understanding
of neonatal CMV infection, its clinical manifestations
depending on the time of infection, perinatal outcomes, and
long-term consequences to develop a functional classification
of CMV infection in newborns.

Materials and methods: A systematic review and
analysis of the literature sources published by scientists in
neonatology and perinatology, healthcare practitioners, and
professional associations was carried out. Literature searches
were conducted in PubMed, Embase, Scopus, and Euro-
Peristat over the past decade by the study keywords. A total of
30 sources were included in the analysis.

Results: Delayed sequelae, symptomatic and asymptomatic
congenital and perinatal infections have been identified. A
review shows that, to date, the incidence of asymptomatic
congenital CMV infection has not been established. There is
no systematization of the clinical manifestations and outcomes
of congenital, perinatal, and postnatal CMV infection in
newborns.

Conclusion: Based on the literature review, we have
developed a functional classification of CMV infection in
newborns by the time of infection. Thus, CMV infection can be
congenital, perinatal, or postnatal. The classification presents
manifestations of symptomatic forms of CMV infection,
perinatal and distant outcomes. However, there are no clear
diagnostic criteria for asymptomatic forms of CMV infection.
There is no clear rationale for etiopathogenetic therapy,
prognostic and preventive criteria for various forms of CMV
infection. All of the above tasks require further prospective
cohort studies.

Keywords: newborn, congenital, perinatal, postnatal,
cytomegalovirus (CMV) infection.

Introduction: In recent decades, the problem of
congenital and perinatal infections has been widely studied
worldwide. The number of cases reaches 65.6% of all causes
of perinatal morbidity and 31% of mortality in newborns.
The relevance of this problem is due not only to significant
peri- and postnatal losses but also to the high risk of disability
of such patients. Among congenital and perinatal infections,

cytomegalovirus (CMV) infection is the most common,
causing manifestations ranging from asymptomatic to severe
generalized forms with damage to many organs and systems.
Currently, many publications are devoted to modern methods
of diagnosing congenital CMV infection, features of clinical
manifestations, therapeutic possibilities, prognosis, and long-
term outcomes. However, despite many research works in the
field of perinatology and neonatology concerning aspects of
transmission routes, early detection, and treatment of CMV
infection in newborns, questions on approaches to managing
infected full-term and premature newborns are still not
clarified. Establishing a clinical diagnosis of “congenital and
perinatal CMV infection” is a difficult task due to the absence
of specific symptoms and polymorphism of clinical symptoms.
In addition, to date, there is no accurate data on the incidence
of asymptomatic CMV infection.

The study aimed to comment on the current understanding
of neonatal CMV infection, its clinical manifestations
depending on the time of infection, perinatal outcomes, and
long-term consequences to develop a functional classification
of CMV infection in newborns.

Materials and Methods: A systematic review in PubMed,
Embase, Scopus, and FEuro-Peristat databases included
literature sources published over the past decade. The search
was done by the keywords ‘“cytomegalovirus infection”
and “newborn,” “congenital, perinatal and postnatal
cytomegalovirus infection,” “symptomatic, asymptomatic
form of CMV infection, «immediate and long-term outcomes,”
and “classification,” including variants of these terms. The
terms of medical subject headings (MeSH) were used where
possible. The search was limited to data on newborns; the
language restrictions were “English” and “Russian.” In
addition, the search was limited only to full texts of works.
Restrictions on the availability of articles were not considered
(all sources can be requested from the authors). Case reports,
case series, and reviews were excluded. The authors used the
“snowball” method when navigating through the links in the
studied articles, including reviews, to find additional sources.
A total of 33 sources were included in the analysis.

Results: CMV infection etiology

The pathogen belongs to the Cytomegalovirus hominis
species, subclass Deoxyvira, class Deoxicubika, order
Haplovirales, family Herpesviridae (human herpesvirus type
5), subfamily Betahepresviridae, genus Cytomegalovirus.
Four strains of CMV (AD 69, Davis, Towne, Kerr), which are
pathogenic to humans, are currently registered.

According to a phylogenetic analysis by Alwan et al., three
genotypes of the virus have been identified: gB1, gB2, and
¢B3 (Figure 1) [1].
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Figure 1 — Cytomegalovirus genotype structure [1]

As can be seen, gB3 human cytomegalovirus was the
most frequent genotype detected in 58.33% of infants with
symptoms of CMV infection, followed by gB1 (25%) and
gB2 (16.67%). However, the gB4 genotype was not detected.

Epidemiology of CMV infection

Mixed CMV with gB3/gB1 infection was detected in only
one case. Thus, gB3 human cytomegalovirus was the most
predominant genotype among newborns with symptoms of
congenital and perinatal CMV infection [1].

CMYV infection is widespread in all regions of the world (Figure 2).

Figure 2 — CMV seropositivity in people of different ages [2]

As shown in the diagram, specific antibodies (CMV
seropositivity) are present in 88% of people aged 70-79 years,
60% of adults aged 25-60 years, and 36% of children of 6-11
years [2].

An infected person remains a lifelong virus carrier; most
often, the virus remains latent. The higher the population’s

economic well-being, the higher the average age of contracting
CMYV and the lower the proportion of infected women of
childbearing age (Figure 3) [3]. The chart provides no data on
West Europe or the USA.

Figure 2 — CMV seropositivity in people of different ages [2]

The percentage of seropositivity of women of childbearing
age is: in South Africa and Asia — 100%, in Central and South
America and India — 95%, in Western Europe — 60%, in the
US and the UK —20% [3].

The incidence of CMV infection in newborns ranges from

0.2-2.0%. In preterm infants, it is significantly higher and
amounts to 16.0-18.0% [4].

Five percent of CMV-infected newborns will have
symptoms at birth, including cytomegalic inclusion disease.
Complications such as hearing loss and mental retardation
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will eventually develop in 15% of cases.

In a systematic review and meta-analysis, including 77
studies from 36 countries with a total of 515,646 newborn
children under three weeks, the overall prevalence of
congenital CMV infection was 0.67%. Worth noting that the
infection rate in low- and middle-income countries was thrice
higher than in high-income countries [5].

Thus, the prevalence of CMYV infection in populations of
different age groups is largely determined by socioeconomic
status.

CMYV persistence

A special variant of the disease is the latent form of
infection, in which the pathogen is defective and maintains
its vital activity due to intracellular parasitism without being
released into the external environment. After primary and non-
primary infection, strains of congenital CMV infection are in a
latent state. All herpes viruses ate distinguished by the ability
to latency in an infected person’s body. For life, the virus is
localized in blood lymphocytes, but it can persist in monocytes,
polymorphonuclear leukocytes, nerve cells of regional ganglia
of sensitive nerves, cells of salivary glands, kidneys, and other
organs. Under the influence of certain factors (intercurrent
illness, stressful situations, etc.), a latent infection reactivates
and transforms into an acute manifestation (manifestation
from the Latin manifestatio — detection, manifestation) with
the usual properties of the pathogen restored. Conversely, a
manifest form may transform into a latent form [6].

CMYV infection transmission pathways

An infected person is the only source of infection. The
CMV transmission ways are diverse: airborne, contact,
sexual, and transplacental (from mother to fetus) during organ
transplantation and blood transfusion of an infected donor [3].

Congenital CMV infection

It is an infectious disease resulting from the antenatal
transmission of the pathogen from mother to fetus through
primary infection of the pregnant woman, reactivation of a
previously acquired infection during pregnancy, or infection
of a seropositive pregnant woman with another CMV strain
[7].

Congenital CMV infection, the most frequent infectious
fetopathy, is a pressing problem due to the possibility of a
severe generalized process, congenital malformations, and the
potential risk of developing chronic pathology [5].

This infection can occur due to primary or non-primary
CMV infection in pregnant women. The risk of intrauterine
transmission increases when primary infection occurs during
pregnancy [8], with a higher rate of vertical transmission in
mothers with older gestational age at the time of infection,
while the risk of adverse effects on the fetus increases
significantly if the infection is contracted during the first half
of pregnancy. During pregnancy, reactivation or reinfection
of CMV occurs much more often than primary infection with
the virus. At that, some studies report that secondary CMV
infection causes 50-80% of all cases of intrauterine infection.
It has been established that the clinical manifestations and
severity of congenital infection depend on the type of pathogen,
its virulence, and the level of immunological reactivity of the
organism. With antenatal infection, the clinical symptoms of
the disease, as a rule, manifest themselves already at birth.
At that, with intranatal infection, the clinical manifestation of

congenital infection may debut not only in the first weeks of

life but also much later, in the post-neonatal period [9].
Congenital CMV infection can cause congenital

malformations, ante- or intranatal fetal death, severe
generalized disease of the newborn up to death, and
irreversible disabling disorders, such as sensorineural hearing
loss, blindness, cerebral palsy, neuropsychiatric development
delay.

In the study by H. Imafuku et al. (2020), a combination
of flu-like symptoms during pregnancy in the mother, fetal
ultrasound abnormalities, or premature birth at less than 34
weeks of pregnancy showed a sensitivity of 90.6%, specificity
of 66.4%, and a maximum Yuden index of 0.57, and they can
be considered as optimal prognostic factors [10].

Infection can affect almost all organs and systems:

» Central nervous system and sensory organs (microcephaly,
encephalitis with possible calcification, hearing loss,
chorioretinitis, cataract, microphthalmia);

» hepatobiliary system (hepatomegaly, hepatitis, cholangitis,
and intrahepatic cholestasis);

* hematopoiesis system (thrombocytopenia,
extramedullary hematopoiesis);

* urinary system (interstitial nephritis);

* respiratory system (pneumonitis);

» gastrointestinal system (esophagitis, gastritis, enterocolitis
with ulceration of the mucous membrane)

» endocrine glands (adrenal glands, pancreas, thyroid gland,
salivary glands);

According to Alwan et al., jaundice is the most common
clinical sign in symptomatically infected newborns, followed
by hepatosplenomegaly [1].

Congenital CMV infection is still one of the main causes
of hearing loss in the pediatric population, and there is a
broad debate about the introduction of universal screening of
newborns for CMV infection [11].

With the widespread use of assisted reproductive
technologies in obstetrics, publications on perinatal outcomes
of pregnancies conceived by in vitro fertilization (IVF) have
appeared in the literature.

According to A.A. Permyakova et al., preterm birth occurs
in 65.2% of IVF cases. At that, the infection rate of CMV
infection in PCR samples of saliva and urine in this group of
premature babies in the first year of life is 21%. According to
the authors, the high prevalence of herpes virus infection in
children born through IVF dictates the need for a non-invasive
screening PCR study of saliva and urine to identify CMV
DNA and determine the viral load [12].

Thus, congenital CMV infection is a highly prevalent,
adverse neonatal disease. Joint activity of obstetrician-
gynecologists,  infectious  disease  specialists, and
neonatologists is required to improve the perinatal outcomes
of CMV infection.

Perinatal and postnatal CMVI infection

Perinatal CMV infection in term infants is often
asymptomatic. Extremely rarely manifests as CMV
enterocolitis with a clinic of watery diarrhea complicated by
exsiccosis, hemocolitis, stenosis, or intestine perforation [11].
Postnatal infection through breast milk is discussed since
PCR detects CMV DNA in the mother’s milk. At that, it is not
found in dry spots of the child’s blood (on Guthrie’s map) [3].

anemia,
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Iwanaga et al. describe the manifestation of severe
enterocolitis in a girl of 6 weeks on mixed feeding. She
developed watery diarrhea with a loss of protein, exsiccosis,
hypoproteinemia (30 g/L), hypoalbuminemia (17 g /L), a
marked increase in ALT (581 units/L) and AST (280 units/L)
levels, and anemia [18].

Sue et al. describe a severe course of MV enterocolitis
in 2 children, eight weeks and ten months old. Histological
examination revealed pronounced destruction of crypts,
inflammatory infiltration, and immunohistochemically —
multiple CMV inclusions. CMV DNA was detected in blood
plasma by PCR. The child received four weeks of parenteral
antiviral treatment (ganciclovir) and valganciclovir orally for
the next four weeks [13].

CMV infection can cause severe enterocolitis postnatally
and in the first months of life, aggravating the course of
necrotizing enterocolitis (NEC). Vajnshtejn and co-authors
presented cases of CMV enterocolitis and NEC. Two full-
term infants developed severe watery diarrhea, and one had
blood in the feces. A premature newborn with CMV infection
had a worsening of the NEC course. Those patients received
ganciclovir and specific intravenous immunoglobulin with a
favorable outcome [3].

In Minihan et al. studies, 48 CMV-positive newborns were
identified out of 1,659 newborns (average gestational age 25.3
weeks, birth weight 695 g, age 58 days) (frequency of 2.9%).
The most common symptoms were bloating (43.8%), sepsis-
like syndrome (29.2%), thrombocytopenia (60.5%), and
conjugated hyperbilirubinemia (60.9%). Compared with the
controls, there was no significant difference in the combined
number of fatal cases or bronchopulmonary dysplasia (56.3%
vs. 37.5%; P = 0.1) or neurodevelopmental disorders after 1
and 2 years (51.9% vs. 44%; P =0.8; 71.4% vs 50%; P=0.4)
[14].

According to Mukhopadhyay et al., symptomatic postnatal
CMYV infection has been diagnosed in 1.3% of extremely low
and very low birth weight children, most commonly among
those weighing less than 1000 grams with respiratory instability
and thrombocytopenia littoralis. The authors summarized that,
like late-onset bacterial infection, symptomatic postnatal CMV
infection may contribute independently to the development
of bronchopulmonary dysplasia. This possibility should be
considered in a prospective study of newborns with extremely
low body weight [15].

Restrepo-Gualteras and others claim that CMV infections
of the respiratory system are more common in premature
newborns. At the pulmonary level, active CMV infection
is usually characterized by an alveolar disorder leading to
hypoxemia, opaque glass-type darkening, and interalveolar
infiltrates with CMV inclusions, according to lung biopsy.
The detection of active CMV infection in the respiratory
tract organs is accompanied by an additional assessment
of immune defects (primary or secondary) that disrupt the
function of T and NK cells or the innate antiviral response, as
well as other changes in immune regulation. General clinical
and radiological patterns, such as hypoxemia and pulmonary
darkening by the type of frosted glass, make it possible to
detect CMV infection of the respiratory organs in the early
stages and begin specific treatment of the liver [16].

Acquired CMV infection should be suspected in children

with very low and extremely low body weight, breastfed
by seropositive mothers, and showing severe symptoms,
especially sepsis with negative cultures [17]. This may allow
pediatricians to make better diagnoses, conduct supportive
therapy, provide antiviral treatment if necessary, or establish
“preventive” therapy for these high-risk newborns.

In the research by Weimer et al., postnatal CM VI infection
is associated with long-term consequences for the hearing and
growth of children with extremely low and very low body
weight and prolonged hospitalization. Prospective studies are
needed to determine all the consequences of postnatal CMV
infection and the effectiveness of antiviral treatment [18].

Thus, a high-risk group for developing perinatal and
postnatal CMV infection comprises deeply premature infants
who do not have passively acquired maternal antibodies,
contributing to their morbidity and mortality [19].

CMYV infection of the fetus and newborn: detection by
laboratory diagnostic methods

Indirect diagnostic methods and serological studies are the
main tools for assessing CMV infection during pregnancy.
CMV-specific class M antibodies (IgM) have been used as
a diagnostic marker of primary CMV infection in pregnant
women, although CMV-IgM has been detected in non-primary
CMYV infections. According to a systematic review by lijima,
IgG avidity testing can help distinguish primary CMV infection
from non-primary; however, there is no standardized analysis
to detect this difference. Besides, when the mother is positive
for CMV-IgG and negative for specific IgM, the probability
of vertical transmission after primary CMV infection is often
excluded. However, symptomatic congenital CMV infections
have recently been reported regarding negative outcomes for
maternal CMV-IgM [20]. The absence of CMV-IgM occurred
in both primary and non-primary CMV infections. In addition,
non-primary CMV infections in the mother during pregnancy
may lead to a greater proportion of symptomatic congenital
CMYV infections than previously thought. If universal prenatal
screening is performed, an ultrasound examination to detect
fetal abnormalities should be performed regardless of the
presence of antibodies to CMV-IgM in a pregnant woman.
Screening for CMV antibodies should be performed whenever
routine fetal ultrasound reveals abnormality [20].

IfaCMYV infection of the fetus is suspected, an examination
of the amniotic fluid or urine of newborns for DNCCMYV is
required. The gold standard for diagnosing congenital CMV
infection is an invasive procedure called amniocentesis.
Tanimura & Yamada found that the presence of CMV DNA in
the secretion of the mother’s cervix is a prognostic criterion for
congenital CMV infection in pregnant women with anti-CMV
IgM-emia. According to the authors, maternal serological
screening for primary CMV infection does not always allow
for diagnosing newborns with congenital CMV infection. This
screening detects CMV-specific immunoglobulins G, avidity
index IgG, or specific IgM. In this regard, scientists suggest
identifying potential biomarkers for predicting congenital
CMYV infection [8].

The IgG or specific IgM AVIDITY index misses several
newborns with congenital CMV infection. Scientists suggest
finding potential biomarkers for predicting congenital CMV
infection [21].
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Congenital CMV infection in a newborn is diagnosed in
the presence of a clinical and laboratory picture before the
21st day of life. The laboratory diagnostics of CMV is based
on detecting CMV-infected cells, the virus itself or its DNA,
antigens, and specific antibodies to the virus in the studied
samples [1]. The polymerase chain reaction method, which
combines high sensitivity and specificity, allows the detection
of viral DNA directly in the samples under study. The
advantage of the method is the possibility of early detection of
the pathogen in the patient’s body; even an immune response
is formed [33].

Saliva PCR seems to be the optimal method of screening
newborns for CMV [4]. Some authors report the possibility
of using PCR as a screening method for detecting CMV in
newborns’ saliva and urine [12].

According to H. Imafuku et al. (2020), tests for CMV
DNA in the urine of newborns born to mothers with clinical
manifestations (age < 25 years: OR — 2.7, 95%, CI 1.1-6.6, p
< 0.05; presence of fever in the mother or flu-like symptoms:
OR - 5.4, CI12.6-11.2, p < 0.01; ultrasound abnormalities of
fetal development: OR —12.7, C1 5.8-27.7, p <0.01; premature
birth at less than 34 weeks of gestation: OR — 2.6, CI 1.1-6.0,
p < 0.05) can be an effective method of detecting CMV as a
targeted screening with high sensitivity [22].

P. Ssentongo et al. reported lower rates in screening
methods using blood compared to urine or saliva [5].

Thus, the PCR method of saliva and urine samples in
newborns has advantages as a non-invasive diagnostic
method and is of diagnostic value in neonatology, especially
in premature infants with extremely low and very low body
weight.

CMYV infection treatment in newborns

CMV is the most common pathogen causing congenital
infection and can lead to significant adverse consequences for
the development of the nervous system. For this reason, in
many regions, the standard of treatment for congenital CMV
infection is a six-week course of ganciclovir [21].

Currently, there is no evidence of the benefit of antiviral
therapy in asymptomatic children. In case of symptomatic
CMV infection, oral treatment with valganciclovir for 12
months is recommended [22]. This therapy has proven
effective and tolerable for hearing and neurodevelopment in
the long term. Valganciclovir is intended for newborns with
disease symptoms at birth, such as microcephaly, intracranial
calcifications, chorioretinitis, or sensorineural hearing loss.
A multicenter study was conducted with a group of CMV-
infected newborns for specific treatment with valganciclovir.
The data obtained showed the efficacy and safety of oral
treatment with valganciclovir, which allowed this drug to
be approved as a treatment for infants with congenital CMV
pathology by Japan’s state health insurance system [23].

Treatment with antiviral drugs is usually not recommended
for newborns with mild symptoms of the disease at birth or
newborns under the age of 32 weeks of gestational age link.
However, since these populations comprise the vast majority
of newborns and infants with CMV infection, they are at
risk of developing late complications. In this regard, it is
necessary to study biomarkers capable of predicting long-term
consequences to justify the initiation of treatment and reduce
the percentage of complications associated with CMV.

The literature describes cases of neonatal cholestasis with
positive dynamics from antiviral therapy with ganciclovir [24].
And published data on the use of high doses of valganciclovir
to prevent congenital CMV infection in pregnant women with
primary CMV infection in the first trimester [25].

According to the literature, ganciclovir, and valganciclovir
improve long-term audiological and neurological outcomes
in patients with CMV infection. However, resistance to
antiviral drugs has been documented in some studies link.
Thus, Japanese researchers with their co-authors (2022)
have identified resistance to antiviral drugs in patients with
CMV receiving long-term therapy (for six months). Full-size
analysis of UL97 and UL54 using long sequencing made it
possible to quickly and comprehensively detect drug resistance
mutations [26]. The literature discusses the treatment of CMV
with Cyclosporine A, which performs a dual function in the
pathogenesis of CMV. It has an immunosuppressive effect that
promotes virus replication by inhibiting T-cell function and
an anti-CMV effect mediated by early intermediate protein 2
[27].

Thus, the problem of inpatient and outpatient treatment
of CMV infection in premature babies remains relevant. The
effectiveness of treatment in these patients to prevent further
complications was not monitored.

Long-term consequences of CMV infection in children

Recently, progress has been made in the field of congenital
CMV infection associated with the antiviral treatment of
pregnant women and infants, the introduction of newborn
screening programs for CMV, and the frequency and diagnosis
of complications among infected children. Today, perinatal
CMYV infection is increasingly recognized as a potential cause
of long-term consequences in addition to acute complications
in premature infants, which raises important issues related
to treatment and prevention. A study of children who did not
undergo newborn hearing screening revealed a higher level
(16%) of hearing impairment in the group with the perinatal
CMV infection compared to 9% in the control group [28].

New studies show ahighincidence of vestibular dysfunction
and neuropsychiatric disorders in children with CMV [28].
Some studies report an association between postnatal CMV
infection and long-term consequences, including delayed
development of the nervous system and bronchopulmonary
dysplasia among newborns with very low birth weight. [18]
The above was the motivation for strengthening research on
the elimination of the virus from breast milk using various
methods [29]. To study more distant complications of CMV,
previously considered asymptomatic.

Thus, CMV, first of all, negatively affects the child’s hearing
and contributes to neurological complications, especially in its
asymptomatic forms, which requires strengthening monitoring
of these children by pediatrist, neurologist, surdologist, and
ophthalmologist.

Prevention of congenital CMV infection

Non-randomized studies confirm the potential of CMV
hyper immunoglobulin in preventing CMV transmission
from mother to fetus, but prospective interventional studies
show questionable results. Thus, in a randomized study by R.
Devliegera et al. [30], there were no statistically significant
differences in CMV infection of the fetus and newborn
between a group of pregnant women (average gestational
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age 24-25 weeks) treated with intravenous immunoglobulin
during pregnancy and a group of mothers who did not receive
immunotherapy. The incidence of congenital CMV infection
was 13/28 newborns (46.4%; CI 27.51; 66.13) versus 16/45
newborns (35.6% [CI 21.87; 51.22]) in the control and main
(treated) groups, respectively (p = 0.46). Neonatal CMV
disease was predominantly mild and resolved spontaneously
without major safety concerns. [31].

Regarding vaccination against CMV infection, G. Gerna
et al. (2020) noted that future efforts are required to confirm if
the new recombinant gB vaccine serves better to prevent both
primary and non-primary infections [31].

Conclusion: Based on the review of literature sources on
the problem of CMV infection in neonatology, we present
the functional classification of CMV infection in newborns
developed by us (Table 1).

Table 1 — Functional classification of CMV infection in newborns

Types of CMYV Infection in Newborns

I. Congenital CMYV infection
I1. Perinatal CMV (pCMYV) infection

I1. Perinatal CMVI (CMY)
infection

II1. Postnatal
CMYV (post-CMYV) infection

Transmitted by the transplacental route

Transmitted through the birth canal
of the mother

Through breast milk, transfusion of
blood products after birth

Asymptomatic form

Manifestations

* unexplained thrombocytopenia,
leukopenia, anemia

Heavy and |+ early manifestation  deterioration of the general more often in children with
medium- » multiple organ pathology condition extremely low body weight, very
heavy » hemorrhagic rash in the form of | ¢  sepsis-like syndrome low body weight
petechiae and purpura (75%) » prolonged jaundice without * sepsis
* jaundice syndrome (63%) obvious causes * necrotizing enterocolitis with
+ activation of extramedullary * pneumonia negative cultures and surgical
hematopoiesis in the form of a |+ hepatosplenomegaly complications (perforation,
blueberry Muffin (Fig. 1) * hepatitis stenosis, etc.)
* prematurity of intrauterine + thrombocytopenia e pneumonia with
growth retardation * hemorrhagic rash the development of
* high rates of bronchopulmonary dysplasia
hyperbilirubinemia * prolonged jaundice without
and increased levels of obvious reasons
transaminases + enlargement of the liver, spleen

* hemorrhagic rash, etc.

isolated lesion of one or two
organs
» clinically insignificant or
transient (unexpressed
hepatomegaly, splenomegaly)
» single changes —
thrombocytopenia, increased
hepatic transaminases (ALT,
AST).

Easy .

Isolated
bathroom
hearing loss

there are no clinical and laboratory
signs of the disease except for
isolated hearing loss

Asymptomatic form

*+ CMYV +in blood, urine, saliva

 there are no clinically significant signs of the disease
* hemogram and biochemical blood test — no changes
* instrumental examinations — no changes

!1! During the first 3-6 months of life, delayed psychomotor development, sensorineural hearing loss, and chorioretinitis
(“late” manifestations of congenital CMV infection) gradually begin to form.

Complications — long-term outcomes

learning ability, speech defect, etc.

» - cardiomyopathy, arrhythmias

» - central nervous system damage - neurological dysfunctions, motor disorders, hearing and vision loss, decreased

» - the defeat of the hepatobiliary system — biliary cirrhosis (hepatitis, biliary tract infection)
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It follows from the presented classification that both
symptomatic and asymptomatic forms of congenital, perinatal,
and postnatal CMV infection may have delayed complications,
primarily from the nervous system and sensory organs, which
requires constant clinical and laboratory monitoring of CMV
infection in children in the post-neonatal period, especially
during early development.

It should be noted that there is insufficient data today, and
clear diagnostic criteria for asymptomatic forms of CMV
infection have not been established. The latter manifest at
different ages; in this regard, it is important to develop criteria
for the prognosis and prevention of various forms of CMV
infection.

Although the serological criteria for diagnosing primary
CMV infection are well known, the criteria for diagnosing

non-primary infection are still incomplete. There is a need for
clear clinical and laboratory justifications for conducting one
or another etiopathogenetic therapy. The problem of treating
CMV infection is aggravated by CMV strains resistant to
ganciclovir. Therefore, optimizing treatment regimens in
children with CMV infection continues and remains an urgent
problem. The issues of their further dispensary observation
have not been fully resolved.

There is still debate about whether human hyperimmune
globulin is capable of protecting against vertical transmission
of CMV. In conclusion, it should be noted that developing a
CMV vaccine that will prevent a significant part of congenital
CMYV infection will be an important progressive step in the
development of vaccination and prevention of both primary
and non-primary infections during pregnancy.
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K BOIIPOCY O KJTACCU®PUKALIUU IUTOMETAJIOBUPYCHOM MHOEKIIAU
Y HOBOPOKJIEHHBIX JETEM

U.E. Cynetimenosa’, H.C. Boocbanbaesa’, M.E. Amke’, C.H. Vpaszosa’

'"HAO «KazHMY um. C JI. Acghenousposay, Animamel, Pecnybnuxa Kazaxcman;
HAO «Meouyunckuii ynueepcumem Acmanay , 2.Acmana, Pecnybnuxa Kazaxcman;

AxktyanabHocTh: L{uromeranosupycnas undexus (LIMB) sBnsercs nanbonee pacnpocTpaHeHHOH MH(DEKIEH, KoTopas
yarre BCEro BCTPeYaeTcs y OONBHBIX HOBOPOXK/ICHHBIX U MOXKET OBITH OCHOBHOW NPHYMHON MX 3a001€Ba€MOCTH M CMEPTHOCTH.
CoBpeMeHHbIE HCCIIEIOBAaHNS U KIIMHUYECKUE HAOMIOACHHS TIOATBEPKAAI0T BEPOSITHOCTh HH(PUIIMPOBAHHUS [IUTOMETAIOBHPYC-
HOHM MH(EKINeH, He TOJIBKO B aHTEHATAILHOM IIEPHOJIe, HO U B IEPUHATAIILHOM U ITOCIIEPOI0BOM IIEPHOIaXx.

Lleanb uccaenoBaHUs — IPOKOMMEHTHPOBATH COBPEMEHHBIE ITPEACTABICHNUS O HEOHATAILHOM IIUTOMETaJIOBUPYCHOM HHpEK-
IIMH, €€ KIMHUYECKUX NPOSBICHHUAX B 3aBUCHMOCTH OT BPEMEHHU MHOHUINPOBAHUS, NEPHHATAIBHBIX MCXO/IOB M OTAAJIEHHBIX
MOCIIEACTBHH st pa3paboTKy padoueit kinaccudukarmm [IMB-nHpeknnn y HOBOPOXKICHHBIX.

Marepuansl n MeToabl: [IpoBeneH cucreMarnueckuii 0030p M aHAJIM3 JIUTEPATYPHBIX HCTOYHUKOB, OIyOJIIMKOBAHHBIX yUe-
HBIMH B 00JIaCTH HEOHATOJIOTHH M IIEPUHATONIOTHH, CIIEINAIUCTAMH PAKTHYECKOTO 3paBOOXPaHEHHS U ITPOPeCcCHOHATLHBIMU
acconnanusamu. [Touck mureparypsl npoBoanicst B 6azax PubMed, Embase, Scopus, Europeristat 3a mocneguue 10 ner ¢ uc-
TIOJTE30BaHUEM KITIOUEBBIX CIIOB HCCiIeAoBaHus. B anann3 Ob110 BKIIIOUEHO B 001IeH ci10xHOCTH 30 MCTOYHUKOB.

Pe3yabrarbl: BEISIBICHBI OTCPOYCHHBIE OCIIEACTBHS, HE TOJIBKO CUMITOMAaTHYECKUE, HO M OECCHMITOMHBIE BPOXK/ICHHBIE
nepuHaTadbHBIX HHpekuil. O030p MOKa3bIBACT, YTO HA CETOMHAIIHUN JICHb YacTOTa OeCCUMNITOMHON BpoxaeHHON [[MB-uH-
(exuu He ycraHoBieHa. CHcTeMaTH3anys KITIMHNYECKUX TPOSIBICHUH 1 NCXOJI0B BPOXKJICHHON, IEpUHATAIBHON M TIOCTHATAJb-
Holt [IMB-nH(ekunn y HOBOPOXXJICHHBIX OTCYTCTBYET.

3akrouenne: OCHOBBIBAsCH HA MPOBEACHHBIN 0030p JIMTEpaTyphl, HAaMU pa3paboTaHa padoyas kinaccudukanms LIMB-un-
(hexMn y HOBOPOXK/IEHHBIX JETeH, KOTOpasi, B 3aBUCUMOCTH OT BPEMEHH 3apakeHHUsT, MOXKET OBITh BPOXKJICHHOM, IEpHHATAIbHON
U TocneponoBoil. B knaccudukanmy npencrasieHsl MposiBieHns cumnroMarindeckux Gopm LIMB-nHdekuum, nepruHaraibHbe
W OTZHaJNeHHbIe HcXobl. OTHAKO YETKHUX JTUarHOCTHYECKUX KpUTepHeB s 6eccumnToMHubIx Gopm LIMB-undexknnu He cymie-
ctByeT. OTCYTCTBYIOT YE€TKHE 0OOCHOBAHUSI IJIs TPOBEICHUS THONATOTCHETHYECKOH TEpaIii, NPOTHOCTHYECKUX U PodHIaK-
THUYECKUX KPUTEPHEB JUIA pazindabix Gopm LIMB-undeximm.

Bce BblenepeunciieHHbIE 3a1a41 TPEOYIOT JaTbHEHIINX IIPOCHEKTUBHBIX KOTOPTHBIX HCCIICTIOBAHHM.

Knwuesvie cnoea: HOGOpOOfC()eHHblﬁ, 6p09f€()€HHa}Z, nepurnamaiibHdsl, nOCMHAMAlIbHAA YyumomezaiosupyCcHas LlHd)eKlﬂ/lﬂ,
cumnmomamudeckas, beccumnmomnas gbopMa, KJlaCCUd)uKalﬂl}l
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KAHA TYBUUIFAH HOPECTEJIEPAEI'I HUTOMETAJIOBUPYCTbI UH®EKIIUAHBIH
KIKTEJIYI TYPAJIBI CYPAKKA

UE. Cynetimenosa’, H.C. Bosicoanbaesa’', M..E. Amxe®, C.H. Ypazosa’

I« CIK. Acghenouspos amvinoaser Kaz¥MY» KEAK, Anmamei, Kazakcman Pecnybnuxacol,
’wAcmana meouyuna ynusepcumemiy KEAK, Acmana xanacel, Kasaxkcman Pecnybnuxacol,

TY:KbIpbIM

O3exriniri: [{utomeranosupyc undekuusicel (L{IMB) eH xen Tapanran nHdeknus OONbIN TadbUIAIBI, 0J1 KoOiHECe HayKac
JKaHa TyFaH HOpeCTeJep/ie aHBIKTaIabl )KOHE OJIapblH aypyIIaHIbIFbI MEH OJIIMIHIH Heri3ri ce0edi Ooiybl MyMKiH. 3aMaHayn
3epTTeyiep MeH KIIMHUKAIBIK OaKpuiayjaap [IUTOMErajJoOBUPYCTH HHMEKIMSIHBI TEK aHTEHATaIb/Ibl eMeC, COHBIMEH Karap NepH-
HaTaJIIbl, COH/all-aK O0caHFaHHAH KEeHIHT1 Ke3eH/Ie JIe )KYKTBIPY BIKTUMAJIIBIFBIH PAcTalIbl.

3epTTeyniH MaKcaTbl — HEOHATANBIbI [IATOMETATOBUPYCTHI HH(EKIMAHBIH Ka3ipri TYCiHIriHe, OHBIH HHMEKIUS yaKbIThIHA
0aiiaHBICTHI KIIMHUKAJIBIK KOPIHICTEPiHE, IEpUHATAI/IBIK HOTHIKENEpre )KoHe kKaHa TyraH Hapecrenepaeri LIMB undexuscer-
HBIH JKYMBIC KJIaCCU(HUKAIMSCHIH 931pJiey YIIiH y3aK Mep3iMi canjapra TyciHikTeMe Oepy Oopl.

Marepuannap men 9aicrepi: Heonatonorus jxoHe NepHHATONIOTHS CaJaChIHAAFbI FabIMAAp, MEAUIMHA KbI3METKepJIepi
JKOHE KOCINTIK OipiecTiKTep MIbIFapFaH o/1eOueT Ko3/epiHe KyHell moiy skoHe Tajiay Kypriziani. Conrsl 10 xbul inmiHae 3epT-
Tey KUITTI ceszaepi apkeuisl PubMed, Embase, Scopus, Euro-Peristat caiittapeima oneOuertepai i3aey xyprisziani. Tangayra
OapibIFel 33 AEepeKKe3 eHri3ul.

Hatmkenepi: Tex cumnToMaTHKanbIK FaHa eMec, COHBIMEH Karap CUMIITOMCHI3 Tya OiTKeH, epuHaTalAbIK HHEKIHsIap-
JIBIH KEIIIKTIpUIreH cangapsl aHbIKTan el [1loay OyriHri KYHTe JeiiH CUMITOMCHI3 Tya O0iTkeH [IMB HHMEKITUACHIHBIH KULTIT
aHBIKTaJIMaraHbIH KepceTeli. JKaHa TyFaH HopecTenep/eri Tya OiTKeH, HepHHATaIIBIK XoHe nocTHaTanbasl [{MB undexusce-
HBIH KJIMHUAKAJIBIK KOPIHICTepl MEH HOTHIKEJICPIH KYHeey KOK.

KopbIThIHABI: OnebueTTepaeri monyra cylieHe oThIpHIN, 0i3 jkaHa TyraH Oananapaarsl [IMB uH(peKIMICHIHBIH KIaccH-
(UKaLMSCHIH JKacabIK, 01 )KYKTBIPY YaKbIThIHA OalIlaHBICTHI Tya OITKEH, EpHHATAJIBI )KOHE IMOCTHATANIBABI OOYbl MYMKIH.
Knaccudukamms LIMB nH)EKIMSICHIHBIH CHMOTOMAaTHKAIBIK (DOPMaNapblHBIH KOPIHICTEPIH, MEPHHATAN/bI JKOHE aJbICTaFrbl
HoTWKesepai ycbiHansl. Jereamer, [IMB uHGMEKINSICHIHBIH aCHMIITOMATHKAIBIK HBICAHIAPHI YIIiH HAKTHI JHATHOCTHKAIBIK
kputepuitnep xok. LIMB uHbeKIHCHHBIH opTYpITi popMaapbIHBIH ATHONATOT€HETUKAIIBIK TEPAHICHIHBIH, O0JKaMIIBIK JKOHE
QIJIBIH Ty KPUTEPUHJIEPIHIH HaKThl HET13eMeCi JKOK.

orapsia aranraH TancepMaIapIbsiH OapIbIFsl OoaiakTarkl KOTOPTTHIK 3epTTEYIep i KaKeT eTeli.

Tyiiinoi ce3dep: sicana myzan napecme, mya 6imKeH, NepUHAMAIObIK, NOCMHAMAILObL YUMOME2AI08UPYCIbL UHDEKYUsL,
CUMNMOMAMUKANBIK, CUMNINOMCHI3 MYPI, IHCIKMENYi
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