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Abstract

The review is devoted to hemorrhagic fever with renal syndrome (HFRS),
analyzing studies on pathogenesis, etiology, diagnosis and treatment. The results
of clinical features of the disease manifestation in children, as well as preventive
measures aimed at reducing the disease in children are analyzed for the first time.
The data on the available treatment of young patients were analyzed.

Oz

Bu derleme, patogenez, etiyoloji, tan1 ve tedavi ile ilgili ¢aligmalar1 analiz
ederek renal sendromlu hemorajik atese (HFRS) ayrilmistir. Cocuklarda hastalik
tezahiirlinliin klinik 6zelliklerinin sonuglart ve g¢ocuklarda hastaligi azaltmaya
yonelik oOnleyici tedbirler ilk kez analiz edilmistir. Geng hastalarin mevcut
tedavisine iligkin veriler analiz edilmistir.

Introduction

Hemorrhagic fever with renal syndrome (HFRS) is a viral disease
caused by the hantavirus genus, family Bunyaviridae. The disease is a
zoonosis, and the field mouse (Apodemus agraricus) is considered to be
a vector of viruses. It should be noted that there are studies proving that
other mammals can also carry this infection (1). The virus is transmitted
by biological secretions of the field mouse, namely saliva, feces and
urine (2). The disease is not currently widespread on a territorial scale,
but there is an annual increase in the number of cases, and this is due to
the peculiarities of the infectious reservoir of HFRS (3).

Address for Correspondence/Yazisma Adresi:
Bay Ilnur I Yagudin, Izhevsk State Medical
Academy Department of Pediatrics and
Propedeutics of Childhood Diseases, 1zhevsk,
Russia

Epidemiology
The increase and lack of decrease in the incidence of HFRS depends
on the fact that rodents have the opportunity to be in close contact with

humans. This is related to the diet of field mice, whose diet includes
E-mail: yagudin-ilnur@bk.ru

50 J Curr Pediatr 2025;23:50-6
Copyright© 2025 The Author. Published by Galenos Publishing House on behalf of Bursa Uludag University, Department of Pediatrics.

This is an open access article under the Creative Commons AttributionNonCommercial 4.0 International (CC BY-NC 4.0) License.


https://orcid.org/0000-0002-6032-8839
https://orcid.org/0000-0003-4359-5844
https://orcid.org/0000-0001-8780-2994
https://orcid.org/0000-0003-3120-2994

Yagudin et al. HFRS in Adults and Children 51

the consumption of cereal plants, which causes them
to enter human dwellings in search of food. After
consumption, they leave their biological waste in
the cereal tanks, thus human contact with rodent
excretions occurs, which leads to human infection
with Hantavirus (4). Mass field work has also become
one of the variants of infection (5). In today’s world,
field and farm work is done by industrial organizations
that use autonomous-specialized equipment, comb
pared to years past, where manual labor of workers
was previously used. The use of modern equipment,
personal protective equipment, has reduced human
contact with field mice and their biological secretions,
which in turn has reduced the incidence of this
pathology. Also, with the development of modern
organization of health care and improvement of the
quality of medical care, it became possible to better
and competent diagnosis of HFRS in organizations
where there is a risk of infection with this pathology,
and also allowed better diagnosis of the pathology in
conditions of civil medicine (6). One of the factors that
has reduced the incidence of HFRS is the concentration
of the population in cities, which allows people to
move away from private homes, as rodents use human
homes not only as a place to find food, but also as a
warm and comfortable place to live. It should also be
noted that at the moment there is supporting evidence
that hantaviruses can be carried not only by rodents,
but also by other mammals, including bats (7). There is
statistical data confirming an increase in the incidence
of HFRS in patients during the spring and fall seasons.
It should be noted that the incidence of this pathology
increases from year to year.

Virus Morphology

HFRS is a viral disease which is caused by a whole
family of viruses, which includes such viruses as:
Hantaan virus (HTNV), Amur virus (AMV), Seoul
virus (SEOV), Dobrava virus (DOBV), Puumal virus
(PUUV). An important feature is that these viruses
are capable of causing disease of varying severity.
There are studies demonstrating that with different
species diversity of Bunyaviridae viruses, the disease
has different degrees of severity (8). It should also
be noted that the studies are not numerous and
require further study and consideration. The viruses
themselves are enveloped RNA-containing spherical
viruses with a diameter of 80 to 120 nm and form a

separate genus in the family Bunyaviridae (9). The
genome consists of three single-stranded RNAs with
anegative sense that share a common 3’-end sequence
of genome segments. S (small), M (medium) and L
(large) segments, encode nucleoprotein (N), envelope
glycoproteins (Gn and Gc), and protein L or viral
RNA-dependent RNA polymerase, respectively (10-
12). The morphology of this virus allows it to tolerate
high temperatures, thereby allowing the infection to
persist in an aggressive environment. Despite this,
the virus is easily killed when heated to 60 C ° for 30
minutes, exposed to UV irradiation and using organic
solvents (13). This fact makes it possible to control the
virus using specialized equipment, as well as to use
personal protective equipment for humans, which in
turn will reduce the risk of human exposure to infecting
agents. In most cases, chemical agents are still used to
kill rodents (14). These methods can help to limit the
spread of the virus, but cannot eliminate it completely.
It is very difficult to completely get rid of, or reduce
the epidemiological zones, because anyway man will
always be closely connected with nature, and regardless
of the technological progress mankind will not be able
to give up agricultural production, and completely get
rid of interaction with animals, so this disease will exist
and change, thus people will be interested in treatment
for a long time. Based on existing studies, analyzing
dangerous epidemiological areas, there are results in
which the incidence remains high from year to year.
It is important that in these areas’ methods are used to
control the virus, but the epidemiological zones are not
reduced and the incidence is not reduced.

Pathogenesis is Associated with Changes in
Hemodynamics

The pathogenesis of HFRS disease is not fully
discovered, but there are already studies that have
come close to deciphering this pathology. Hantavirus
enters the human body through biological secretions
of rodents, then the virus enters human cells through
the respiratory and digestive systems, less often
through the mucous membrane of the eyes (15,16).
The damaging factor, namely inflammation, targets
vascular endothelial cells, which in turn impairs
their permeability, resulting in leakage from the
bloodstream (17). There are studies that prove that
the severity and the course of the disease depends on
different associations of hantavirus RNA load (18). An
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analysis of renal biopsies obtained from infected and
uninfected patients was performed, concluding that
intercellular contacts of the ZO-1 compound located
in glomerular and tubointerstitial cells were impaired
in infected patients. It is also important that the values
of peptide reduction in cells correlate with the severity
of clinical symptoms. Undoubtedly, the recovery of
patients from hantavirus-induced HFRS, as well as
other viral diseases, depends almost entirely on the
immunological activity of the organism. Therefore,
the pathogenesis is completely associated, with the
action of the complement system, T-cell response,
B-cells, and cytokine production, where everything
and leads to the phenomenon of cytokine storm (19).
This theory has already been supported by multiple
studies describing those bioactive substances produced
by macrophages, monocytes and lymphocytes in
response to an inflammatory agent are involved in
the regulation and activation of inflammation (20).
There are studies demonstrating that during the febrile,
hypotensive and oliguric period, serum concentrations
of TNF-a, IL-6, IFN-y, IL-8, IP-10 and RANTS are
increased in the blood, and their levels are directly
related to the severity of clinical symptoms. Thus, it
was concluded that cytokines, namely TNF-a, IL-1
and IL-6, are mediators that lead to febrile syndrome,
septic shock, as well as due to them increased
production of acute phase proteins. There have been
results highlighting that the cytokine IFN- has
the ability to act on endothelial cells, increasing the
permeability of the vessel wall. IFN-f type 1 (IFN-B
o/PB) this cytokine is produced during viral infection,
in proof there are studies that in vivo and in vitro
showed that IFN-f is increased in serum (21). Another
representative of cytokines is [FN-y, the concentration
of which also increases with the manifestation of the
disease, so the dependence of the concentration, the
manifestation of clinical symptoms, and the severity
of the disease was investigated, resulting in a direct
correlation of indicators (22). In the overall totality
of the results obtained, a protective function of the
immune system, represented by the cytokine storm,
which is aimed at the elimination of the virus from
the body, but at the same time is itself a manifestation
of immunopathology, which also damages the body
itself, is indeed observed. This defensive reaction leads
to general clinical syndromes in the body: general
toxic, hemodynamic disorders, acute renal failure,
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disseminated intravascular coagulation, abdominal
(dyspeptic) syndrome and respiratory syndrome (23).
Thus, when the immune response gets out of control, it
leads to irreversible consequences in the body.

Clinic of the Disease

Infection of humans with the virus that causes
HFRS occurs through inhalation of virus-containing
aerosols released from rodent excretions, such as
urine, feces, and saliva. In this way, the virus is
transmitted by airborne droplets and spreads in the
body. Infection and the disease process are divided
into clinical periods: incubation, febrile, hypotensive
shock, oliguric, polyuric, and recuperative periods. The
incubation period may take 1-5 weeks. The next period
is febrile, which lasts 3 to 5 days, manifesting itself by
clinical symptoms such as fever, chills, thirst, cough,
muscle and joint pain, which are not characteristic of
a particular disease, so in practice these symptoms are
usually written off as acute respiratory diseases (ARI).
The key moment comes when the manifestation
of hemorrhagic syndrome is determined, which in
turn is represented by a petechial rash. All the listed
manifestations vary and there is no clear gradation.
Further, the course of the disease progresses to
hypotensive shock, it lasts from several hours to several
days. This period is very important in treatment, as it
requires special attention and monitoring the dynamics
of blood pressure, as it can rapidly fall to low values,
which in turn aggravates the patient, as low blood
pressure in combination with inflammatory renal
damage closes in a pathological circle, which leads to
deep kidney damage. The oliguric period (3 to 7 days),
is, according to numerous studies, the most fatal, as
patients die predominantly during this period (24). It
is essential that all pathological manifestations reach
their maximum, namely, general toxic manifestations,
hemodynamic disorders, renal failure, etc in this period.
Then there comes a period that leads to the resolution
of the disease is polyuric (1-2 weeks). Here the pain
disappears, sleep and appetite normalize, and diuresis
resumes. All this is aimed to improve the patient’s
condition. And the final distinguished period is the
period of recuperation (3-6 months), as pathological
processes subside, laboratory parameters such as
creatinine and urea are normalized. It is important to
understand that acute condition caused by HFRS can
lead to the development of non-cardiogenic pulmonary
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edema, pathological development is directed towards
ARDS, which closes with the death of the patient.
The time and transition from one stage to another,
depends not only on different hantavirus serotypes,
but also depends on compensatory and individual
body characteristics. Currently, there are no existing
methods that can predict the exact stage and guarantee
the transition from one to another, so there is a need for
a more accurate differential diagnosis of the disease,
and an increase in the speed of obtaining test results. A
study was conducted to analysis the medical histories
of children with HFRS and compare symptoms in
children with adults to identify the characteristics of
the disease. The result was similarity of symptoms
with adult patients (25).

Markers in the Diagnosis of HFRS

In scientific studies related to HFRS disease, a lot
of data was obtained, namely, a new feature of more
in-depth pathogenesis was revealed, as a precursor
of natriuretic hormone called NTproBNP peptide
was identified (26). It was possible to achieve the
detection of NTproBNP peptide in the blood, thus it
became possible to focus on the concentration of this
peptide and analyze the degree of damage to the body,
as well as to use as a diagnostic marker in the disease
of HFRS (27). In essence, this peptide has become a
marker that can now be used in the diagnosis of the
disease and used to analyze the disease. This peptide is
released in response to renal and cardiac damage. This
peptide is known to be elevated during all periods of
HFRS disease, but its maximum serum concentration
is reached during the oliguric period. This is due to
the fact that NTproBNP peptide is produced by heart
cells in order to reduce the hemodynamic load on the
heart (28,29). This may be due to the fact that during
the disease of HFRS in conjunction with pathological
syndromes, there is hemorrhage in the right atrial
auricle, which provokes receptors for the production of
the peptide. It should be noted that the manifestation of
renal pathology also leads to retention of NTproBNP
peptide, which increases its concentration in the blood
as its excretion from the body is impaired. (30). Thus,
the manifestation of cardiorenal syndrome type 3
leads to an increase in serum peptide concentration.
Currently, studies have been carried out investigating
the effect of clotting system and folate cycle gene
polymorphism on echocardiographic parameters in

HFRS (31). The F7:10976 G/A gene polymorphism
is known to decrease gene expression, resulting in
lower levels of factor VII, which is used as a marker
of thrombosis formation and myocardial infarction.
Thus, it was revealed that allele a of F7:10976
G/A gene was detected more often in patients with
developed signs of thromboendocarditis, and genotype
G/G of FGB: -455G/A gene was often detected
in myocardial longitudinal peak strain disorder.
Thus, it is possible to distinguish and diagnose each
period, as well as to analyze and speak about the
patient’s prognosis. Due to competent analysis and
identification of patterns, a new marker of HFRS,
which is a biological component of the body (peptide),
has been identified, which allows to diagnose
the disease without using external substances for
diagnosis without infusion. Therefore, this fact may
allow improving the quality and speed of diagnosis of
HFRS. Despite already having disease markers that
were detected at different periods of the disease, they
can fall out of the cycle and also overlap with each
other, which in turn certainly blurs the clinical picture.
These features are important when choosing the right
treatment tactics.

Diagnosis of HFRS with an Emphasis on
Instrumental Methods of Investigation

The most important thing in the practice of any
clinician is an early diagnosis, because it is early
diagnosis that will solve the patient’s problem with
lower consequences, namely damage to organs and
systems, and increase the likelihood of complete
recovery. Therefore, it is very important to identify
the patient as early as possible and begin specialized
treatment of the patient. It is known that everything
1s not limited to one method, there are also used
laboratory methods (biochemical, serological),
electrocardiography (ECG), chest radiography in
direct projection, renal ultrasound, and determination
of oxygen saturation (SpO,) using pulse oximeter
(32-35). Further, it is necessary to expand on the
above studies. The use of the biochemical blood test
is more general, and indicates general inflammation
despite the fact that the spectrum is much broader
compared to the general blood test, clear detection of
the virus is not detected. Therefore, in such a case, a
serological method of investigation is further used,
which in turn allows definitive confirmation and
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identification of the virus that causes HFRS (36).
Discoveries in the field of HFRS diagnosis do not
stand still, so there is a development of this direction
and research in this area. A patent has been received
for a method that makes it possible to increase the
accuracy, speed and quality of HFRS diagnosis at
carly stages (RU Patent 2735810). This invention
allows to carry out a diagnosis of HFRS, using the
results of research, which are based on syndromes,
such as fever, hemorrhagic syndrome, urinary
syndrome and using ultrasound elastometry method
allows to make an accurate diagnosis quickly, namely
by determining the stiffness of the renal parenchyma
when the stiffness value is below 16 kPa, and if the
patient has the syndromes listed above, then the
patient can be diagnosed with hemorrhagic fever with
renal syndrome. And if the stiffness is above 16 kPa,
then the diagnosis cannot be HFRS. The presented
method development bears unique properties, namely
that the method is very cheap and easy to use, as it
does not use expensive equipment. This method makes
it possible to increase the speed of diagnosis, as well
as to use it in hospitals that are less financed and thus
have less equipment. Therefore, this method is already
recognized and used in practice.

Treatment

HFRS carries many features that need to be
considered in the treatment of this disease. The
following treatments and studies were conducted
on adult patients. There are many drugs that can be
used in treatment, namely, including IFN-q, steroids,
and cyclophosphamide, they have been shown to
be effective in improving the condition of patients
(37,38). It is also important to understand that special
attention needs to be given to the patient by equalizing
the water-salt balance, as due to the implications of the
clinic, this is the primary goal in stabilizing the patient
during the disease (39). One of the antiviral drugs
ribavirin (1-beta-D-ribofuranosi-11,2,4-triazole-3-
carboxamide) was used in the treatment of patients, and
it was found that for the best effectiveness of the drug
it is necessary to start treatment as early as possible,
this allows achieving a rapid recovery, but also an
important feature that with its use the mortality of
patients was higher (40). New monoclonal antibodies
(MAbs), which have shown good results in trials, are
a hope to improve the effectiveness of HFRS therapy
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(41). An important problem is that there is no specific
treatment for children, so the treatment of patients is
only symptomatic.

Prevention

HFRS is a very common pathology, thus it remains
a current problem in epidemiology. As we already
know, the way of infection is practically figured out.
At the moment we know how to fight it, namely to
use individual means of protection, to protect one’s
home from rodents to use poisonous substances (42-
44). All this is used by the population and it is also
important to carry out sanitary-educational measures
for the population, which allowed to increase the
safety of the population in epidemiological foci. These
measures already exist and in most cases are used,
but the infection of the population still occurs, so
they are not the key to solve the problem. Therefore,
all hope of preventing HFRS should be directed to
vaccination of the population, which would allow to
receive protection properly. In connection with this,
a Hantavax vaccine was developed in China (Korea
Green Cross, Seoul, Korea), which was based on dead
Hantavirus DNA, this was derived from the brain of
infected rodents, but its effectiveness tended to zero
over time, and eventually became completely useless
(45-47).

Conclusion

As a result, HFRS remains and will continue to be
an urgent problem for which a lot of effort will have
to be put into finding a solution, also the pathogenesis
of the disease will have to be fully studied, and new
methods of individual protection, chemical substances,
with higher effectiveness and greater humanity to
the reservoirs of the virus will have to be invented.
This would help reduce transmission in humans and
would have a major impact on reducing the incidence
of the disease. The development of new drugs would
produce more effective results, thereby improving
the therapy for HFRS disease. Creation of a working
vaccine would lead to the development of general
immunity in the population, could lead to a complete
victory over the problem. Therefore, it is necessary to
work together with the entire scientific community to
achieve these results in the future.
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