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Abstract

Respiratory syncytial virus is one of the major causes of respiratory
tract infections during infancy with high rates of hospitalization and
mortality during the first years of life. It is the most common cause of
acute bronchiolitis and viral pneumonia in children below two years
of age and second the most common cause of postneonatal infant
mortality all around the world following malaria. In addition, the vi-
rus has been causally linked to recurrent wheezing and associated
with pediatric asthma. The respiratory syncytial virus infections tend
to be severe in high risk patients such as patients below six months
of age, with prematurity, congenital heart diseases, neuromuscular

Introduction

Respiratory syncytial virus (RSV) is the most common
respiratory agent in infants and young children world-
wide. Respiratory syncytial virus is the most common
agent that leads to acute bronchiolitis and viral pneu-
moniae, and the second most common cause of in-
fant deaths after malaria after the neonatal period (1).
The clinical findings may manifest in a wide spec-
trum ranging from mild upper respiratory tract infec-
tion or middle ear inflammation to life-threatening
lower respiratory tract infections. Among the lower
respiratory tract infections, it most commonly leads
to bronchiolitis and subsequently, pneumonia and
croup may also be observed (2). Specific anti-RSV an-
tibodies are positive in the majority (87%) of infants
aged 18 months and in all children aged three years
(3). It leads to epidemics in late autumn, winter, and
early spring in areas with temperate climate (between

diseases and immune deficiencies. No specific treatment is available
for respiratory syncytial virus infections to date. Severe cases require
supportive therapy, mainly oxygen supplementation and hydration,
and less frequently, ventilatory support. Because there is no vaccine
to prevent respiratory syncytial virus infections or clinically effective
treatment to administer to children with respiratory syncytial virus
infection, immunoprophylaxis with palivizumab is currently the only
method for reducing morbidity associated with severe respiratory
syncytial virus in high-risk infants.
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November and April with a peak in January-Febru-
ary), and throughout the year in areas with tropical
climates.

Respiratory syncytial virus leads to approximate-
ly 3,400,000 hospital admissions and at least 66,000
deaths each year and 99% of these deaths occur in de-
veloping countries (4). Currently, there is no effective
and safe medication or vaccine for RSV infections, and
infection with this virus continues to be a clinical prob-
lem worldwide. Prophylaxis with palivizumab, which is
an RSV-neutralizing monoclonal antibody and admin-
istered in high-risk groups in epidemic seasons, is the
only preventive method.

Virus and pathogenesis

Respiratory syncytial virus, which was isolated from
a chimpanzee in 1956 for the first time was initially
named as chimpanzee coryza agent. Subsequently, it
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was isolated from infants who had lower respiratory
tract infection and labeled as a human pathogen (5).

Respiratory syncytial virus is an enveloped, sin-
gle-stranded, nonsegmented, negative-strand RNA vi-
rus, which is a member of the family Pneumoviridae
(previously classified as Paramyxoviridae), included in
the order Mononegalevirales (6). The viral genome,
which is constituted by ten genes and has a length of
15.2 kb, encodes 11 proteins: F and G envelope surface
glycoproteins, M1, M2-1 and M2-2 matrix proteins,
NS1 and NS2 virion proteins, SH protein and N, D,
L nucleotide capsule proteins. G (binding) protein is
important for binding to the host cell and F (fusion)
protein is responsible for fusion of the viral envelope
with the cellular plasma membrane. At the same time,
F protein promotes fusion of infected cell membranes
with those of adjacent cells, leading to the characteristic
syncytia formation, which the virus is named after (7).
Fusion and G proteins are the main targets of the an-
ti-RSV monoclonal antibody response.

There are two main antigenic groups according to the
changes in surface glycoproteins: A and B. Although
there are geographic differences, both subgroups are
generally in association in RSV epidemic season. Sub-
group A infections are more common and have high
rates of spread (8).

Infection is transmitted by way of direct or indirect
contact with nasal and oral secretion (dirty hands/sur-
face). It is known that the virus can survive for six hours
on counters, for 45 minutes on paper, and for 25 min-
utes on dirty skin surfaces such as hands (9). Infection is
limited to the respiratory mucosa, invasion to the other
organs generally does not occur except for in immuno-
compromised patients and infection does not manifest
in the blood. Recurrent infection is frequent and it can
occur at any age, generally with a lower degree of sever-
ity; previous infection does not provide immunity. The
virus infects ciliated cells of the upper respiratory tract,
and the epithelium of the small bronchioles and type
1 pneumocytes. Nasal discharge and obstruction, fever,
and cough develop in the nasopharyngeal epithelium
following 4-6-day viral growth (10). Viral spread most-
ly lasts for 3-8 days, but may last for weeks in immu-
nocompromised patients. It leads to lower respiratory
tract infection (LRTT) in 25-40% of patients.

Bronchial narrowing, excessive aeration, and disruption
in gas exchange occur as a result of infiltration of the
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airway by inflammatory cells, necrosis in the respiratory
tract epithelium, shedding of necrotic cells, excessive
mucus production, decreased ciliary function, and air-
way edema (11). Both humoral and cellular immunity
are involved in the clearing of infection. A strong in-
terleukin-8 (IL-8)-mediated neutrophil response is the
first response against RSV infection in the body, which
is related with the disease severity. Dendritic cells as
antigen-presenting cells reach the lung and viral clean-
ing occurs by way of a pulmonary CD8 T cell response
following systemic T cell lymphopenia. B cell-activating
factors in the airway epithelium are important in the
production of protective antibodies; interferon gamma
(IFN-y) has a protective role (12).

The cord RSV IgG antibody level is related with disease
severity in the first six months. The levels of the IgG
type antibodies transferred to the fetus during preg-
nancy, and especially in the second half of pregnancy,
decrease in time in the postnatal period and reach the
lowest levels at the age of 2-3 months.

Epidemiology

Respiratory syncytial virus infection occurs most com-
monly in children aged below 24 months. Its prevalence
is 5.2/1000 (26/1000 at the age below 1 month). The first
six months is the critical period and the most severe
disease is observed during these months. Hospitaliza-
tion occurs with a 3-fold higher frequency in preterm
babies (13). More than 20% of hospitalizations due to
RSV occur in the first 2 months, more than 50% occur
in the first three months, and more than 70% occur in
the first six months (14).

In the study conducted by Hacimustafaoglu et al. (15)
in Turkey, the prevalence of RSV was found as 37.9%
in 671 patients aged below 24 months who were hos-
pitalized because of LRTT; babies aged between 0 and
three months constituted 38.3% of these patients. In
addition, RSV was found to be positive in 41% of the
cases of acute bronchiolitis and in 34% of the cases of
pneumonia. In a multi-center study conducted by the
Turkish Neonatal Society (TNS), RSV was found with a
rate of 16.9% in 3464 patients aged below 24 months
who had LRTI and were not receiving prophylaxis,
and it was observed that RSV peaked in babies aged
between 0 and 3 months and between the months of
January and March (16). Again, the prevalence of RSV
was found as 19.6% in newborns who were hospitalized
because of acute LRTI in a study conducted by the TN'S
TURKNICU-RSV Study Group in 2016 in 44 neonatal
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intensive care units; term babies constituted 68.4% of
these patients and the RSV-related mortality rate was
1.2% (17).

In China, it was found that RSV constituted 18.7% of
LRTI, and RSV infections occurred most commonly in
infants (26.5%) and least commonly in children aged
16 years and below (2.8%) (18). In England, respiratory
tract infections related with RSV led to 450,158 prima-
ry care referrals, 29,160 hospitalizations, and 83 deaths
per infection season (most commonly in the first six
months) in children and adolescents (19). In the same
study, it was found that RSV had a greater share com-
pared with influenza in physician referrals, hospital-
izations, and deaths due to respiratory tract diseases in
children aged under five years.

It is known that RSV infections lead to 48,000-74,500
deaths yearly in children aged below five years and
99% of the deaths related with RSV occur in developing
countries (20). The mortality rate is 2-3% in the neonatal
period, 6-7% between the ages of one month and one
year, and 1.6% between the ages of one and four years.
In developing countries, patients die at younger ages. In
developed countries, the mortality rate is lower, severe
infections occur in high-risk patients, and a higher num-
ber of intensive care unit hospitalizations with longer
length of stay occur because of better opportunities (21).

Clinical findings

The majority of infections in early childhood are limit-
ed to the upper respiratory tract; they lead to findings of
coryza, cough, and hoarse voice. On physical examina-
tion, rhinitis and pharyngitis are seen and prominent
vessels in the conjunctivae and tympanic membranes
accompany frequently. Fever, malaise, and malnutri-
tion are observed together with upper respiratory tract
infection. Infection progresses to the lower respiratory
tract in one third of patients and findings of respiratory
distress including tachypnea, wheezing, nasal flaring,
and jugular/intercostal retractions develop. On auscul-
tation of the lungs, prolonged expirium, rales, inspi-
ratory rhonchi, decreased lung sounds, and excessive
aeration in the lung periphery may be found (22). Most
patients recover in 1-2 weeks. Approximately 20% of in-
fants may present with apnea as the first manifestation
of infection (23). The period between six weeks and six
months is the most critical period.

Pulmonary dysfunction related with RSV may last for
10 years or longer. Chronic wheezing, asthma, and de-
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creased respiratory functions have been found in babies
and in school children with a history of hospitalization
because of RSV (24).

Risk factors

Respiratory syncytial virus infections have a severe
course in high-risk populations. These include individ-
uals with chronic lung disease, cystic fibrosis, congen-
ital heart disease, nerve and muscle system diseases,
primary and secondary immune deficiencies, broncho-
pulmonary dysplasia, preterms and infants aged be-
low six months in the beginning of RSV season. These
patient groups are candidates for immunoprophylaxis
with monoclonal antibodies. However, an important
part of hospitalized patients does not meet immuno-
prophylaxis criteria and most patients are previously
healthy children who do not carry any risk factor except
for young age, which is the strongest risk factor known
(25, 26). Therefore, it is thought that genetic predisposi-
tion of the host, coinfection with other pathogens, viral
phenotype, and viral load affect disease severity (26, 27).

Maternal smoking is an independent risk factor for in-
fection. Low cord blood vitamin D level was found to be
associated with a 6-fold increased risk for LRTI caused
by RSV in the first year (28). It is believed that breast-
milk is the only significant protective factor against
respiratory viruses in developing countries. Exclusive
breastfeeding reduces the number of hospitalizations
related with RSV, the risk of respiratory failure, and the
need for oxygen treatment in infants. It is thought that
this reduction is related with high levels of interferon
(IFN)-gamma, chemotactic cytokines, lactoferrin, and T
cells in breastmilk and breastmilk microbiome (29).

Laboratory findings and diagnosis

Laboratory tests show nonspecific results in the diag-
nosis of RSV infection. Complete blood count is not
specific. A mild increase in C-reactive protein (CRP)
may be found. Lung imaging may reveal increased aer-
ation, flattening of the diaphragm, infiltrations, patch-
type atelectasis, and increased peribronchial shadows.
The National Institute for Health and Care Excellence
(NICE) recommends that the diagnosis of RSV should
be made with a detailed history and physical examina-
tion, and laboratory and radiologic tests should be per-
formed in severe cases of bronchiolitis requiring inten-
sive care follow-up or in cases of atypical bronchiolitis
(30). Radiologic imaging gains special importance in
the differentiation of the other problems included in
the differential diagnosis.
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Viral bronchiolitis is a mild and self-limiting disease
in most infants and tests for RSV and other viruses
are generally not needed. Rapid diagnosis of the virus
should be made for a definite diagnosis, especially in
hospitalized patients, for the discontinuation of empir-
ic antibiotics and for the prevention of nosocomial con-
tamination, isolation, and infection control (31).

Sampling of respiratory tract secretions is made by na-
sal lavage, nasopharyngeal swab, and aspiration, and
examination of throat swab samples. Nasal lavage and
nasopharyngeal aspirate samples are more sensitive in
detecting viruses compared with the other methods.
Bronchoalveolar lavage and tracheal aspirate sampling
may be needed in intubated patients because of severe
LRTT. For the best results, samples should be obtained
3-4 days after symptom onset, carried with wet ice in
the laboratory setting, and kept at 2-8°C in a refregira-
tor, if they are to be studies within 48 hours. If the test
will be delayed, they should be kept at —-80°C (32).

Viral cell culture was defined as the gold standard in
the diagnosis of RSV in the past, but currently, it is not
being used frequently because it yields result in 3-7
days. Rapid cell culture (shell-vial) enables the diagno-
sis in a shorter time (48 hours) compared with classic
cell culture. Serologic examination is not helpful in the
diagnosis because seroconversion occurs in two weeks,
virus-specific antibodies cannot be detected in many
infants with RSV infections, and antibodies transmit-
ted from the mother are also present. The direct fluo-
rescence antibody test is a rapid test that yields results
in 2-3 hours with a sensitivity and specificity of about
95%, but it requires experience. Rapid antigen tests are
used very frequently because they yield results in a very
short time (30 minutes). They have a sensitivity of about
80% in children and a specificity of 97%. In patients
in whom false-negative results are obtained, retest with
more sensitive methods may be needed (33). Reverse
transcriptase polymerase chain reaction (RT-PCR) may
yield results in hours and is the most commonly pre-
ferred method because it has considerably higher sen-
sitivity compared with culture and rapid antigen tests;
however, its high cost, and need for experience and
equipment limits its use (34).

Treatment

The most important parts of treatment in RSV infec-
tions includes close monitoring of the clinical picture,
intravenous fluid, and oxygen treatment. Hastiness in
treatment of symptoms causes unnecessary use of an-
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tibiotics, steroid or inhaled bronchodilator treatment
in the majority of patients. According to the guidelines
published by the American Academy of Pediatrics (APA)
in 2014 and the NICE guidelines, treatment other than
nutritional and oxygen support are not effective in the
treatment of bronchiolitis (30, 35).

Routine use of bronchodilators (beta 2-agonists and
anticholinergics) is not recommended in children with
bronchiolitis. Bronchodilators may be tried if a strong
personal or familial history of atopy is present; wheez-
ing is the most prominent symptom and wheezing or
asthma triggered by virus is considered in the differen-
tial diagnosis. They should be discontinued if a marked
response is not obtained. Routine use of nebulized
adrenaline, systemic or inhaled corticosteroids, leukot-
riene receptor antagonists and Heliox is not recom-
mended (30, 35). It was found that use of leukotriene
receptor antagonists (montelukast) was successful in
persistent wheezing following RSV bronchiolitis (36).
It was shown that treatment with nebulized hypertonic
saline with mucolytic action was effective in the treat-
ment of infants who were hospitalized for longer than
72 hours (37). Hypertonic saline treatment has also
been recommended by the AAP as a treatment meth-
od to be attempted for patients whose hospitalization
period is prolonged rather than as routine treatment
(35). Antibiotics should be used in patients with signs
of secondary bacterial infection (35). It is recommend-
ed that patients with marked respiratory distress, oxy-
gen saturation below 92% at room temperature, severe
nutritional deficiency, clinical dehydration, and apnea
should be hospitalized (30).

Ribavirin is a synthetic nucleoside analogue that has in
vitro action against many DNA and RNA viruses, there-
by reducing viral growth. Although it was approved as
the only licensed drug in 1993 against severe RSV in-
fections, the AAP does not recommend its routine use
because of reasons including necessity of long-term
aerosol application and hospitalization, intoxication po-
tential (bone marrow inhibition, carcinogenicity), tera-
togenic action in pregnancy and high cost (30). It can be
used in immunocompromised patients. Adult clinical
studies for GS-5806 (Presatovir) and AL-008176, which
are the other two RSV inhibitors, are continuing (38).

Respiratory syncytial virus-immunoglobulin (RSV-
IVIG) is a hyperimmune polyclonal immunoglobu-
lin obtained from donors with high RSV neutraliz-
ing antibodies. These neutralizing antibodies inhibit
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the integration of F and G RSV surface glycoproteins
with host cells (39). Its efficiency in neutralizing RSV
is 5-fold higher compared with standard IVIG treat-
ment. It was observed that RSV-IVIG, which was ap-
proved by the Food and Drug Administration (FDA)
in 1996 for the first time, reduced hospitalizations in
high-risk infants (40). However, its use was abandoned
because of factors including necessity for hospitaliza-
tion and long-term infusion, fluid loading because of
high-volume doses, sudden cyanotic adverse effects,
risk of blood-borne pathogen, and necessity to avoid
live-attenuated vaccines for at least nine months after
its use (38).

Prevention and immunoprophylaxis
Standard prevention methods include abiding by hand
hygiene and hand washing, supporting breastfeeding,
specification of risk groups, and appropriate contact
isolation by detecting hospital cases.

The attainment of a better understanding of the struc-
ture of RSV and negative effects of RSV-IVIG treatment
in 1990s accelerated studies on the development of
recombinant monoclonal antibodies against RSV an-
tigens. Palivizumab is a humanized IgGl monoclonal
antibody, which is produced by way of recombinant
DNA technology directed to an epitope in the A anti-
genic part of RSV F protein. It reduces RSV replication
by inhibiting adherence of the virus onto respiratory
epithelial cells (39). It is the only immunoprophylaxis
treatment approved for the prevention of severe LRTIs
caused by RSV in high-risk patients. It is administered
monthly intramuscularly at a dose of 15 mg/kg in five
doses. It is known that this dose maintains the serum
concentration above 40 pg/mL (the dose that provided
a 99% reduction in pulmonary RSV in mouse experi-
ments) in preterm babies and in babies with broncho-
pulmonary dysplasia (41).

Palivizumab reduces the frequency of severe RSV-relat-
ed LRTIs in preterm babies and in children with chron-
ic lung disease or congenital heart disease (42). Again,
the MAKI study conducted in Holland showed that use
of palivizumab provided a 47% reduction in recurrent
wheezing reported by families in moderately preterm
babies (24). In the meta-analysis of three randomized,
controlled studies encompassing 2831 patients, which
compared palivizumab and placebo, it was found that
palivizumab provided a statistically significant reduc-
tion in RSV hospitalizations and a statistically nonsig-
nificant reduction in mortality rates (43).
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According to the guideline of palivizumab prophylaxis in
RSV infections updated in 2014 by the AAP, prophylaxis
was limited with 29 0/7 gestational age in preterm babies
who had no underlying chronic lung disease or congenital
heart disease and 32 0/7 weeks of gestation was consid-
ered the limit for prophylaxis in babies with chronic lung
disease. It was decided to give prophylaxis also in the sec-
ond year to preterm babies with chronic lung disease who
received oxygen treatment for at least 28 days and steroids,
bronchodilator or oxygen from the beginning of the sec-
ond RSV season until 6 months prior. It was concluded
that patients aged below 12 months with hemodynami-
cally significant congenital heart disease should receive
palivizumab prophylaxis, but prophylaxis should not be
continued in the second year in these patients. It was re-
ported that patients who received treatment for congestive
heart disease and who had acyanotic heart disease requir-
ing cardiac surgery and pulmonary hypertension would
benefit markedly from prophylaxis. Unlike the previous
2012 guidelines, it was reported that prophylaxis should be
discontinued in babies who needed to be hospitalized be-
cause of RSV while receiving RSV prophylaxis (44).

The Turkish Neonatal Association also updated their
recommendations for palivizumab prophylaxis with the
guidelines published in 2014. These recommendations
are similar to the recommendations of the AAP and are
shown in Table 1 (45).

Table 1. The Turkish Neonatal Association recommendati-

ons for palivizumab prophylaxis (45)

Chronologic age at the beginning of the RSV season

Status <12 months 12-24
months

Preterm <29 weeks Administer prophylaxis No
Birth weight <1000 g Administer prophylaxis No
CLD** Administer prophylaxis No
CLD treatment in the Administer prophylaxis ~ Administer
last 6 months*** prophylaxis
CHD with Administer prophylaxis No

hemodynamic impairment*

*Congenital heart disease (CHD), pulmonary hypertension, cardiomyopathy creat-
ing hemodynamic problem-requiring treatment

**CLD: chronic lung disease <32 weeks >28days 21% O2 requirement

***Baby with CLD who had received steroid, oxygen, bronchodilator, diuretic
treatment in the last 6 months should receive prophylaxis in the second season
**k*Maintenance doses are not administered during the season in candidates
with RSV infection

**k**Eive doses are completed in babies specified as candidates for prophylaxis
even if age criteria are exceeded during the season

*kxkxkProphylaxis is optional in newborns in the risk group hospitalized in neo-
natal intensive care unit during outbreak

67



68

Perk and Ozdil. RSV infections in children

The patients for which palivizumab prophylaxis is not
recommended by the Turkish Neonatal Association be-
cause of absence of high risk in terms of RSV infection
are as follows:

1) Patients with hemodynamically insignificant heart
disease (Secundum ASD, small VSD, pulmonary ste-
nosis, uncomplicated aortic stenosis, mild coarcta-
tion of the aorta and patent ductus arteriosus).

2) Cases corrected surgically, if treatment for conges-
tive heart disease is not needed.

3) Patients with mild cardiomyopathy not necessitat-
ing medical treatment.

4) After turning one year of age in babies with con-
genital heart disease who received prophylaxis in
the first year of life.

5) In babies who need hospitalization because of RSV
while receiving RSV prophylaxis, prophylaxis is
discontinued because the probability of hospital-
ization due to multiple RSV infections in the same
season is very low (<0.5%) (45).

Motavizumab (Medi-524) was produced as another
monoclonal antibody and is specific for part A of the
RSV F protein like palivizumab. Its neutralizing action
has been investigated in in vitro and animal models
and it was observed that motavizumab had a 70-fold
higher affinity for F protein compared with palivizum-
ab and provided 20-fold greater viral neutralization. An
application for an FDA license for motavizumab was
made in 2008 and the application was rejected in 2010
because it was found to be similar to palivizumab in
terms of safety, efficacy, and tolerability (46, 47).

Vaccination

Currently, an effective vaccine against RSV infection
is not yet available. The development of a vaccine that
could protect infants in particular from RSV infections
is an important public health priority. Vaccination is the
most effective and economic way to provide protective
immunity against RSV. The first formalin-inactivated
candidate RSV vaccine in the 1960s did not provide pro-
tective immunity. On the contrary, it exacerbated natural
RSV infection and led to an excessive Th2 response and
symptoms (48). Subsequently, vaccination studies were
interrupted and then accelerated again in recent years.

Currently, more than 50 vaccine development pro-
grams (live-attenuated, whole-inactive, particle con-
taining, subunit, nucleic acid, gene-based vectors, and
combined with immunoprophylaxis) are continuing in
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different stages. The target population of vaccines in-
cludes babies aged below 6 months, infants aged be-
tween 6 months and 2 years, pregnant women, and the
elderly (49). Vaccination in the late stages of pregnancy
and protection of infants with transplacental antibodies
is also very important because the median age for hos-
pitalization due to RSV bronchiolitis is three months
and the peak age is one month (50).
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