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ABSTRACT

Viral respiratory tract infections are one of the leading causes of morbidity and mortality in pediatric pathology.
The authors provide the latest information on the structure, pathogenesis, clinical features, epidemiology and
response to treatment of newly discovered viruses affecting the respiratory tract in children: bocavirus, meta-
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INTRODUCTION

Viral infections of the lower respiratory tract re-
present an important cause of morbidity and morta-
lity in pediatric pathology. Every year in the pediatric
population, worldwide, are recorded approximately
100 million cases of viral pneumonia, representing
60% of lower respiratory tract infections (LTRI) of
the child. The viruses most frequently involved in
LTRI are respiratory syncytial virus (RSV), rhino-
virus, metapneumovirus (hMPV), bocavirus (HBoV)
and parainfluenzae virus. They can be isolated alo-
ne or they can be diagnosed in viral coinfections.
30% of the children with viral pneumonia have evi-
dence of bacterial infection at the time of diagnosis
(1). In addition to well-known viruses involved in
children’s LTRI, important and highly topical in-
formation appeared in literature about clinical and
epidemiological characteristics of new discovered
viruses that can infect the respiratory tract of chil-
dren: bocavirus, metapneumovirus, coronavirus
and rhinovirus C.

BOCAVIRUS

Bocavirus (HBoV) is a recently described virus,
discovered in 2005 in nasopharyngeal aspirates of
swedish children. The prevalence is about 10%
overall and it is frequently involved in infections of
upper and lower respiratory tract in children, which
may complicate with severe respiratory distress es-
pecially in premature infants. It is one of the most
common respiratory viruses detected under the age
of 5 years with a maximum of frequency between 6
and 24 months. The prevalence in the adult popula-
tion is very low. (2,3)

Viral structure

Bocavirus is part of the Parvoviridae family,
subfamily Parvovirinae, genus Bocavirus. It is a
small, non-enveloped, icosahedrical virus with li-
near, single-stranded DNA genome. The capsid is
composed of two viral proteins VP1 and VP2 and is
very similar to parvovirus B19 (4). There are cur-
rently four bocavirus species described: HBoV1,
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HBoV2, HboV3, HboV4. The first subtype is in-
volved in respiratory tract infections but can be iso-
lated also in faeces, while the last three were isola-
ted mainly from the stool.

Mode of transmission

Bocavirus is a ubiquitous virus whose transmis-
sion mode is similar to parvovirus. It is transmitted
mainly by inhalation of airborne droplets or by
contact with infected secretions. Most studies show
that BOV infection occurs throughout the year,
with peak incidence in winter and spring. (5,6).
Most children are infected by the age of six, antibo-
dies directed against the capsid are formed and be-
cause of the lack of variation in the viral envelope
they provide long-term protection. Adults most
commonly present with antibodies demonstrating
that the infection is more common in childhood (7,8).

Pathogenesis

Bocavirus infection leads to the destruction of
the epithelium of the respiratory system by affec-
ting tight cell junctions, with loss of cilia and
hypertrophy of epithelial cells (9). During the acute
infection DNA HboV,IgM-HboV can be detected in
the serum which is indicative of systemic infection.
Viral infection induces an immune response in-
volving virus-like cytokine secretion by Thl and
Th2. The virus can persist in the body for a long
time, even 4-5 months, most likely through persis-
tent replication and elimination. The prolonged
persistence could explain the high frequency with
which the virus is involved in viral co-infections.
(10,11)

Clinical and laboratory features

HboV was reported to be associated with respi-
ratory infections like: common cold, viral-induced
wheezing, asthma, acute bronchiolitis, pneumonia
or acute otitis media. (12). In order of frequency,
cough, fever, runny nose, wheezing and respiratory
distress were the most common symptoms. Acute
diarrhea, acute conjunctivitis, vomiting and rash
were less frequently encountered. The occurrence
and severity of symptoms has been associated with
high levels of viremia (2,13). Infections with other
viruses cannot be differentiated clinically from bo-
cavirus infection, however it was found that
hypoxia and neutrophilia were encountered more
frequently in HboV infection rather than RSV in-
fection. (12) WBC count was normal, without evi-
dence of inflammation but with the advent of neu-
trophilia. (14) The most common radiological

appearance was of acute interstitial pneumonia
with bilateral linear opacities, hyperinflation and
atelectasis. There where no pathognomonic aspects

(12).

Diagnosis

Most studies have used RT-PCR for diagnosis,
but this determination is limited by the old and per-
sistent infection. Thus, for a positive diagnosis is
required to determine DNA HboV together with the
presence of serum IgM antibodies in serum, or the
dynamic 4-fold increase of IgG antibody titers to-
gether with the presence of symptoms (2). Were
positively associated with certain viral infection:
monoinfection, high viral load and the presence of
viremia. Since in practice, antibodies or viremia
determinations are difficult to perform, we can con-
sider a certain diagnosis for infection a PCR deter-
mination with HboV > 10* genomes/ml.(2)

Treatment

Lower respiratory tract infections with bocavi-
rus are self-limiting and usually uncomplicated, re-
quiring only supportive treatment. Prednisolone
was not effective in a group of children with whe-
ezing and bocavirus infection (15,16).

METAPNEUMOVIRUS (HMPV)

HMPYV was discovered recently, in 2001, by a
team of dutch researchers in a group of children
presenting with acute respiratory disease, from
simple common cold to acute bronchiolitis and se-
vere pneumonia. Studies in the literature suggest
that HMPV has been involved in respiratory tract
infections for more than 50 years. HMPYV infection
prevalence varies between 4-16% of patients with
respiratory tract infection (17,18).

Viral structure

HMPYV is part of the paramyxoviridae family,
Pneumovirinae subfamily, genus Metapneumovi-
rus and can be found in two main forms: HMPV
type A and type B. HMPYV structure is very similar
to RSV, which is also a member of the Pneumoviri-
nae subfamily. HMPV is an enveloped virus, pleo-
morphic, with varying sizes and a RNA genome,
related to avian MPV. Comparing HMPV genome
to that of RSV was found that the structural pro-
teins NS1 and NS2 are missing in the MPV, ex-
plaining the different types of immune responses
encountered during the infection (18,19).
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Mode of transmission

The mode of transmission is most often by inha-
lation of air droplets or by contact with infected se-
cretions. Incubation is short, 3-5 days (20). Noso-
comial infections have been reported. The virus is
ubiquitous, but the variation is seasonal, with peak
incidence in late winter and early spring in the
northern hemisphere and late spring in the southern
hemisphere. (21) It infects mostly children, most of
whom are infected by the age of five, the peak inci-
dence is 2 years old, reinfection can occur in adult-
hood due to obtaining an inadequate antibody titer
after the first infection or by reinfection with a dif-
ferent genotype (22). HMPV infection can occur at
any age, but it is more severe in young children and
infants, and premature infants, those with chronic
lung or heart disease and neuromuscular diseases,
as well as those who have acquired the infection in
the hospital setting. HMPV is common in viral
coinfection, some studies suggesting that the asso-
ciation especially with RSV increases the severity
of the respiratory disease. (18)

Pathogenesis

Betal integrin alpha-v facilitates penetration of
respiratory epithelial cells (23). Infection leads to
hypersecretion of mucus, hyperplasia of the epithe-
lium and bronchial hyperreactivity. The bronchial
hyperreactivity was proven by methacholine chal-
lenge test and emphasizes the idea that severe viral
infections ofchildhood may be associated with sub-
sequent development of asthma. (24)

Clinical and laboratory features

High viral load correlated with the presence of
symptoms and disease severity in some studies
(25). RSV coinfection influences disease severity
in children under 2 years. (24)

The most common signs and symptoms found
were cough, runny nose, fever and wheezing. The
most frequent diagnoses encountered were acute
bronchiolitis, viral croup, exacerbation of asthma,
and pneumonia. (26)

In the initial stages of infection monocytosis
with mild/moderate increases of C-reactive protein
(CRP) were observed. In evolution, along with im-
provement of symptoms the WBC count normal-
ized but with the maintenence of slightly increased
CRP (18).

Diagnosis

RT-PCR is the most sensitive method for deter-
mining the hMPV. Imunofluorescent methods by

DFA techniques (direct fluorescent antibody) allow
detection of the antigen in nasopharyngeal aspi-
rates in 2-3 hours, but this technique is only avail-
able in specialized laboratories. ELISA serological
tests that can detect the presence of antibodies
against N protein can be used also for diagnosis
(24)

Treatment

Treatment is mainly supportive, but ribavirin
was effective in vitro against hMPYV, reducing viral
replication in infected mice. It has been used suc-
cessfully together with non-specific immunoglobu-
lins in a case of severe infection in a child treated
with chemotherapy for Burkitt lymphoma (27)
(28). Monoclonal antibodies, fusion inhibitors and
siRNA (interfering RNA molecules) have shown
promising effects in experimental studies (18).

Prevention

HMPYV infection does not induce lasting immu-
nity. The main problem encountered in designing a
vaccine has been the difficulty in obtaining a strong
and lasting immune response. There are currently
ongoing phase 1 study to determine the efficacy
and safety of a live attenuated vaccine against in-
fection with HMPV (29). There are promising stud-
ies on laboratory animals showing efficiency of the
monoclonal antibodies against HMPV when ad-
ministered both before infection and after 48 hours
from the installation of symptoms. (30,31)

CORONAVIRUSES

Coronaviruses are frequently involved in respi-
ratory tract infections in adults but with an impor-
tant role also in severe lower respiratory tract infec-
tions of the child. Members of the Nidovirus family
they are divided into two major types: alpha coro-
navirus represented by HCOV229E, HCOVNLG63
and beta coronavirus represented by HcoV- HKV1,
HcoV-OC43 and MERS-COV and SARS-COV
(32). HCoV are enveloped viruses with RNA ge-
nome that are very hard to grow on cultures. The
first discovered strains in 1960 were 229E and
0C43, in 2002 SARS was discovered and rapid af-
ter that the NL63 and HKU1 ubiquitous serotypes
were described (33).

Mode of transmission

Transmission occurs most frequently by inhla-
tion of air droplets but can happen also after contact
with infected secretions. Serotype immunity is ob-



REvisTA ROMANA DE PEDIATRIE — VoLumuL LXIV, NRr. 1, AN 2015 21

tained after infection, but reinfection is possible.
(34) (35)

Clinical features

The most common symptoms encountered dur-
ing CoV infection were rhinorrhea, cough and
wheezing. For subtypes 229E, OC43, NL63 and
HKUT1 the most common clinical picture is similar
to rhinovirus infection (36). In particular
HCOVNLG63 was associated with viral croup and
HCoV 0OC43 and HKV1 were isolated in infants
with diarrhea and respiratory symptoms. HCOV
can also be found in asymptomatic children (35).
Coronaviruses have been isolated frequently in otic
secretion of children with acute otitis media and
have been implicated in severe exacerbations of
asthma (36,37). Coronaviruses can cause severe
nosocomial infections. (38,39). Recent studies de-
scribed a possible association of HCoV infections
with multiple sclerosis and Kawasaki disease. (33)

Diagnosis

The diagnosis of infection is made by detection
of the virus by RT-PCR in nasopharyngeal aspirate
but can also be made with imunofluorescent tech-
niques. Etiologic diagnosis is especially important
for SARS epidemics, isolation of positive cases be-
ing very important in limiting the spread of the in-
fection in the population. (33)

Treatment

Treatment is mainly supportive. In vitro studies
show promising effects of chloroquine on corona-
viruses but clinical trials are needed to confirm the
results. There is no coronavirus vaccine approved
for the infection. (33,40).

RHINOVIRUS C

Rhinoviruses are the viruses most frequently in-
volved in acute respiratory infections in adults and
children, the child being the main reservoir of in-
fection. 30-50% of upper respiratory tract infec-
tions are caused by rhinovirus. (41). Rhinovirus
belongs to the Picornaviridae family. Three main
rhinovirus species are known: HRV-A, HRV-B
HRV-C with more than 100 serotypes. Rhinovirus
C was discovered last, in 2007 and is a ubiquitous
virus with similar effects compared to species A
and B but was described to be more commonly in-
volved in severe asthma exacerbations and compli-
cated bronchiolitis of infants and children (42). It
presents with different genome compared to spe-

cies A and B, is difficult to grow on cell cultures
and the attachment receptor is different from
ICAM1 but still unknown. Pleconaril, an antiviral
that was effective against the species A, had no ef-
fect on HRV-C (41,43).

Mode of transmission

HRV-C is found throughout the year but with
peak incidence in autumn and winter, recent studies
show that it is the rhinovirus most commonly en-
countered, accounting for about half of rhinovirus
infections. The mode of transmission is most com-
monly by self inoculating infected secretions into
the nose and conjunctiva. (44,45,46,47).

Clinical features

Like HRV-A and HRV-B, rhinovirus C is in-
volved most frequently in upper respiratory tract
infections in adults and in children and is described
as etiologic agent in acute otitis and sinusitis in
children. About half of the child’s asthma exacer-
bations are caused by viral infection and rhinovirus
is involved in 50% of them. In particular Rhinovi-
rus C is involved in severe exacerbations of asthma,
severe bronchiolitis and in cases of recurrent
wheezing more frequently than the other two spe-
cies, and recent studies associates it as the caus-
ative agent in newborn and infant apnea (Appar-
ently Life — Threatening Events) (48,49,50,51).
HRV-C can cause extrarespiratory infections being
isolated from plasma and pericardial fluid of a 14
months child with severe pneumonia and pericardi-
tis (52). Although in the past HRV were considered
to be viruses involved only in mild and self-limit-
ing infections with minimal impact on the health of
the individual, with the discovery of HRV-C studies
demonstrate that their role is even more important
than RSV in lower respiratory tract infections of
children in need of hospitalization and in triggering
severe exacerbations of asthma and recurrent
wheezing in children. (49,53,54)

Treatment

Treatment is mainly supportive, pleconaril the
antiviral used for HRV A infection is not effective
on HRV-C infection. (41)

CONCLUSIONS

Lower respiratory tract infections are one of the
leading causes of infant mortality worldwide. New
data continues to appear on newly discovered vi-
ruses that are promising and help us understand the
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genetic diversity, mechanisms of action and the
way of defense and response of the human body
during the infection. The knowledge of viral pro-
files help us to diagnose fast, accurate and treat cor-
rectly the respiratory tract infections of the chil-
dren.
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