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Abstract
Lower respiratory tract infections in children are often viral in origin. 
Unfortunately in this time of significant antimicrobial resistance of infectious 
organisms, especially bacteria, there is still a tendency for clinicians to manage a 
child who coughs with antibiotics. In addition, the World Health Organization 
(WHO) has defined “pneumonia” as a condition that only occurs in children who 
have “fast breathing or chest wall indrawing”. That would delineate upper respi-
ratory tract infections from those in the lower airway. However, in addition to 
pneumonia another important entity exists in the lower respiratory tract that is 
almost always viral in origin. This condition is acute viral bronchiolitis. The 
concept of “acute lower respiratory tract infection” (ALRTI) has emerged and it 
is becoming increasing evident from a number of studies that the infectious base 
of both acute pneumonia (AP) and acute bronchiolitis in children has a mixed 
etiology of microorganisms. Therefore, whilst certain clinical phenotypes do not 
require antibiotics the actual microbial etiology is much less distinct.
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2.1  Introduction

Lower respiratory tract infections in children are often viral in origin. Unfortunately 
in this time of significant antimicrobial resistance of infectious organisms, especially 
bacteria, there is still a tendency for clinicians to manage a child who coughs with 
antibiotics. In addition, the World Health Organization (WHO) has defined “pneumo-
nia” as a condition that only occurs in children who have “fast breathing or chest wall 
indrawing” [1]. That would delineate upper respiratory tract infections from those in 
the lower airway. However, in addition to pneumonia another important entity exists 
in the lower respiratory tract that is almost always viral in origin. This condition is 
acute viral bronchiolitis. The concept of “acute lower respiratory tract infection” 
(ALRTI) has emerged and it is becoming increasing evident from a number of studies 
that the infectious base of both acute pneumonia (AP) and acute bronchiolitis in chil-
dren has a mixed etiology of microorganisms. Therefore, whilst certain clinical phe-
notypes do not require antibiotics the actual microbial etiology is much less distinct.

Both pneumonia and acute viral bronchiolitis are major cause of health care uti-
lization and hospitalization in higher socio-economic regions of the world and 
pneumonia is the leading cause of death in children, under 5 years of age, in devel-
oping countries [2–5]. The HIV epidemic has contributed enormously to more 
severe AP and thus increased the mortality [3, 5]. ALRTI accounts for between 30 
and 40% of hospital admissions, with associated case fatality rates of between 15 
and 28% in developing countries but death is less common in the developed world 
[5, 6]. Despite the provision of effective and affordable vaccines and antibiotics that 
have reduced pneumonia mortality from four million in 1981 [7] to just over one 
million in 2013 [8], pneumonia still accounts for nearly one-fifth of childhood 
deaths worldwide. Risk factors for AP are reflected in Table 2.1.

2.2  Definitions

AP is usually community acquired, although children in hospital and in long-term 
health and social facilities are at risk of hospital acquired infections. Community 
acquired pneumonia (CAP) can be defined as an acute infection (of less than 14 

Table 2.1 Risk factors for acute 
pneumonia in children

Young children

Prematurity

Malnutrition

Immunosuppression (including HIV)

Poor social/environmental circumstances (including 
household crowding)

Passive tobacco smoke exposure

Indoor fuel exposure

Inadequate vaccine administration

Winter season
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days’ duration), acquired in the community, of the lower respiratory tract leading to 
cough or difficult breathing, tachypnoea or chest-wall in-drawing [9]. For the pur-
poses of this chapter AP will be assumed to be community acquired.

Bronchiolitis is a viral-induced lower respiratory tract infection (LRTI) that 
occurs predominantly in children <2 years of age, particularly infants [10].

2.3  Etiology of ALRTI in Children

AP is caused mostly by viruses and bacteria. Not only is it clinically impossible to 
distinguish viral from bacterial pneumonia, new evidence suggests that most cases 
of AP in children have a mixture of micro-organisms in the airway and that both 
bacteria and viruses occur in combination [11]. In addition, finding an organism on 
the common tests employed (of airway secretions) does not prove that organism is 
causing the LRTI. In addition, the problem is compounded by the fact that many 
healthy children harbor both viruses and bacteria in their airways [11]. These find-
ings suggest that the management of a LRTI in children requires choosing therapies 
based on clinical findings rather than on special investigations. The possible causes 
of pneumonia in children are listed in Table 2.2.

Bacteria are the important organisms causing pneumonia-related death [1, 3, 4]. 
Streptococcus pneumoniae is the commonest cause of bacterial pneumonia, but 
with the introduction of vaccination against pneumococcus around the world, this 
cause of pneumonia is becoming less common. Other bacteria that remain a cause 

Table 2.2 Common causes of AP 
in infants and children

Viruses

  Respiratory syncytial virus

  Human metapneumovirus

  Parainfluenza virus types 1 and 3

  Adenovirus

  Influenza A and B

  Rhinovirus

  Other viruses - measles, boca and corona virus

Bacteria

  Streptococcus pneumoniae

  Haemophilus influenzae

  Staphylococcus aureus

  Mycobacterium tuberculosis

  Moraxella catarrhalis

  Bordetella pertussis

  Mycobacterium tuberculosis

Atypical bacteria

  Mycoplasma pneumoniae

  Chlamydia trachomatis

  Chlamydophila pneumoniae

2 Viral Lower Respiratory Tract Infections
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of pneumonia include Staphyloccocus aureus and Haemophilus influenzae, both 
type b (Hib) and non-typeable disease. The routine immunization of children against 
Hib has decreased the incidence of pneumonia due to this bacterium, although non- 
typeable strains are still responsible for a significant proportion of pneumonia.

In addition pathogens vary by age and neonates and children younger than 2 
months of age Gram-negative bacteria, Group B streptococcus, S. aureus, and  
C. trachomitis, are important causes. Atypical bacteria are said to be more common 
in children older than 5 years of age, but may occur at any age.

Mycobacterium tuberculosis (TB) has been recognized as an important cause of 
AP in both HIV-infected and HIV-uninfected children [12]. In Uganda 20% of 270 
children with severe AP had clinically suspicious TB and 10% had a culture con-
firmed diagnosis [13].

Respiratory syncytial virus (RSV) is the commonest cause of viral AP, especially 
in the first year of life. RSV causes significant mortality and morbidity, especially in 
children born prematurely and who have other risk factors (Table 2.5). HIV- infected 
children with RSV are more likely to develop pneumonia rather than bronchiolitis 
compared with HIV-uninfected children. Other important respiratory viruses 
include human metapneumovirus, parainfluenza virus types 1 and 3, adenovirus, 
influenza A and B, rhinovirus, bocavirus, coronavirus and measles virus.

The most frequent cause of bronchiolitis is human rhinovirus (RV) and of severe 
bronchiolitis, respiratory syncytial virus (RSV) infection, with other respiratory 
viruses (para-influenza virus (PIV), influenza virus, human metapneumovirus 
(hMPV), measles virus, bocavirus and coronavirus) being less common.

RSV is an RNA virus. The two major RSV subgroups are A (RSV-A) and B 
(RSV-B), which are further characterized into several genotypes, based on antigenic 
and genetic variability of the G-protein. A number of genotypes can produce disease 
at the same time in a single season, and genotypes often vary from year to year.

Human RV is a Picornavirus, a small RNA virus of which there are 100 serotypes. 
The major group (90% of serotypes) use ICAM-1 as the cellular receptor, the minor 
groups use, amongst others, the LDL receptor. RV replicates in the nose and LRT.

Influenza and parainfluenza (1–4) are also RNA viruses. PIV 1 and 2 (Respirovirus 
genus) produce URTI’s and laryngo-tracheo-bronchitis in children 2–5 years of age. 
PIV 3 (Rubulavirus genus) is responsible for bronchiolitis in infants. PIV 4 rarely 
causes disease. Human coronavirus produces 15% of the common colds and ocas-
sional bronchiolitis. HMPV is a common cause of bronchiolitis.

Adenovirus is a large naked DNA virus, which inhibits the expression of host 
messenger RNA, inducing excessive production of adenoviral proteins. It is respon-
sible for prolonged replication and thus severe disease.

2.4  Epidemiology of ALRTI

Epidemiological studies on pneumonia and bronchiolitis often include all children 
presenting with a clinical diagnosis of LRTI, and may overestimate the true inci-
dence of each entity (AP or bronchiolitis) alone. In one study of LRTI, in South 
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Africa (SA), the respiratory viruses were detected in 78% of cases. The viruses that 
were isolated included RV in 37%, RSV in 26%, adenovirus in 26%, influenza virus 
in 7% and hMPV in 5% [14]. In 2009 and 2010, this surveillance study evaluated 
respiratory viruses by a 10-plex real-time reverse-transcription polymerase chain 
reaction (rRTPCR) [15]. Respiratory viral co-infections were common and 17.4% 
of cases had more than two viral coinfections [15].

A number of studies have found that RV is identified in children with bronchiol-
itis; however, this virus is also commonly identified in healthy children without 
symptoms and this makes it difficult to definitively link RV to etiology of bronchi-
olitis. Early studies have suggested that oxygen saturation is generally not as low in 
children with RV-associated bronchiolitis as in those with RSV-associated bronchi-
olitis [16]. However, more recent studies suggest that RV may be more sinister [17]. 
All three types of RV have been identified in LRTI, although RV-A and RV-C are 
more common than RV-B. RV is associated with symptomatic respiratory illness; 
however, there is no association between RV type and disease severity [18]. RV-D 
has subsequently been identified [19].

RSV is the most common cause of moderate to severe bronchiolitis and a leading 
cause of ALRTI among young children. RSV-associated bronchiolitis occurs most 
frequently in infancy, being 2–3 times more likely to occur then, than in older chil-
dren. Within RSV disease, genotypes differ in different studies [20] and these dif-
ferences could be related to the extent of community immunity to the specific 
genotype, with more severe disease observed in the presence of lower community 
immunity to that strain.

Infection with RSV does not result in permanent or long-term immunity, as re- 
infections, usually of lesser severity, are common and may be experienced through-
out life [21]. An estimated 33.8 million new episodes of RSV-associated acute 
lower respiratory tract infection (ALRTI) occurred worldwide in 2005 in children 
under-5 (22% of episodes), with at least 3.4 million episodes necessitating hospital 
admission. An estimated 66,000–199,000 children under-5 died from RSV- 
associated ALRTI in 2005, with 99% of these deaths occurring in developing coun-
tries [22]. In SA, for example, the prevalence of RSV among 4293 LRTI 
hospitalizations in under-5 children was 27%, including 863 of 1157 (75%) less 
than 12 months of age, of whom 637 (74%) were less than 6 months old. Nine of 
1153 children with RSV-associated ALRTI died (case fatality proportion 1%). 
Children admitted with RSV-associated ALRTI were younger than those who tested 
RSV negative [23].

RSV-associated severe ALRTI occurs in all children from both developing and 
developed countries roughly to the same extent. However, the case fatality rate is 
higher in developing areas (2.1% vs. 0.3–0.7%) [22]. The case fatality rate for indi-
vidual risk factors for RSV-associated disease among children with chronic lung 
disease, congenital heart defects (CHDs), nosocomial infection, intensive care unit 
admission and prematurity is significantly higher [24, 25]. HIV is associated with a 
two to three fold greater risk of RSV pneumonia, but seemingly not bronchiolitis 
[11]. In addition mortality is higher in HIV-infected children (12% vs. 2% in HIV- 
uninfected children) [23].

2 Viral Lower Respiratory Tract Infections
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2.4.1  Bacterial-Viral Interactions

Bronchiolitis is a disease caused by respiratory viral infections, with little evidence 
of bacterial coinfection [26]. There may however, be important viral-bacterial co- 
infections [27]. Bacterial infections may complicate cases of respiratory viral infec-
tions but these children usually present with the more classic signs of AP, including 
alveolar consolidation on chest radiographs, raised C-reactive protein (≥40 mg/dL), 
temperature ≥ 38 degrees centigrade (°C) (100.4 oF), chest crackles and bronchial 
breathing on chest auscultation. The role of bacterial co-infections in children with 
a respiratory virus-associated pneumonia is frequently under emphasized owing to 
limited tools for diagnosing bacterial pneumonia, with blood culture sensitivity 
ranging from 3 to 18% for detecting pneumococcal pneumonia [28]. However, epi-
demiological studies have identified a strong temporal association between some 
respiratory viruses and invasive pneumococcal disease. Included among these are 
studies on the temporal association of the influenza virus and RSV epidemics and 
invasive pneumococcal disease [29]. Further evidence for this association was 
observed in an randomized controlled trial of an investigational 9-valent pneumo-
coccal conjugate vaccine (PCV), in which children vaccinated with PCV had a 32% 
lower risk of being hospitalized for a viral-associated pneumonia compared with 
placebo recipients [30]. This lower risk of respiratory virus-associated hospitaliza-
tion was evident for influenza virus, hMPV and RSV-associated pneumonia [31]. 
The biological rationale for the reduction in respiratory virus-associated pneumonia 
among the PCV-vaccinated children in this study, was attributed to vaccination hav-
ing prevented the superimposed vaccine-serotype pneumococcal co-infection, 
which would have led to progression to more severe disease, culminating in hospi-
talization among the placebo recipients. Notably, there was no reduction in hospi-
talization for bronchiolitis among the PCV9 vaccinated children, corroborating that 
pneumococcal co-infection was unlikely to have played a role in the pathogenesis 
of bronchiolitis.

The pathogenesis of increased susceptibility to pneumococcal infection follow-
ing RSV infection in mice-model studies has been attributed to RSV G glycoprotein- 
binding penicillin-binding protein 1a increasing pneumococcal virulence owing to 
up-regulation of virulence genes, pneumococcal toxin and pneumolysin. This could 
lead to an increase in the inflammatory response and bacterial adherence to human 
ciliated epithelial cultures [32, 33]. This again is corroborated by studies in children 
with alveolar pneumonia associated with RSV or RV infection, among whom higher 
pneumococcal bacterial load was observed in the nasopharynx than in children with 
RSV or RV in the absence of alveolar consolidation [34].

Evidence from an epidemiological study in the USA, revealed that RSV AP and 
pneumococcal pneumonia tended to occur together over similar time periods, with 
RSV associated with a significant increase in the incidence of pneumococcal pneu-
monia in children less than 1 year of age (attributable percent 20.3%) and among 
children aged 1–2 years (attributable percent 10.1%). Similarly, influenza was asso-
ciated with an increase in pneumococcal pneumonia among children aged 1–2 
years. After the introduction of PCV7 into the USA there was an observed decline 
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in RSV-coded hospitalizations for children <1 year old (attributable percent −18.0% 
for 2004/2005–2008/2009 vs. 1997/1998–1999/2000) [35]. Although the above 
mentioned data support an interaction between RSV and pneumococcal superim-
posed infections, these specifically refer to children who are hospitalized with RSV- 
associated pneumonia and not to those with bronchiolitis or milder outpatient 
RSV-associated illness. As such, empiric antibiotic treatment against pneumococ-
cus with RSV-associated pneumonia is only warranted in a child who is hospitalized 
and whose clinical syndrome is more in keeping with AP rather than uncomplicated 
bronchiolitis.

There are a number of factors that create circumstances in which RSV and sub-
sequent infection, occur. These include geographical locations (latitude and alti-
tude) and climatic factors (temperature, barometric pressure, relative humidity, 
vapor tension, hours of light, precipitation, dewpoint). In most temperate regions, 
such as the USA and Europe, RSV outbreaks last an average of 3–4 months, with a 
peak incidence during winter, although the exact timing of onset of the outbreak is 
uncertain. In tropical regions, RSV outbreaks are not distinctly related to season, 
but often occur during the hottest rainy season [36].

RSV disease is not distinctly seasonal in HIV-infected children and often occurs 
throughout the year because the virus is shed over a longer period (up to 100 days 
post infection) compared with 5–7 days in HIV-uninfected children [37]. Although 
HIV-infected children with RSV-associated ALRTI are at increased risk of hospital-
ization and death, this could be due to greater susceptibility to co-infections. The 
increased risk of RSV-associated ALRTI hospitalization in HIV-infected children is 
greatest during infancy, but remains high even into toddlers [23].

2.5  Pathophysiology of Disease

Immunologically children at risk of bronchiolitis often have an abnormal inflamma-
tory response to infection [38]. Conflicting results from different studies of children 
with bronchiolitis make definitive conclusion about which cellular regulation and 
cytokines are at play. One study has documented that nasopharyngeal cytokines 
interleukin (IL)-6, IL-1B and IL-8 are more significantly elevated in more severe 
RSV-related disease [39], whilst another study revealed that the T helper (Th) 17 
related cytokines IL-1B, IL-17A and IL-23 were associated with a reduction in 
clinical symptoms [40]. Certainly it seems likely that an uncontrolled or abnormal 
host response to viruses determines clinical outcome. It is also likely that the inflam-
matory cellular response influences disease severity, with for example, formation of 
neutrophil extra-cellular traps (NETs) in abundance in more severe disease that 
occlude small airways [41]. Whilst the role of vitamin D in disease association has 
been demonstrated for a host of acute and chronic inflammatory conditions at least 
one study suggest that vitamin D insufficiency is not characteristic of more severe 
bronchiolitis [42].

The viral infection starts in the upper respiratory tract and spreads to the lower 
tract within a few days, resulting in inflammation of the bronchiolar epithelium and 
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edema of the submucosa and adventitia [43]. Plugs of sloughed, necrotic epithe-
lium, fibrin and excessive mucus secretions add to airway obstruction, causing par-
tial or total obstruction to airflow [44]. A “ball-valve” mechanism can result in 
trapping of air distal to obstructed areas, with subsequent absorption, atelectasis, 
and a mismatch of pulmonary ventilation and perfusion that may lead to hypox-
emia. Smooth-muscle constriction does not contribute significantly to airway 
obstruction. Although these mechanisms are known for RSV bronchiolitis, it is 
assumed that other viruses produce similar pathological conditions. In AP the 
pathology is centered on the alveolus with neutrophil driven inflammation.

2.6  Diagnosis of an ALRTI

The diagnosis of a LRTI should be considered in any child who has an acute onset 
of respiratory symptoms, particularly cough, fast breathing or difficulty breathing. 
Diagnosis includes clinical evaluation, radiographic evaluation and etiological 
investigations to distinguish between pneumonia and bronchiolitis; decide on man-
agement based on the severity; and determine the causative organism where possi-
ble and necessary (hospitalized children).

2.7  Clinical Diagnosis of ALRTI

A history and clinical examination are the basis for diagnosing AP and evaluating 
the severity of illness. The physical examination should include assessment of the 
child’s general appearance, measurement of the respiratory rate, evaluation of the 
use of accessory muscles and assessment of oxygenation. Auscultation of the chest 
is an important step.

The principal symptoms of pneumonia are cough, dyspnea or tachypnea (fast 
breathing). For diagnosis of pneumonia and assessment of the severity of respira-
tory illness simple clinical signs (respiratory rate and lower chest-wall indrawing) 
are recommended. WHO guidelines [1] recommend the following:

• That pneumonia be diagnosed when a child older than 2 months has a cough or 
difficult breathing with tachypnea defined as: (1) more than 50 breaths per min-
ute (bpm) for infants 2–12 months of age; and (2) greater than 40 bpm for chil-
dren 1–5 years of age.

• That severe/very severe pneumonia be diagnosed when a child has lower chest 
wall retractions or a general danger sign (Fig. 2.1). The presence of wheezing 
and clinical chest hyperinflation, without bronchial breathing, on auscultation is 
suggestive of bronchiolitis as the cause of the lower respiratory tract illness [10].

The presentation of AP can range from mild to severe life threatening illness. It 
is essential to ensure children with severe disease are hospitalized (Table 2.3) and 
children with less severe AP are managed as outpatients. Assessment of the general 
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appearance of the child is helpful in determining the severity of illness. The WHO 
guidelines [1] define specific “danger signs” that indicate severe disease requiring 
referral to hospital including inability to drink, convulsions, abnormal sleepiness, or 
persistent vomiting. All children with pneumonia under the age of 2 months require 
admission to hospital (Table 2.3).

Assessment of oxygenation is important in the evaluation of a child with pneu-
monia and pulse oximetry should be performed on all children seen at a hospital. To 
ensure an accurate reading, a pediatric wrap around probe should be used. Children 

Comparison of previous and revised classification and
treatment of childhood pneumonia at health facility

Cough and cold:
no pneumonia Cough and cold:

no pneumonia

Fast breathing:
pneumonia Fast breathing

and/or chest
indrawing:
pneumonia

Home care
advice Home care

advice

Child age
2–59 months
with cough
and/or
difficult
breathing

Oral cotri-
moxazole
and home
care advice

Oral
amoxicillin
and home
care advice

First dose
antibiotic
and referral
to facility
for injectable
antibiotic/
supportive
therapy

First dose
antibiotic
and referral
to facility
for injectable
antibiotic/
supportive
therapy

Availability
of new

evidence

Chest
indrawing:
severe
pneumonia

General danger
signs:† severe
pneumonia
or very severe
disease

General danger
signs:† severe
pneumonia
or very severe
disease

Child
age 2–59
months
with cough
and/or
difficult
breathing

Previous classification
and treatment of childhood

pneumonia

Revised classification
and treatment for childhood
pneumonia at health facility

Fig. 2.1 WHO recommendation for management of acute pneumonia. Reprinted with permission 
from [1]

Table 2.3 Indications for admission to 
hospital for a child with AP

All children younger than 2 months

Children older than 2 months with:

  Impaired level of consciousness

  Inability to drink or eat

  Cyanosis

  Stridor in calm child

  Grunting

  Severe chest-wall indrawing

  Room air SaO2 ≤ 92% at sea level or <90% 
at higher altitudes

  Severe malnutrition

  Family unable to provide appropriate care

  Failure to respond to ambulatory care or 
clinical deterioration on treatment

2 Viral Lower Respiratory Tract Infections



36

with a saturation of less than 92% at sea level or less than 90% at higher altitudes 
should be considered for hospital admission and supplemental oxygen [9].

Clinically AP presents in a similar way in HIV-infected and HIV-uninfected chil-
dren [45]. However, pneumonia resulting from opportunistic pathogens should also 
be considered in HIV-infected children. Of these, Pneumocystis jiroveci and cyto-
megalovirus (CMV) are the most common and serious infection among infants, 
occurring commonly at 6 weeks–4 months of age. These infections are frequently 
the initial presenting feature of AIDS in HIV-infected children not taking co- 
trimoxazole prophylaxis [46, 47]. Clinical features include cough, dyspnea and 
relatively few crackles on chest auscultation. Hypoxia is prominent and often 
severe. These infants often require ventilator support for the severity of pneumonia 
and multiple antibiotic strategies [46].

Bronchiolitis may be diagnosed on the basis of clinical signs and symptoms. In 
a young child, the diagnosis can be made on the clinical pattern of wheezing and 
hyperinflation. Bronchiolitis follows an upper respiratory tract infection with low- 
grade fever and cough and 1–2 days later the infant develops fast breathing, hyper-
inflation and wheeze as a consequence of lower airway inflammation and air 
trapping [10]. The illness is generally self limiting, but may progressively become 
more severe and include signs such as grunting, nasal flaring and hypoxemia [21]. 
The most reliable clinical feature of bronchiolitis is hyperinflation of the chest, evi-
dent by loss of cardiac dullness on percussion, an upper border of the liver pushed 
down to below the 6th intercostal space, and the presence of a Hoover sign (subcos-
tal recession, which occurs when a flattened diaphragm pulls laterally against the 
lower chest wall) (Fig. 2.2).

Measurement of peripheral arterial oxygen saturation is important to indicate the 
need for oxygen therapy. As with AP, hypoxia indicates that the child requires 
 hospital admission for oxygen therapy.

Typical subcostal
recession
(Hoovers Sign)
in a child with
bronchiolitis

Fig. 2.2 A child with clinical hyerinflation of the chest and a “Hoovers Sign”

R.J. Green et al.
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2.8  Radiological Diagnosis of ALRTI

A chest radiograph (CXR) may be useful for confirming the presence of pneumo-
nia and detecting complications such as a lung abscess or empyema. CXRs are not 
useful for distinguishing between viral and bacterial etiologies [48]. Studies have 
demonstrated that a CXR does not result in improved outcome or change of treat-
ment in an ambulatory setting [49]. The cost, radiation exposure, need for infra-
structure, staffing and wide observer variation in interpretation all suggest that 
routine use of CXRs is not required. There is also no evidence that a routine lateral 
CXR improves the diagnostic yield in children with AP, except if tuberculosis (TB) 
is suspected [50].

Definite indications for a CXR include:

• Clinical pneumonia not responding to initial antibiotic therapy
• Unusual clinical presentation or resolution
• When TB is suspected
• Suspected foreign body aspiration
• Hospitalized children to detect complications.

CXRs may also be considered in children presenting with high fever, leukocyto-
sis and no obvious focus of infections, since roughly a quarter of pyrexial children 
without obvious clinical source may have pneumonia [51].

The interpretation of CXR changes is even more difficult in HIV-infected children as 
chronic radiological lung changes are common, especially with increasing age [52].

CXRs are generally unhelpful when bronchiolitis is the clinical diagnosis in a 
child and not required if the clinical diagnosis is obvious. Risk of pneumonia is low 
in children with saturation greater than 92% and with only mild respiratory distress 
[53]. Pneumonia is more likely with associated fever [54].

CXRs in bronchiolitis show signs of hyperinflation (Fig. 2.3). The additional 
features of airway inflammation (peribronchial thickening or sub-segmental 

Fig. 2.3 CXR 
demonstrating marked 
hyperinflation in acute 
bronchiolitis

2 Viral Lower Respiratory Tract Infections
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atelectasis) are often misinterpreted as pneumonia. A CXR should only be per-
formed in the following instances [53–55]:

• If complications are suspected, e.g. pleural effusion or pneumothorax
• Severe cases
• Temperature ≥ 38 °C (100.4 oF)
• Uncertain diagnosis
• If the child fails to improve or if their condition deteriorates.

A new modality that is emerging as a diagnostic tool for AP is clinical lung ultra-
sound and especially point-of-care lung ultrasonograpy (POCLUS). In one study 
this form of testing revealed a sensitivity of 87.1% and specificity of 94.8% against 
CXR interpretation of experienced radiologists [56]. The value of this modality is 
the lack of ionizing radiation exposure and potential use even in developing nations.

2.9  Investigations for ALRTI

The clinical and radiographic features of AP cannot reliably determine the etiology 
of pneumonia. However, additional tests to help identify a causative agent should be 
sought in hospitalized children as identification of a pathogen may allow for more 
directed therapy, provide important epidemiological data and allow for the imple-
mentation of infection control measures to reduce the risk of nosocomial transmis-
sion of specific pathogens (Table 2.4). However, identifying a specific etiological 
agent is difficult and may not be possible in most children. Diagnostic testing should 
not lead to delay in initiation of therapy as this may adversely affect outcome. 
Empirical treatment should be commenced based on the most likely pathogen and 
modified according to microbiological results. The following points should be con-
sidered when investigating the etiology:

• General tests of infection including acute phase reactants (erythrocyte sedimentation 
rate (ESR), C-reactive protein (CRP)), white cell count (WBC), neutrophil count and 
procalcitonin will not differentiate between bacterial and viral pneumonia [57–59]

• Blood culture may be useful to identify bacterial pathogens and their antimicro-
bial sensitivity, but only about 5% of blood cultures are positive in HIV- uninfected 
children with bacterial CAP. The sensitivity of blood cultures is greater in HIV- 
infected children, in whom approximately 18% of cultures are positive [28]

Table 2.4 Investigations in children 
hospitalized for acute pneumonia

Pulse oximetry/arterial blood gas

Chest radiograph

Blood culture (recognizing the limited value)

Induced sputum for TB testing (where appropriate)

Tuberculin skin testing (where appropriate)

NPA for viral detection

Aspiration of pleural fluid
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• Pleural fluid, if present, should be aspirated and sent for culture and sensitivity 
testing

• Specimens for culture from the lower respiratory tract can be obtained using 
sputum induction [60], endotracheal aspiration in intubated children and bron-
choalveolar lavage (BAL). The isolation of bacteria from these samples (either 
on culture or using new PCR techniques) may, however, represent contamination 
with bacteria that normally colonize the nasopharynx

• Tuberculin skin testing (Mantoux method) and induced sputum or gastric lavage 
are indicated when TB is suspected [61].

Blood tests are not needed routinely for children with definitive clinically diag-
nosed bronchiolitis. Risk factors in patients with severe bronchiolitis that require 
hospitalization and may even cause death, include prematurity, congenital heart dis-
ease and congenital lung malformations.

Hematological testing (including complete blood counts and C-reactive protein) 
does not provide additional information in managing bronchiolitis [14, 62]. If the 
infant appears severely ill, consider alternative diagnoses (bacterial co-infection and 
other causes of airway obstruction). Clinical signs of concern include pallor, leth-
argy, severe tachycardia, high temperature, hypotonia or seizures. In cases of seri-
ous sepsis investigations may include a CXR, blood culture, and urinary and 
cerebrospinal fluid analysis [17].

Nasopharyngeal aspirates (NPAs) are not usually taken and viral testing does not 
assist in the management of bronchiolitis. However, NPAs may be helpful for pur-
poses of disease surveillance, and also in the following cases [17, 43]:

• Neonates
• Where apnea is a prominent feature
• Isolation of patients.

The correct procedure for a NPA should be followed in order to achieve best 
results. NPAs should be placed in viral transport medium at 4–8 °C (39.2–46.4 °F) 
and transported to an appropriate laboratory within 72 hours of collection. Specimens 
should be tested by multiplex real-time reverse-transcription polymerase chain 
reaction (rRT-PCR) assay for respiratory viruses. Comparative studies have shown 
that rRT-PCR assays are more sensitive than viral culture and immunofluorescence 
assays [63]. Multiplex PCR testing has been documented to allow testing for a num-
ber of viruses in one assay and is thus more cost-effective [63].

2.10  Severe and Chronic Disease

In infants certain factors predispose to more serious lower respiratory tract illnesses, 
bronchiolitis and pneumonia. Infants less than 1 year of age are at greatest risk of 
bronchiolitis, and more severe when additional risk factors are present (Table 2.5) 
[64–69]. Debate about the importance of RSV infection as a cause of hospitalization 
in late preterm infants has raged because of the cost of prophylactic therapy. Recent 
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reports have suggested that these infants are at equal risk and require prophylaxis 
[70, 71]. Studies have revealed that the mean duration of symptoms following bron-
chiolitis was 12 days. After 21 and 28 days, 18% and 9%, respectively, were still ill. 
Many infants require additional follow-up visits to a doctor [72].

Many studies have concluded that the respiratory viruses, especially RSV and 
RV, may predispose to recurrent wheezing in early life and possibly asthma [73–
76]. There is now increasing evidence that the asthma phenotype expression is 
strongly influenced by respiratory viral infection. Whilst allergy may contribute to 
asthma initiation, viruses and recurrent viral infections are now understood to be 
equally important. The effect on asthma, however, is strongest when both factors 
(allergy and infection) operate in synergy [77]. New evidence suggests that suscep-
tibility to recurrent viral infections, failure to generate protective immune tolerance 
to aero-allergens, and the interaction of these factors with airway inflammation may 
result from innate immune defects of respiratory epithelial (including mucosal den-
dritic) cells [77–80]. The resultant viral interaction with airway cells produces up- 
regulation of high-affinity IgE receptors on myeloid precursor cells, amplifying 
local airway inflammation. The genetic profile and polymorphisms of these associa-
tions are now being discovered [81]. Toll-like receptor 1 single nucleotide polymor-
phisms (TLR1 SNPs) has been associated with both atopy and multiple viral 
presence in host airways [81].

2.11  Differential Diagnosis of Viral LRTI

The differential diagnosis of acute and chronic respiratory symptoms is a long one, 
however, some of the conditions listed in Table 2.6 should be considered.

2.12  Management of ALRTI

AP is always treated with an antibiotic, even though many are viral, or mixed 
infection, in etiology [9]. The actual antibiotic/s used depend on the local micro-
bial epidemiology drug resistance patterns, confounding factors such as comorbid 
disease and availability of antibiotics in the region. In most regions of the world 
the common causative organisms are sensitive to amoxicillin, and hence most 

Table 2.5 Risk factors for more severe 
bronchiolitis

Age under 1 year

Male sex

Day care attendance

Prematurity

Congenital heart disease

Chronic lung disease

Immunodeficiency

Household smoker
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studies and local guidelines recommend amoxicillin as the antibiotic of choice 
[82–84]. In addition the dosing recommendation is now 40 mg/kg/dose twice 
daily (80  mg/kg/day) for three to 5 days [1]. Three days of therapy is recom-
mended for AP without chest in-drawing and 5 days for AP with chest in-
drawing [1]. It must be noted that the etiology of pneumonia in children differs 
with age. Children younger than 2 months of age are more likely to harbor a 
Gram-negative infection and they usually require Gram-negative cover with an 
aminoglycoside or a cephalosporin. It is always claimed that children older than 5 
years of age are more likely to have pneumonia caused by Mycoplasma pneu-
moniae and Chlamydophila pneumoniae, and may therefore require a macrolide 
[85, 86]. it is also true that such infections may occur at any age and any child who 
does not respond to first line antibiotics or who has an atypical presentation should 
be considered for a macrolide [85].

HIV-infected children, with more severe pneumonia or who are malnourished 
should have the possibility of a Gram-negative organism covered with appropriate 
antibiotics [87, 88]. In addition in HIV-infected young infants PCP should be con-
sidered and co-trimoxazole added [1].

When S. aureus is suspected, cloxacillin is the drug of choice. This should be 
considered if there is clinical evidence of skin lesions and abscesses and radiologi-
cal evidence of pneumatocele, empyema or abscess formation or if the child remains 
pyrexial 48 hours after starting amoxicillin. In HIV-infected children, approxi-
mately 60% of community acquired S. aureus may be resistant to cloxacillin and 
require treatment with vancomycin [89].

World-wide there is an increase in the incidence of S. pneumoniae resistance to 
the beta-lactam antibiotics, as well as other classes of antibiotics [1, 84]. However, 
the benefits of amoxicillin when used in the treatment of pneumonia still makes it 
the preferred antibiotic [1, 84]. In children with pneumonia, the increasing resis-
tance of pneumococcus to penicillin can be overcome by giving a higher dose of 
amoxicillin. The use of high-dose amoxicillin (40–45 mg/kg/dose twice a day) is 
advocated. Antibiotic recommendations are summarized in Table 2.7.

Intravenous and intramuscular administration of antibiotics is traumatic to chil-
dren, expensive and does not improve outcome in uncomplicated pneumonia. Oral 
amoxicillin has similar efficacy to parenteral penicillin in treatment of severe 

Table 2.6 Differential 
diagnosis of LRTI

Acute symptoms

  Bronchopneumonia or bronchiolitis—other etiology

  Pertussis

  Foreign body

  Myocarditis

Recurrent wheeze or cough

  Cystic fibrosis

  Cardiac disease

  Gastro-esophageal reflux

  HIV/tuberculosis
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pneumonia [84]. Parenteral administration should only be given to those children 
who are severely ill and those with gastrointestinal disturbances (vomiting and diar-
rhea) in whom absorption may be problematic.

It is generally recommended that 3–5 days of therapy is sufficient for uncompli-
cated pneumonia. A Pakistan study of HIV-uninfected children with uncomplicated 
pneumonia reported that the clinical efficacy of 3 days of oral amoxicillin was similar 
to 5 days for outpatient therapy [90]. Children with S. aureus pneumonia should be 
treated for 14–21 days and children infected with M. pneumoniae or C. pneumoniae 
require erythromycin for 10 days or a newer macrolides such as azithromycin for 
3–5 days.

In addition to antibiotics, supportive management is essential for children 
with AP.

Hypoxemia must be accurately assessed with a pulse oximeter. Oxygen therapy 
should be used to treat hypoxia. When pulse oximetry is available oxygen therapy 
should be administered when transcutaneous saturation is less than 90–92% in 
room air. When pulse oximetry is not available, oxygen should be administered 
when there is central cyanosis, lower chest indrawing, grunting, restlessness, 
inability to drink or feed or respiratory rate more than 70 breaths per minute [9]. 
Nasal prongs are recommended for most children who require oxygen. Humidified 
low-flow oxygen (0.5–3.0 L/min) applied by nasal prongs is effective for hypoxic 
children. Nasal prongs give a maximum inspired oxygen of 28–35% except in 
small infants, when higher oxygen concentrations may be obtained. Oxygen 
should be weaned when the child improves clinically and as hypoxia resolves. 
Oxygen should be stopped when the transcutaneous saturation is above 90% in 
room air.

A fever is a useful response of the host in immunological response to infection 
and does not necessarily require antipyretics [91]. However, pain associated with 
pneumonia may be due to pleurisy or to pathology involving the upper airways. Pain 
or discomfort should be treated as it may severely compromise respiratory function 
and adequate clearance of secretions. The most appropriate agent is paracetamol at 

Table 2.7 Empirical antimicrobial therapy for pediatric pneumonia [1]

0–2 months of age – Recommend admission to hospital

– Ampicillin/penicillin + gentamicin/aminoglycoside iv

3 months–5 years – Oral amoxicillin po high dose for ambulant children

– Ampicillin/penicillin iv + aminoglycoside iv for hospitalized children

– Add: cloxacillin if suspect Staphylococcus aureus

Older than 5 years – Amoxicillin po high dose or

–  Macrolide po (erythromycin/clarithromycin/azithromycin) if suspect 
Mycoplasma pneumoniae or Chlamydophila spp.

–  Ampicillin or 3rd generation cephalosporin (Cefuroxime, 
Cefotaxime, Ceftriaxone) iv for hospitalized children

– Add: cloxacillin if suspect Staphylococcus aureus

po oral, iv intravenous
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a dose of 15 mg/kg/dose given four to six hourly. Aspirin is contraindicated in most 
children because of the association with Reye’s syndrome.

Children with uncomplicated pneumonia should receive normal maintenance 
fluids and usually orally. Appropriate rehydration is required in children who are 
dehydrated.

Children with pneumonia should be encouraged to feed orally and breastfeeding 
is best in infants, unless they are:

• Too distressed to drink or swallow safely
• Having frequent severe coughing episodes that may be associated with vomiting 

and possible aspiration of gastric contents
• Dehydrated or shocked.

If children are too distressed to take fluid and feeds orally, continuous enteral 
feeds via a nasogastric tube may be provided. Ensuring adequate caloric intake is 
essential as there is an excessive demand on the energy reserves in children with 
pneumonia, in whom the work of breathing is increased. Children in hospital or 
pediatric intensive care units (PICU) should not be starved for more than 24 hours.

Intravenous fluids must be used with great care and only if there is adequate 
monitoring available.

Vitamin A should be given to children with measles to prevent pneumonia [92, 
93]. For measles, 200,000 IU vitamin A given daily for 2 days substantially reduced 
overall and pneumonia-specific mortality [92]. There is no evidence that vitamin A 
improves outcome in non-measles pneumonia [93].

In children with AP, and especially who are malnourished, adjuvant treatment 
with 20 mg zinc per day until discharge was found to accelerate recovery from 
severe pneumonia, reducing the duration of hypoxia [94–96].

A very small proportion of children will require ventilator support for severe 
ALRTIs. Indications for ventilator support include children who cannot maintain 
normal oxygen saturations on nasal prong oxygen who are in respiratory failure or 
who are tiring from excessive work of breathing.

There are a number of therapies that have no proven benefit in the management 
of children with AP:

• Chest physiotherapy
• Mucolytic agents
• Postural drainage
• Nebulized bronchodilators or saline
• Oral or inhaled corticosteroids.

Because acute bronchiolitis is viral in etiology, most therapies used for other 
forms of airway inflammation, such as asthma, have no proven value [97]. There 
is currently no proven effective therapy, other than oxygen, for hypoxic children 
[98, 99].
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Rapid, short-acting inhaled or nebulized bronchodilator therapy such as alb-
uterol or salbutamol has not been documented to be of benefit in the treatment of 
bronchiolitis [100]. A Cochrane review of 30 trials, including all severities of dis-
ease, reported no change in any end points, from nebulized bronchodilators [100]. 
In addition, bronchodilators cause adverse events in infants and therefore, bron-
chodilators should not be recommended for the routine treatment of bronchiolitis. 
Adrenalin too, has not been documented to provide clinical benefit. A Cochrane 
review suggested a short-term benefit from adrenaline, especially in the first 24 
hours of the illness [101], however, no differences were found for length of hospi-
tal stay. There was some evidence that adrenaline combined with steroids was 
effective for reducing the number of hospital admissions [101]. However, despite 
some benefit, most guidelines state that “there is currently insufficient evidence to 
support the use of adrenalin for the treatment of bronchiolitis among children 
admitted to hospital”. Inhaled ipratropium bromide has also not been shown to be 
effective [102].

There is inconsistent data regarding the efficacy of hypertonic saline nebuliza-
tion (3 or 5%) in the treatment of acute bronchiolitis. A 2013 Cochrane review 
reported a reduction in duration of hospital stay and improvement in clinical scores 
in children who were inpatients, but no short-term effects in children in four trials 
conducted in an emergency unit setting [103]. However, recently the largest reported 
randomized controlled study of nebulized hypertonic saline in acute bronchiolitis in 
hypoxic children, found no difference in outcomes between children who received 
hypertonic saline compared with those who received standard care [104]. Other 
recently published randomized trials have also added to the evidence against the use 
of hypertonic saline in bronchiolitis, showing no difference in length of hospital 
stay, clinical scores or improvement in oxygenation compared with children receiv-
ing normal saline nebulization or salbutamol [105–108]. Because current evidence 
does not demonstrate important benefits with the use of hypertonic saline, it is 
therefore not be recommended.

Systemic or inhaled corticosteroids have been shown not to be effective in reduc-
ing hospital admission or improving clinical scores in ambulatory patients [97, 
109]. However, among inpatients, corticosteroids improved clinical scores within 
the first 12 hours, but did not have any effect on length of stay. Therefore, cortico-
steroids should not be routinely recommended [109].

Five randomized controlled trials have shown no evidence of benefit for inhaled 
corticosteroids started in the acute phase of bronchiolitis for prevention of post- 
bronchiolitic wheezing [110]. Routine use of systemic or inhaled steroids in the 
management of bronchiolitis is therefore not indicated.

Montelukast is not effective in the management of bronchiolitis. A study of mon-
telukast (4 mg daily until discharge) found that it demonstrated no improvement in 
the clinical course of the disease [111]. In a study of post-bronchiolitis wheeze, 
montelukast did not improve respiratory symptoms of post-RSV bronchiolitis in 
children [112]. In addition, aerosolized ribavirin has been reported not to have any 
significant consistent beneficial effect in the management of bronchiolitis [97, 113]. 
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Chest physiotherapy (using vibration and percussion techniques) does not 
 contribute to resolution or reduction in severity of disease in infants with acute 
bronchiolitis [114].

In acute bronchiolitis antibiotics are seldom required. A Cochrane review of anti-
biotics compared with placebo for bronchiolitis, including two studies of azithro-
mycin compared with placebo, found no difference in duration of illness [115]. 
Antibiotics should therefore not be used routinely in bronchiolitis, except in chil-
dren with severe disease in whom bacterial lower respiratory tract infection is 
 suspected [116].

An example of am algorithm to manage acute viral bronchiolitis is provided in 
Fig. 2.4 [117].

START

Not guideline-eligible.
Treat emergently

yes

yes

yes

yes

Period of observation

Stable
and/or

improving

yes

Admit:

Toxic or
in severe

respiratory
distress?

Meets
eligibility
criteria?

Meets
admit

criteria?

Meets D/C
criteria?

Not guideline eligible.
Treat as appropriate to
condition and diagnosis

no

no

no

no

Suction

If high risk for aspiration or inadequate
feeding, consider: NG feeds or
IV isotonic fluids
Suctioning of nares before feeding and
if necessary
Medications not currently
recommended in routine cases
Monitoring: Frequent clinical assessment
of respiratory status; Saturation
monitoring by ‘spot checking’ when
improving condition

Assess hydration/Respiratory status

D/C with parent education
Careful F/U plans

Discharge when D/C criteria are met

Start O2 if SaO2 consistently <90%

no

Immunodeficiencies
Significant cardiorespiratory disease
Severe comorbidities

Inclusion: age <2 years of age
Exclusions:

History, physical and respiratory
assessment 

Fig. 2.4 Canadian acute viral bronchiolitis management algorithm. Source: Adapted with permis-
sion from [117]
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2.13  Prevention of Childhood ALRTI’s

Attention to adequate nutrition and growth monitoring should be encouraged as 
malnutrition frequently predisposes children to pneumonia. Breastfeeding has been 
documented to decrease the risk of pneumonia in young children by up to 32% 
[118]. Breastfeeding should be encouraged for the first 6 months of life.

HIV-infected or malnourished children should receive micronutrient supplemen-
tation (Vitamin A and zinc) [119, 120], as part of routine care.

Exposure to passive environmental tobacco smoke, indoor cooking fumes and 
smoke should be avoided.

Vaccines should be considered the most effective form of prevention of AP and 
every child should receive primary and booster immunizations to BCG, diphtheria- 
pertussis- tetanus (DPT), Hib conjugate vaccines, pneumococcal conjugate vaccines 
and measles. Pneumococcal vaccination is specifically relevant, reducing pneumo-
coccal pneumonia by up to 80%, even with the 7-valent vaccine [121]. Additional 
vaccines may be available in some regions of the world.

Influenza vaccine may be considered appropriate for all children, however, most 
guidelines advocate mandatory vaccines for children with chronic diseases (pulmo-
nary, cardiovascular or immunosuppressive) and those on long-term aspirin therapy. 
Children should be vaccinated annually, with influenza vaccine, before the start of 
the influenza season. Evidence suggests that influenza vaccination is safe in HIV- 
infected children, especially those with restored CD4 counts on therapy.

Co-trimoxazole prophylaxis for Pneumocystis jiroveci is indicated for HIV- 
infected infants as per local guidelines (see Vol. 1, Chap. 5).

All children under 5 years of age exposed to a household TB contact should be 
given INH prophylaxis (10 mg/kg) daily for 6 months once active TB disease has 
been excluded. HIV-infected children exposed to a household contact should be 
given prophylaxis for 6 months irrespective of their age. Prophylaxis should also be 
given to HIV-infected tuberculin skin test-positive children even in the absence of a 
known household contact.

The use of HAART to reconstitute immunity is very effective for decreasing the 
incidence of pneumonia and opportunistic infections in HIV-infected children (see 
Vol. 1, Chap. 4).

2.14  Prevention of RSV Disease in High-Risk Children

A specific RSV monoclonal antibody, palivizumab, is available for children at risk 
of severe ALRTI. RSV-associated risk of hospitalization is 5.2/1000 cases [122]. 
However, hospitalization becomes more likely with prematurity. Hospitalization for 
RSV-related disease is more common in young infants and infants with chronic lung 
disease [122].

Palivizumab has been effective in reducing RSV-related hospitalization and epe-
cially more severe disease resulting in the need for PICU admission among prema-
ture infants and those with chronic lung disease [123]. Meta-analysis has confirmed 
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this across all populations of preterm infants [124]. Palivizumab is also effective in 
reducing duration of hospitalization and severity of disease in infants with congeni-
tal heart defects [125]. In most countries of the world health regulators and man-
aged health care organisations have restricted the use of palivizumab to high risk 
groups because of the cost of the product [126].

For the prevention of RSV-associated ALRTI, most guidelines for the use of 
palivizumab recommend that it should be restricted for use in the first 6 months of 
life in high risk children, defined as premature infants [123, 124]. Furthermore, 
infants with chronic lung disease of prematurity or those with congenital heart 
defects with significant haemodynamic instability (complex lesions with pulmonary 
hypertension) should be covered during the first 24 months of life and during the 
RSV season. RSV prophylaxis may be considered in children with profound immu-
nocompromise or pulmonary neuromuscular disease. The value of palivizumab is 
uncertain in children with Down syndrome, cystic fibrosis, recurrent wheeze and in 
nosocomial outbreaks. Some national bronchiolitis guidelines advocate the use of 
Palivizumab against a set of scored points to adjudicate risk [126], whist some con-
troversially recommend Palivizumab prophylaxis only in very young premature 
infants [21].

Palivizumab treatment should commence before start of the RSV season in 
infants identified to be most at risk. The standard dose of 15 mg/kg is given monthly 
and in most guidelines advocated for 5 months of use. Where the premature infant 
is still in the hospital environment at the time of dosing requirement, Palivizumab 
should be iniated there.

2.15  New RSV Vaccines and Maternal Vaccination

RSV was first identified in 1956 as causing human LRTI. Since the 1960s many 
efforts have been made to develop an effective and safe vaccine. One of the first 
attempts (a formalin-inactivated vaccine) led to significant mortality and further 
research efforts were put on hold for many years. In the early 1980s alternative vac-
cine candidates were explored. However, attempts at attenuation of the RS virus, 
resulted in vaccine candidates that were either too reactogenic or inadequately 
effective.

The F-protein on the surface of RSV was utilized as a target to develop palivi-
zumab, a humanized monoclonal antibody that has been shown—since the mid- 
1990s—to prevent RSV lower respiratory tract infection in young children with 
underlying risk factors. This monoclonal antibody, however, requires monthly intra-
muscular injections for 4–5 months of the year and is substantially costly. For these 
reasons it is currently advocated only for premature infants and those with chronic 
conditions who are at substantive risk. The majority of children, in whom disease is 
common and severe, are thus not protected.

In the last few years a number of advances have been made. This includes the 
successful development of a re-engineered F-protein monoclonal antibody that has 
an extended half-life, which would allow for a single dose to provide protection 
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against RSV illness for the duration of the RSV season (4–5 months). There are a 
number of other candidate vaccines in development [127]. These include live atten-
uated RSV vaccines, vector-based vaccines, F-protein-based subunit vaccines, 
including the use of nanoparticle technology or targeting the prefusion epitopes of 
the F-protein [128, 129].

Since RSV disease begins in very early life the ultimate value of vaccination may 
lie in targeting pregnant mothers. Accordingly, the first studies of the nanoparticle 
RSV F-protein vaccine candidate in pregnant women were recently completed, and 
a multicenter safety and efficacy trial is currently underway in pregnant women. 
Other vaccines, also targeted at the F-protein, are in development.

Vaccine targets for RSV are critical for all children. This includes affordable vac-
cines in developing countries.

2.16  Parent and Caregiver Education

As doctors it behoves us a clinicians to ensure that parents of sick children are 
knowledgeable about the condition, its symptoms, management and expected out-
come. This is critical for children who are not admitted to hospital, and for those 
who leave hospital. The important messages that should be conveyed are listed in 
Table 2.8.

2.17  Severe Respiratory Syndromes

2.17.1  Severe Acute Respiratory Syndrome (SARS)

SARS is a more severe respiratory tract infection caused by infection with the 
SARS-associated coronavirus. During 2003 there was a global outbreak with sig-
nificant mortality, however, children were less affected and the disease, in children, 
was significantly milder [130]. Fever is a prominent feature of the condition and 
60% of children had a cough. All had clinical and radiographic features of pneumo-
nia. No deaths were reported among children with SARS, and at 6 months after ill-
ness only mild residual changes were reported in exercise tolerance and pulmonary 
function [130].

Table 2.8 Key elements of an educational message for parents of children with ALRTI

The condition may start as an upper respiratory tract infection with low-grade fever

Symptoms are cough and fast breathing and/or wheeze

When a child has fast breathing, additional medical help should be sought

Bronchiolitis is caused by a virus; antibiotics are not needed

Bronchiolitis is usually self-limiting, although symptoms may occur for up to 4 weeks in some 
children

AP requires antibiotic treatment but the dose and duration are important
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2.17.2  Middle East Respiratory Syndrome (MERS)

MERS is a similar severe acute respiratory tract condition caused by a MERS coro-
navirus. There have been very few pediatric cases reported, most from the Kingdom 
of Saudi Arabia [131]. Once again the condition is less severe in children.

2.17.3  Hantavirus Pulmonary Syndrome (HPS)

HPS is a severe respiratory illness transmitted by rodents. The highest number of 
cases are reported in central and south America and in the southwestern USA [132, 
133]. The overall case-fatality rate was 35%, however this was mostly in adults [132].

Most persons had chest radiographs showing unexplained bilateral infiltrates 
(often labeled as interstitial pneumonia) and required supplemental oxygen. Fever, 
thrombocytopenia and renal dysfunction are common [132].

2.17.4  Enterovirus D68 (EV-D68) Acute Respiratory Illness

In 2014 there were reports of respiratory infections caused by EV-D68 in the 
USA. Most individuals affected were children [134]. Many children were hospital-
ized with severe lower respiratory symptoms and asthma. Investigators noted an 
association between EV-D68 infection, polio-like acute flaccid paralysis, and cra-
nial neuropathy in children [135].

2.17.5  Avian Influenza

Avian influenza viruses A (H5N1) is significantly more common in children than A 
(H7N9) [136]. Lower severity and greater transmission is found in the H7N9 child-
hood cases than in the H5N1 childhood cases [136]. Respiratory disease is an invari-
able finding.

2.18 Other Respiratory Virus Associations

New evidence is emerging that respiratory viruses may play an important role in 
hospital-acquired infections, including in the PICU. They often cause pneumo-
nia or even sepsis-like clinical disease. Nosocomial transmission of viruses is an 
important source of such infections. Viruses play an important role in severe 
infections in transplant recipients and here CMV is an important organism. 
Finally, viruses are now being understood to cause important acute exacerba-
tions of chronic illnesses, including cystic fibrosis and other chronic lung 
diseases.

2 Viral Lower Respiratory Tract Infections



50

References

 1. World Health Organization. Revised WHO classification and treatment of childhood pneu-
monia at health facilities. World Health Organization. 2014. http://apps.who.int/iris/bitstr
eam/10665/137319/1/9789241507813_eng.pdf.

 2. Wardlaw T, You D, Newby H, Anthony D, Chopra M. Child survival: a message of hope but 
a call for renewed commitment in UNICEF report. Reprod Health. 2013;10:64.

 3. Guerrera G. Neonatal and pediatric healthcare worldwide: a report from UNICEF. Clin Chim 
Acta. 2015;451(Pt A):4–8.

 4. Liu L, Oza S, Hogan D, et al. Global, regional, and national causes of child mortality in 2000- 
13, with projections to inform post-2015 priorities: an updated systematic analysis. Lancet. 
2015;385(9966):430–40.

 5. Mulholland K. Magnitude of the problem of childhood pneumonia. Lancet. 1999;534: 
590–2.

 6. Zwi KJ, Pettifor JM, Soderlund N. Paediatric hospital admissions at a South African urban 
regional hospital: the impact of HIV, 1992–1997. Ann Trop Paediatr. 1999;19:135–42.

 7. Leowski J. Mortality from acute respiratory infections in children under 5 years of age: 
global estimates. World Health Stat Q. 1986;39:138–44.

 8. Levels and Trends in Child Mortality: Report 2014. United Nations Inter Agency Group for 
Child Mortality Estimation. UNICEF, WHO, The World Bank, United Nations Population 
Division, New York; 2014.

 9. Zar HJ, Jeena P, Argent A, et al. Diagnosis and management of community-acquired pneu-
monia in childhood–South African Thoracic Society Guidelines. S Afr Med J. 2005;95(12 Pt 
2):977–81.

 10. Wohl MEB. Bronchiolitis. In: Chernick V, Boat TF, Wilmot RW, Bush A, editors. Kendig’s 
disorders of the respiratory tract in children. Philadelphia: Saunders; 2006. p. 423–32.

 11. Annamalay AA, Abbbott S, Sikazwe C, et al. Respiratory viruses in young South African 
children with acute lower respiratory infections and interactions with HIV. J Clin Virol. 
2016;81:58–63.

 12. Bates M, Mudenda V, Mwaba P, Zumla A. Deaths due to respiratory tract infections in Africa: 
a review of autopsy studies. Curr Opin Pulm Med. 2013;19:229–37.

 13. Nantongo JM, Wobudeya E, Mupere E, et al. High incidence of pulmonary tuberculosis in 
children admitted with severe pneumonia in Uganda. BMC Pediatr. 2013;13:16.

 14. Cohen C, Walaza S, Moyes J, et al. Epidemiology of viral-associated acute lower respiratory 
tract infection among children <5 years of age in a high HIV prevalence setting, South Africa, 
2009–2012. Pediatr Infect Dis J. 2015;34:66–72.

 15. Pretorius MA, Madhi SA, Cohen C, et al. Respiratory viral coinfections identified by a 
10-plex real-time reverse-transcription polymerase chain reaction assay in patients hospital-
ized with severe acute respiratory illness—South Africa, 2009–2010. J Infect Dis. 2012; 
206(S1):S159–65.

 16. Matti K, Kotaniemi-Syrjänen A, Waris M, Vainionpää R, Reijonen TM. Rhinovirus- 
associated wheezing in infancy: comparison with respiratory syncytial virus bronchiolitis. 
Pediatr Infect Dis J. 2004;23:995–9.

 17. Morrow BM, Feldman C, Green RJ. Acute viral bronchiolitis in South Africa: intensive care 
management for severe disease. S Afr Med J. 2016;106(5):446–8.

 18. Pretorius MA, Tempia S, Treurnicht FK, et al. Genetic diversity and molecular epidemiology 
of human rhinoviruses in South Africa. Influenza Other Respir Viruses. 2014;8(5):567–73.

 19. Palmenberg AC, Spiro D, Kuzmickas R, et al. Sequencing and analyses of all known human 
rhinovirus genomes reveal structure and evolution. Science. 2009;324(5923):55–9.

 20. Pretorius MA, van Niekerk S, Tempia S, et al. Replacement and positive evolution of subtype 
A and B respiratory syncytial virus G-protein genotypes from 1997–2012 in South Africa. 
J Infect Dis. 2013;208(S3):S227–37.

 21. American Academy of Pediatrics, Subcommittee on Diagnosis and Management of 
Bronchiolitis. Diagnosis and Management of Bronchiolitis. Pediatrics. 2006;118(4):1774–93.

R.J. Green et al.

http://apps.who.int/iris/bitstream/10665/137319/1/9789241507813_eng.pdf
http://apps.who.int/iris/bitstream/10665/137319/1/9789241507813_eng.pdf


51

 22. Nair H, Nokes DJ, Gessner BD, Dherani M, Madhi SA, Singleton RJ. Global burden of acute 
lower respiratory infections due to respiratory syncytial virus in young children: a systematic 
review and meta-analysis. Lancet. 2010;375:1545–55.

 23. Moyes J, Cohen C, Pretorius M, et al. Epidemiology of respiratory syncytial virus-associated 
acute lower respiratory tract infection hospitalizations among HIV-infected and HIV- 
uninfected South African children, 2010–2011. J Infect Dis. 2013;208(S3):S217–26.

 24. Welliver Sr RC, Checchia PA, Bauman JH, Fernandes AW, Mahadevia PJ, Hall CB. Fatality 
rates in published reports of RSV hospitalizations among high-risk and otherwise healthy 
children. Curr Med Res Opin. 2010;26(9):2175–81.

 25. Altman CA, Englund JA, Demmler G, et al. Respiratory syncytial virus in patients with con-
genital heart disease: a contemporary look at epidemiology and success of preoperative 
screening. Pediatr Cardiol. 2000;21(5):433–8.

 26. Hall CB, Powell KR, Schnabel KC, Gala CL, Pincus PH. Risk of secondary bacterial infec-
tion in infants hospitalized with respiratory syncytial viral infection. J Pediatr. 1988;113(2): 
266–71.

 27. Moore DP, Dagan R, Madhi SA. Respiratory viral and pneumococcal coinfection of the respi-
ratory tract: implications of pneumococcal vaccination. Expert Rev Respir Med. 2012; 
6(4):451–65.

 28. Madhi SA, Kuwanda L, Cutland C, Klugman KP. The impact of a 9-valent pneumococcal 
conjugate vaccine on the public health burden of pneumonia in HIV-infected and-uninfected 
children. Clin Infect Dis. 2005;40(10):1511–8.

 29. Talbot TR, Poehling KA, Hartert TV, et al. Seasonality of invasive pneumococcal disease: 
temporal relation to documented influenza and respiratory syncytial viral circulation. Am 
J Med. 2005;118(3):285–91.

 30. Madhi SA, Klugman KP. A role for Streptococcus pneumoniae in virus-associated pneumo-
nia. Nat Med. 2004;10(8):811–3.

 31. Madhi SA, Ludewick H, Kuwanda L, et al. Pneumococcal coinfection with human metapneu-
movirus. J Infect Dis. 2006;193(9):1236–43.

 32. Smith CM, Sandrini S, Datta S, et al. Respiratory syncytial virus increases the virulence of 
Streptococcus pneumoniae by binding to penicillin binding protein 1a. A new paradigm in 
respiratory infection. Am J Respir Crit Care Med. 2014;190(2):196–207.

 33. Hament JM, Aerts PC, Fleer A, et al. Enhanced adherence of Streptococcus pneumoniae to 
human epithelial cells infected with respiratory syncytial virus. Pediatr Res. 2004; 
55(6):972–8.

 34. Esposito S, Marchese A, Tozzi AE, et al. DNA bacterial load in children with bacteremic 
pneumococcal community-acquired pneumonia. Eur J Clin Microbiol Infect Dis. 2013; 
32(7):877–81.

 35. Weinberger DM, Klugman KP, Steiner CA, Simonsen L, Viboud C. Association between 
respiratory syncytial virus activity and pneumococcal disease in infants: a time series analysis 
of US hospitalization data. PLoS Med. 2015;12(1):e1001776.

 36. Green RJ, Zar HJ, Jeena PM, et al. South African guideline for the diagnosis, management 
and prevention of acute viral bronchiolitis in children. S Afr Med J. 2010;100(5):320–5.

 37. King JC, Burke AR, Clemens JD, et al. Respiratory syncytial virus illnesses in human immu-
nodeficiency virus-and non-infected children. Pediatr Infect Dis J. 1993;12:733–9.

 38. Arruvito L, Raiden S, Geffner J. Host response to respiratory syncytial virus infection. Curr 
Opin Infect Dis. 2015;28:259–66.

 39. Christiaansen AE, Syed MA, Ten Eyck PP, et al. Altered Treg and cytokine responses in 
RSV-infected infants. Pediatr Res. 2016;80(5):702–9. [Epub ahead of print]

 40. Diaz PV, Valdivia G, Gaggero AA, et al. Pro-inflammatory cytokines in nasophyarngeal aspi-
rate from hospitalized children with respiratory syncytial virus infection with or without rhi-
novirus bronchiolitis, and use of the cytokines as predictors of illness severity. Medicine. 
2015;94:e1512.

 41. Cortjens B, de Boer OJ, de Jong R, et al. Neutrophil extracellular traps cause airway obstruc-
tion during respiratory syncytial virus disease. J Pathol. 2016;238:401–11.

2 Viral Lower Respiratory Tract Infections



52

 42. Beigelman A, Castro M, Shweiger TL, et al. Vitamin D levels are unrelated to the severity of 
respiratory syncytial virus bronchiolitis among hospitalized infants. J Pediatr Infect Dis. 
2015;4:182–8.

 43. Zorc JJ, Hall CB. Bronchiolitis: recent evidence on diagnosis and management. Pediatrics. 
2010;125:342–9.

 44. McNamara PS, Smyth RL. The pathogenesis of respiratory syncytial virus disease in child-
hood. Br Med Bull. 2002;61(1):13–28.

 45. Zar H, Hanslo D, Tannebaum E, et al. Aetiology and outcome of pneumonia in human immu-
nodeficiency virus-infected children hospitalized in South Africa. Acta Paediatr. 
2001;90:119–25.

 46. Kitchin OP, Becker P, Masekela R, Green RJ. Outcome of HIV exposed and infected children 
admitted to a pediatric intensive care unit for respiratory failure. Pediatr Crit Care Med. 
2012;13:516–9.

 47. Cloete J, Becker P, Masekela R, Pentz A, Wijnant W, de Campos R, Kitchin OP, Green 
RJ. Severe pneumonia in HIV infected and exposed infants in a Paediatric ICU. S Afr J Child 
Health. 2015;9:76–80.

 48. Swingler GH. Radiologic differentiation between bacterial and viral lower respiratory infec-
tion in children: a systematic literature review. Clin Pediatr. 2000;39:627–33.

 49. Swingler GH, Hussey GD, Zwarenstein M. Randomised controlled trial of clinical outcome 
after chest radiograph in ambulatory acute lower-respiratory infection in children. Lancet. 
1998;351:404–8.

 50. Smuts N, Gie RP, Beyers N, et al. The value of the lateral chest x-ray in the diagnosis of child-
hood tuberculosis. Pediatr Radiol. 1994;24:478–80.

 51. Bachur R, Perry H, Harper MB. Occult pneumonias: empiric chest radiographs in febrile 
children with leukocytosis. Ann Emerg Med. 1999;33:166–73.

 52. Norton KI, Kattan M, Rao JS, et al. Chronic radiographic lung changes in children with verti-
cally transmitted HIV-1 infection. Am J Roentgenol. 2001;176:1553–8.

 53. Schuh S, Lalani A, Allen U, et al. Evaluation of the utility of radiography in acute bronchiol-
itis. J Pediatr. 2007;150:429–33.

 54. Ecochard-Dugelay E, Beliah M, Perreaux F, et al. Clinical predictors of radiographic abnor-
malities among infants with bronchiolitis in a pediatric emergency department. BMC Pediatr. 
2014;14:143.

 55. Gavin R, Sheperd M. Starship Clinical Guideline. http://www.adhb.govt.nz/starshipclinical-
guidelines/_Documents/Bronchiolitis.pdf. Accessed 15 May 2016.

 56. Samson F, Gorostiza I, Gonzales A, Landa M, Ruiz L, Grau M. Prospective evaluation of 
clinical lung ultrasonography in the diagnosis of community-acquired pneumonia in a pedi-
atric emergency department. Eur J Emerg Med. 2016;17. [Epub ahead of print]

 57. Nohynek H, Valkeila E, Leinonen M, et al. Erythrocyte sedimentation rate, white blood cell 
count and serum C-reactive protein in assessing etiologic diagnosis of acute lower respiratory 
infections in children. Pediatr Infect Dis J. 1995;14:484–90.

 58. Toikka P, Irjala K, Juven T, et al. Serum procalcitonin, C-reactive protein and interleukin-6 
for distinguishing bacterial and viral pneumonia in children. Pediatr Infect Dis J. 2000;19: 
598–602.

 59. Korppi M, Remes S, Heiskanen-Kosma T. Serum procalcitonin concentrations in bacterial 
pneumonia in children: a negative result in primary healthcare settings. Pediatr Pulmonol. 
2003;35(1):56–61.

 60. Zar HJ, Tannenbaum E, Hanslo D, Hussey G. Sputum induction as a diagnostic tool for 
community-acquired pneumonia in infants and young children from a high HIV prevalence 
area. Pediatr Pulmonol. 2003;36(1):58–62.

 61. Zar HJ, Hanslo D, Apolles P, Swingler G, Hussey G. Comparison of induced sputum with 
gastric lavage for microbiologic confirmation of pulmonary tuberculosis in infants and young 
children–a prospective study. Lancet. 2005;365:130–4.

 62. Moodley T, Masekela R, Kitchin O, Risenga S, Green RJ. Acute viral bronchiolitis. Aetiology 
and treatment implications in a population that may be HIV co-infected. S Afr J Epidemiol 
Infect. 2010;25(2):6–8.

R.J. Green et al.

http://www.adhb.govt.nz/starshipclinicalguidelines/_Documents/Bronchiolitis.pdf
http://www.adhb.govt.nz/starshipclinicalguidelines/_Documents/Bronchiolitis.pdf


53

 63. Wang L, Zhao M, Shi Z, Feng Z, Guo W, Yang S, Liu L, Li G. A GeXP-based assay for 
simultaneous detection of multiple viruses in hospitalized children with community acquired 
pneumonia. PLoS One. 2016;11:e0162411.

 64. Bont L, Checchia PA, Fauroux B, et al. Defining the epidemiology and burden of severe 
respiratory syncytial virus Infection among infants and children in western countries. Infect 
Dis Ther. 2016. [Epub ahead of print]

 65. Carbonell-Estrany X, Fullarton JR, Gooch KL, et al. The influence of birth weight amongst 
33–35 weeks gestational age (wGA) infants on the risk of respiratory syncytial virus (RSV) hos-
pitalisation: a pooled analysis. J Matern Fetal Neonatal Med. 2016;6:1–7. [Epub ahead of print]

 66. Sanchez-Luna M, Elola FJ, Fernandez-Perez C, Bernal JL, Lopez-Pineda A. Trends in respi-
ratory syncytial virus bronchiolitis hospitalizations in children less than 1 year: 2004–2012. 
Curr Med Res Opin. 2016;32(4):693–8.

 67. Pérez-Yarza EG, Moreno-Galdó A, Ramilo O. Risk factors for bronchiolitis, recurrent 
wheezing, and related hospitalization in preterm infants during the first year of life. Pediatr 
Allergy Immunol. 2015;26(8):797–804.

 68. Lanari M, Prinelli F, Adorni F, Di Santo S, Vandini S, Silvestri M, Musicco M, Study Group 
of Italian Society of Neonatology on Risk Factors for RSV Hospitalization. Risk factors for 
bronchiolitis hospitalization during the first year of life in a multicenter Italian birth cohort. 
Early Hum Dev. 2015;91(9):541–6.

 69. Fuentes-Leonarte V, Estarlich M, Ballester F. Pre-and postnatal exposure to tobacco smoke 
and respiratory outcomes during the first year. Indoor Air. 2015;25(1):4–12.

 70. Resch B, Paes B. Are late preterm infants as susceptible to RSV infection as full term infants? 
Early Hum Dev. 2011;87(Suppl 1):S47–9.

 71. Helfrich AM, Nylund CM, Eberly MD, Eide MB, Stagliano DR. Healthy late-preterm infants 
born 33–36 + 6 weeks gestational age have higher risk for respiratory syncytial virus hospi-
talization. Ital J Pediatr. 2015;41:40.

 72. Swingler GH, Hussey GD, Zwarenstein M. Duration of illness in ambulatory children diag-
nosed with bronchiolitis. Arch Pediatr Adolesc Med. 2000;154:997–1000.

 73. Stein RT, Sherill D, Morgan WJ, et al. Respiratory syncytial virus in early life and risk of 
wheeze and allergy by age 13 years. Lancet. 1999;354:541–5.

 74. Sigurs N, Gustafsson PM, Bjarnason R, et al. Severe respiratory syncytial virus bronchiolitis in 
infancy and asthma and allergy by age 13 years. Am J Respir Crit Care Med. 2005;171:137–41.

 75. Lotz MT, Moore ML, Peebles Jr RS. Respiratory syncytial virus and reactive airway disease. 
Curr Top Microbiol Immunol. 2013;372:105–18.

 76. Midulla F, Pierangeli A, Cangiano G, et al. Rhinovirus bronchiolitis and recurrent wheezing: 
1-year follow-up. Eur Respir J. 2012;39:396–402.

 77. Holt PG, Strickland DH, Hales BJ, Sly PD. Defective respiratory tract immune surveillance 
in asthma: a primary casual factor in disease onset and progression. Chest. 2014;145:370–8.

 78. Holtzman MJ, Patel DA, Zhang Y, Patel AC. Host epithelial-viral; interactions as cause and 
cure for asthma. Curr Opin Immunol. 2011;23:487–94.

 79. Holt PG, Strickland DH. Interactions between innate and adaptive immunity in asthma patho-
genesis: new perspectives from studies on acute exacerbations. J Allergy Clin Immunol. 
2010;125:963–72.

 80. Holt PG, Strickland DH, Bosco A, Jahnsen FL. Pathogenic mechanisms of allergic inflamma-
tion: atopic asthma as a paradigm. Adv Immunol. 2009;104:51–113.

 81. Daley D, Park JE, He JQ, et al. Associations and interactions of genetic polymorphisms in 
innate immunity genes with early viral infections and susceptibility to asthma and asthma- 
related phenotypes. J Allergy Clin Immunol. 2012;130:1284–93.

 82. Kabra SK, Lodha R, Pandey RM. Antibiotics for community-acquired pneumonia in chil-
dren. Cochrane Database Syst Rev. 2010;3:CD004874.

 83. Grant GB. Recommendations for treatment of childhood non-severe pneumonia. Lancet 
Infect Dis. 2009;9:185–96.

 84. Abdo-Yobo E. Oral amoxicillin versus injectable penicillin for acute severe pneumonia in 
children aged 3 to 59 months: a randomized multicenter equivalence study. Lancet. 2004;364: 
1141–8.

2 Viral Lower Respiratory Tract Infections



54

 85. Wubbel L, Muniz L, Ahmed A, et al. Etiology and treatment of community-acquired pneu-
monia in ambulatory children. Pediatr Infect Dis J. 1999;18:98–104.

 86. Eiskanen-Kosma T, Korppi M, Jokinen C, et al. Etiology of childhood pneumonia: serologi-
cal results of a prospective, population-based study. Pediatr Infect Dis J. 1998;17:986–91.

 87. Chintu C, Mudenda V, Lucas S, et al. Lung disease at necropsy in African children dying 
from respiratory illnesses: a descriptive necropsy study. Lancet. 2002;360:985–90.

 88. Jeena PM, Pillay P, Pillay T, Coovadia HM. Impact of HIV-1 co-infection on presentation and 
hospital related mortality in children with pulmonary tuberculosis in Durban, South Africa. 
Int J Tuberc Lung Dis. 2002;6:672–8.

 89. Madhi SA, Petersen K, Madhi A, Khoosal M, Klugman KP. Increased disease burden and 
antibiotic resistance of bacteria causing severe community-acquired lower respiratory tract 
infections in human immunodeficiency virus type 1-infected children. Clin Infect Dis. 
2000;31:170–6.

 90. Pakistan Multicentre Amoxycillin Short Course Therapy (MASCOT) pneumonia study 
group. Clinical efficacy of 3 days versus 5 days of oral amoxicillin for treatment of childhood 
pneumonia: a multicentre double-blind trial. Lancet. 2002;360:835–41.

 91. Green RJ, Jeena P, Kotze S, Lewis H, Wells M, Webb D. Management of acute fever in chil-
dren. Guideline recommendations for community healthcare providers and pharmacists. S 
Afr Med J. 2013;103:948–53.

 92. Hussey GD, Klein M. A randomized, controlled trial of vitamin A in children with severe 
measles. N Engl J Med. 1990;323(3):160–4.

 93. Huiming Y, Chaomin W, Meng M. Vitamin A for treating measles in children. Cochrane 
Database Syst Rev. 2005;4:CD001479.

 94. Brooks WA, Yunus M, Santosham M, et al. Zinc for severe pneumonia in very young chil-
dren: double-blind placebo-controlled trial. Lancet. 2004;363:1683–8.

 95. Shakur MS, Malek MA, Bano N, Islam K. Zinc status in well nourished Bangladeshi children 
suffering from acute lower respiratory infection. Indian J Pediatr. 2004;41:478–81.

 96. Mahalanabis D, Chowdhury A, Jana S, et al. Zinc supplementation as adjunct therapy in 
children with measles accompanied by pneumonia: a double-blind, randomized controlled 
trial. Am J Clin Nutr. 2002;76:604–7.

 97. Castro-Rodriguez JA, Rodriguez-Martinez CE, Sossa-Briceño MP. Principal findings of sys-
tematic reviews for the management of acute bronchiolitis in children. Paediatr Respir Rev. 
2015;15:S1526–42.

 98. Rojas-Reyes MX, Granados Rugeles C, Charry-Anzola LP. Oxygen therapy for lower respi-
ratory tract infections in children between 3 months and 15 years of age. Cochrane Database 
Syst Rev. 2014;12:CD005975.

 99. Beggs S, Wong ZH, Kaul S, Ogden KJ, Walters JA. High-flow nasal cannula therapy for 
infants with bronchiolitis. Cochrane Database Syst Rev. 2014;1:CD009609.

 100. Gadomski AM, Scribani MB. Bronchodilators for bronchiolitis. Cochrane Database Syst 
Rev. 2014;6:CD001266.

 101. Hartling L, Bialy LM, Vandermeer B, et al. Epinephrine for bronchiolitis. Cochrane Database 
Syst Rev. 2011;6:CD003123.

 102. Henry RL, Milner AD, Stokes GM. Ineffectiveness of ipratropium bromide in acute bronchi-
olitis. Arch Dis Child. 1983;58:925–6.

 103. Zhang L, Mendoza-Sassi RA, Wainwright C, Klassen TP. Nebulised hypertonic saline solu-
tion for acute bronchiolitis in infants. Cochrane Database Syst Rev. 2013;7:CD006458.

 104. Everard ML, Hind D, Ugonna K, et al. SABRE: a multicenter randomised control trial of 
nebulised hypertonic saline in infants hospitalised with acute bronchiolitis. Thorax. 
2014;69:1105–12.

 105. Sharma BS, Gupta MK, Rafik SP. Hypertonic (3%) saline vs. 0.93% saline nebulization for 
acute viral bronchiolitis: a randomized controlled trial. Indian J Pediatr. 2013;50: 
743–477.

 106. Teunissen J, Hochs AH, Vaessen-Verberne A, et al. The effect of 3% and 6% hypertonic 
saline in viral bronchiolitis: a randomized controlled trial. Eur Respir J. 2014;44:913–21.

R.J. Green et al.



55

 107. Wu S, Baker C, Lang ME, et al. Nebulized hypertonic saline for bronchiolitis: a randomized 
clinical trial. JAMA Pediatr. 2014;168:657–63.

 108. Jacobs JD, Foster M, Wan J, et al. 7% hypertonic saline in acute bronchiolitis: a randomized 
controlled trial. Pediatrics. 2014;133:e8–e13.

 109. Fernandes RM, Bialy LM, Vandermeer B, et al. Glucocorticoids for acute viral bronchiolitis 
in infants and young children. Cochrane Database Syst Rev. 2013;6:CD004878.

 110. Blom D, Ermers M, Bont L, van Aalderen WM, van Woensel JB. Inhaled corticosteroids dur-
ing acute bronchiolitis in the prevention of post-bronchiolitic wheezing. Cochrane Database 
Syst Rev. 2007;1:CD004881.

 111. Amirav I, Luder AS, Kruger N, et al. A double-blind, placebo controlled, randomized trial of 
montelukast for acute bronchiolitis. Pediatrics. 2008;122:1249–55.

 112. Peng WS, Chen X, Yang XY, Liu EM. Systematic review of montelukast’s efficacy for pre-
venting post-bronchiolitis wheezing. Pediatr Allergy Immunol. 2014;25(2):143–50.

 113. Ventre K, Randolph A. Ribavirin for respiratory syncytial virus infection of the lower respira-
tory tract in infants and young children. Cochrane Database Syst Rev. 2007;1:CD000181.

 114. Roqué i Figuls M, Giné-Garriga M, Granados Rugeles C, Perrotta C. Chest physiotherapy for 
acute bronchiolitis in pediatric patients between 0 and 24 months old. Cochrane Database 
Syst Rev. 2012;2:CD004873.

 115. Farley R, Spurling GK, Eriksson L, Del Mar CB. Antibiotics for bronchiolitis in children 
under two years of age. Cochrane Database Syst Rev. 2014;10:CD005189.

 116. Florin TA, Plint AC, Zorc JJ, et al. Viral bronchiolitis. Lancet. 2016. 
pii:S0140–6736(16)30951–5.

 117. Friedman JN, Rieder MJ, Walton JM, Canadian Paediatric Society, Acute Care Committee, 
Drug Therapy and Hazardous Substances Committee. Bronchiolitis: recommendations for 
diagnosis, monitoring and management of children one to 24 months of age. Paediatr Child 
Health. 2014;19(9):485–91.

 118. Wright AL, Bauer M, Naylor A, et al. Increasing breastfeeding rates reduce infant illness at 
the community level. Pediatrics. 1998;101:837–44.

 119. Bhandari N, Bahl R, Taneja S, et al. Effect of routine zinc supplementation on pneumonia in 
children aged 6 months to 3 years: randomised controlled trial in an urban slum. BMJ. 
2002;324:1358.

 120. Bhutta ZA, Black RE, Brown KH, et al. Prevention of diarrhea and pneumonia by zinc sup-
plementation in children in developing countries: pooled analysis of randomized controlled 
trials. Zinc Investigators’ Collaborative Group. J Pediatr. 1999;135:689–97.

 121. Hasegawa J, Mori M, Ohnishi H, Tsugawa T, Hori T, Yoto Y, Tsutsumi H. Pneumococcal 
vaccination reduces the risk of community-acquired pneumonia in children. Pediatr Int. 
2016;2. [Epub ahead of print]

 122. The Impact-RSV study Group. Palivizumab, a humanized respiratory syncyctial virus mono-
clonal antibody, reduces hospitalization from respiratory syncytial virus infection in high risk 
infants. Pediatrics. 1998;102:531–7.

 123. Wegzyn C, Toh LK, Notario G, et al. Safety and effectiveness of palivizumab in children at 
high risk of serious disease due to respiratory syncytial virus infection: a systematic review. 
Infect Dis Ther. 2014;3:133–58.

 124. Feltes TF, Cabalka AK, Meissner HC, et al. Cardiac Synagis study group. Palivizumab pro-
phylaxis reduces hospitalization due to respiratory syncytial virus in young children with 
haemodynamically significant congenital heart disease. J Pediatr. 2003;143:532–40.

 125. Wang D, Bayliss S, Meads C. Palivizumab for immunoprophylaxis of respiratory syncytial 
virus (RSV) bronchiolitis in high risk infants and young children: a systematic review and addi-
tional economical modeling of subgroup analyses. Health Technol Assess. 2011;15:997–1018.

 126. Baraldi E, Lanari M, Manzoni P, et al. Inter-society consensus document on treatment and 
prevention of bronchiolitis in newborns and infants. Ital J Pediatr. 2014;40:65.

 127. Mazur NI, Martinon-Torres F, Baraldi E, et al. Lower respiratory tract infection caused by 
respiratory syncytial virus: current management and new therapeutics. Lancet Respir Med. 
2015;3(11):888–900.

2 Viral Lower Respiratory Tract Infections



56

 128. Jaberolansar N, Toth I, Young PR, Skwarczynski M. Recent advances in the development of 
subunit-based RSV vaccines. Expert Rev Vaccines. 2016;15(1):53–68.

 129. Morrison TG, Walsh EE. Subunit and virus-like particle vaccine approaches for respiratory 
syncytial virus. Curr Top Microbiol Immunol. 2013;372:285–306.

 130. Stockman LJ, Massoudi MS, Helfand R, et al. Severe acute respiratory syndrome in children. 
Pediatr Infect Dis J. 2007;26(1):68–74.

 131. Al-Tawfiq JA, Kattan RF, Memish ZA. Middle East respiratory syndrome coronavirus dis-
ease is rare in children: an update from Saudi Arabia. World J Clin Pediatr. 
2016;5(4):391–6.

 132. MacNeil A, Ksiazek TG, Rollin PE. Hantavirus Pulmonary Syndrome, United States, 1993–
2009. Emerg Infect Dis. 2011;17(7):1195–201.

 133. Oliveira RC, Sant’ana MM, Guterres A, et al. Hantavirus pulmonary syndrome in a highly 
endemic area of Brazil. Epidemiol Infect. 2016;144(5):1096–106.

 134. Khan F. Enterovirus D68: acute respiratory illness and the 2014 outbreak. Emerg Med Clin 
North Am. 2015;33(2):e19–32.

 135. Foster CB, Friedman N, Carl J, Piedimonte G. Enterovirus D68: a clinically important respi-
ratory enterovirus. Cleve Clin J Med. 2015;82(1):26–31.

 136. Sha J, Dong W, Liu S, et al. Differences in the epidemiology of childhood infections with 
avian influenza A H7N9 and H5N1 viruses. PLoS One. 2016;11(10):e0161925.

Published with Kind Permission of the South African 
Medical Journal

Madhi SA, Green RJ. Acute viral bronchiolitis: dawn of a new era for the prevention of respiratory 
syncytial virus infection through vaccination. S Afr Med J. 2016;106:44.

White DA, Madhi SA, Jeena P, Zar HJ, Morrow BM, Masekela R, Risenga S, Green RJ. Acute 
viral bronchiolitis in South Africa: viral aetiology and clinical epidemiology. S Afr Med 
J. 2016;106:443–5.

White DA, Zar HJ, Jeena P, Morrow BM, Green RJ. Acute viral bronchiolitis in South Africa: 
diagnostic flow. S Afr Med J. 2016;106:328–9.

Zar HJ, Jeena P, Argent A, et al. Diagnosis and management of community-acquired pneumonia in 
childhood–South African Thoracic Society Guidelines. S Afr Med J. 2005;95(12 Pt 2): 
977–81.

R.J. Green et al.


	2: Viral Lower Respiratory Tract Infections
	2.1	 Introduction
	2.2	 Definitions
	2.3	 Etiology of ALRTI in Children
	2.4	 Epidemiology of ALRTI
	2.4.1	 Bacterial-Viral Interactions

	2.5	 Pathophysiology of Disease
	2.6	 Diagnosis of an ALRTI
	2.7	 Clinical Diagnosis of ALRTI
	2.8	 Radiological Diagnosis of ALRTI
	2.9	 Investigations for ALRTI
	2.10	 Severe and Chronic Disease
	2.11	 Differential Diagnosis of Viral LRTI
	2.12	 Management of ALRTI
	2.13	 Prevention of Childhood ALRTI’s
	2.14	 Prevention of RSV Disease in High-Risk Children
	2.15	 New RSV Vaccines and Maternal Vaccination
	2.16	 Parent and Caregiver Education
	2.17	 Severe Respiratory Syndromes
	2.17.1	 Severe Acute Respiratory Syndrome (SARS)
	2.17.2	 Middle East Respiratory Syndrome (MERS)
	2.17.3	 Hantavirus Pulmonary Syndrome (HPS)
	2.17.4	 Enterovirus D68 (EV-D68) Acute Respiratory Illness
	2.17.5	 Avian Influenza

	2.18	 Other Respiratory Virus Associations
	References
	Published with Kind Permission of the South African Medical Journal



