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P A R T  7
RESPIRATORY INFECTIONS

CHAPTER 33 Viral Infections of the Lower 
Respiratory Tract
Sean P. Elliott and C. George Ray

Worldwide, it is estimated that 3 to 5 million children die 
annually as a result of acute respiratory disease. In the United 
States, respiratory diseases account for 75% to 80% of all 
acute morbidity. Viral infections are the greatest contributors 
to this morbidity rate, causing approximately 80% of respira-
tory illness. Many of these infections produce mild, self-
limited symptoms of the upper respiratory tract. Lower 
respiratory tract illness (LRI), particularly that associated 
with the presence of crackles or wheezes on physical exami-
nation or as parenchymal disease on a chest radiograph, 
accounts for the majority of severe disease. One third of 
children develop LRI in the fi rst year of life. 1  Childhood 
asthma may be initially diffi cult to discriminate from LRI in 
some patients; indeed, both conditions can be present 
simultaneously.

Although 60% or more of LRIs are primarily viral 2  (Table 
33-1), the concern often remains as to whether bacterial 
infection is present, as either a primary problem or a compli-
cation of viral infection. Of the bacteria, Streptococcus pneu-
moniae is by far the most common, followed by Haemophilus 
infl uenzae and Staphylococcus aureus. Clinical features that 
suggest these causes include an abrupt onset or a change in 
symptoms over a few to several hours, toxicity, and radio-
graphic fi ndings of parenchymal consolidation, pleural effu-
sions, or both. White blood cell counts are of variable help, 
but extreme leukocytosis (>20,000 cells/mm3) or increased 
neutrophil band counts (>1500 cells/mm3) suggest possible 
bacterial involvement. However, such fi ndings are not abso-
lute; severe viral infections can produce leukocytosis and 

variable shifts to the left. Conversely, overwhelming bacterial 
pneumonia can present with ominous leukopenia. The mag-
nitude of fever is thought by some to be helpful in determin-
ing the possible presence of a bacterial infection, but viral 
LRI can also provoke high fevers, which may persist for 
several days or longer. Serum levels of procalcitonin and 
C-reactive protein have shown the most promise to date in 
distinguishing serious bacterial infection from virus-caused 
disease, but these fi ndings remain untested in respiratory 
diseases. 3,4 

Other nonviral agents include Chlamydia trachomatis, 
Chlamydia pneumoniae, Mycoplasma pneumoniae, Mycobac-
terium tuberculosis, deep mycoses, and Pneumocystis jirove-
cii. C. trachomatis pneumonia is most common among infants 
between 2 weeks and 6 months. Characteristically, the onset 
of respiratory symptoms is insidious over several days, the 
infant is usually afebrile, and air trapping with interstitial 
infi ltrates is often apparent on chest radiographs. Symptom-
atic M. pneumoniae infections are uncommon in children 
younger than 5 years; however, they frequently cause pneu-
monia among children in the 5- to 19-year age group. 5  
C. pneumoniae infections appear to follow clinical and age-
specifi c patterns similar to those of M. pneumonia infections, 
but more data are needed before such a comparison can be 
confi rmed. 6  Tuberculosis and deep mycoses should be con-
sidered when the symptoms and radiographic abnormalities 
insidiously progress over days to weeks. Finally, P. jirovecii 
infections are suggested in patients who have progressive 
hypoxemia (often without signifi cant hypercarbia), alveolar 
infi ltrates, and signifi cant risk factors such as congenital or 
acquired immunodefi ciency, malignancy, and severe protein 
malnutrition.

A common clinical dilemma occurs in reliably discerning 
treatable causes, such as bacteria, from viral agents that may 
not be susceptible to specifi c therapies. Often, the choice is 
made to treat nearly all young patients who have an acute 
LRI with an antibiotic in case a bacterial agent is involved. 
Such therapy is useless in viral disease and has not been 
shown to alter the risk of bacterial superinfection; further-
more, such a practice can result in the selection of 
more resistant organisms if secondary infection does occur. 
With the emergence of molecular diagnostic methods, a 
timely, specifi c diagnosis of many viral LRIs is possible. In 
addition, specifi c antiviral therapy is available for some viral 

TEACHING POINTS

● The majority of all childhood lower respiratory illnesses 
are caused by viral agents.

● In healthy patients, the course of viral respiratory infec-
tions is usually relatively predictable in terms of both the 
nature of onset and the duration of the acute phase.

● When abrupt deviations in the course of an acute viral 
illness occur, the possibility of bacterial superinfection 
must be considered.

● Of the more recently recognized viral agents, human 
metapneumovirus stands out as an important cause of 
respiratory syncytial virus–like illness.
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infections and may reduce both the morbidity and the 
mortality rates.

Despite the concern of bacterial coinfection, viral infec-
tions remain the most common causes of pediatric LRIs, 
especially among children younger than 5 years. 7,8  Of these, 
respiratory syncytial virus (RSV); human metapneumovirus 
(hMPV); parainfl uenza virus types 1, 2, and 3; infl uenza virus 
types A and B; and adenoviruses comprise the majority. 7  
Rhinoviruses, human coronaviruses (HCVs), infl uenza virus 
type C, and parainfl uenza virus type 4 are known to have 
roles in upper respiratory disease, but relatively little is known 
about their contribution to LRI. Other viruses, such as 
Epstein-Barr virus (EBV), cytomegalovirus (CMV), and 
human herpesvirus-6 (HHV-6), have been associated occa-
sionally with LRI, either as primary pathogens or as possible 
cofactors with other agents. All three increase in overall 
importance in the setting of immunocompromise; this is 
especially true for CMV. 9  Measles virus has a long history as 
a signifi cant cause of LRI. Although eradication of this virus 
seems possible, it remains a signifi cant problem in under-
developed nations.

RESPIRATORY SYNCYTIAL VIRUS

RSV is the most common cause of lower respiratory infection 
in infants and young children, although infants younger than 
2 years are most frequently and severely affected. RSV causes 
a range of illnesses, including croup, tracheobronchitis, bron-
chiolitis, pneumonia, or some combination thereof, and is 
associated with such complications as progressive pulmonary 
failure, cor pulmonale, and a risk of bacterial superinfection. 
Some evidence suggests there may be a strong association 
between severe RSV LRI in infancy and asthma or allergic 

airways disease in childhood. RSV is discussed thoroughly in 
Chapter 34.

HUMAN METAPNEUMOVIRUS

Human metapneumovirus (hMPV) is an infectious agent that 
apparently has existed for a long time but only recently 
(2001) has been recognized as a major cause of LRI. Initially 
described in patients with LRI in the Netherlands, 10  hMPV 
has now been identifi ed in pediatric and adult patients with 
LRI worldwide. hMPV is in the same subfamily of Paramyxo-
viruses as RSV and displays the same syncytial formation in 
cell culture. Although comparative prevalence studies are 
diffi cult to evaluate due to differences in sensitivity of detec-
tion methods, hMPV certainly appears to cause a signifi cant 
portion of LRI worldwide. In one prospective 25-year study, 
hMPV prevalence was 12% in nasopharyngeal samples from 
patients with LRI, compared with 15% RSV, 10% parainfl u-
enza virus, and 5% infl uenza virus. 11  Infection usually occurs 
during childhood, causing hMPV seropositivity in up to 52% 
of 24-month-old infants and 100% of 5-year-old children. 12,13  
Like RSV, hMPV has a seasonal pattern, causing its greatest 
impact in the winter months. Coinfection with hMPV and 
other respiratory viruses occurs and appears to increase the 
severity of illness. 14 

Clinically, hMPV infection is similar to RSV disease and 
includes mild upper respiratory tract disease, infl uenza-like 
symptoms (including fever, myalgia, and vomiting), croup, 
pneumonia, and, most commonly, bronchiolitis. 11,13  Patients 
typically present with symptoms commonly seen with RSV 
but, in general, have less severe signs of respiratory distress 
(Table 33-2). However, patients with immunocompromise 
or extremes of age are at higher risk for more severe LRI. 

Table 33-1
Major Causes of Acute Lower Respiratory Tract Illnesses

   Estimated Percentage
Syndrome Viruses Nonviral Agents Caused by Viruses

Epiglottitis Rare Haemophilus infl uenzae, Streptococcus 5-10
   pyogenes, Streptococcus pneumoniae,
   Neisseria meningitidis,
   Corynebacterium diphtheriae
Laryngitis and croup Parainfl uenza viruses, infl uenza viruses, Rare 90
  adenoviruses, respiratory syncytical
  virus, human metapneumovirus,
  rhinoviruses, coronaviruses,
  echoviruses
Laryngotracheitis and Same as for laryngitis and croup H. infl uenzae, Staphylococcus aureus 90
 laryngotracheobronchitis
Bronchitis Parainfl uenza viruses, infl uenza viruses, Bordetella pertussis, Bordetella parapertussis, 80
  respiratory syncytial virus, human  H. infl uenzae, Mycoplasma pneumoniae,
  metapneumovirus, adenoviruses,  Chlamydia pneumoniae
  coronaviruses
Bronchiolitis Respiratory syncytial virus, parainfl uenza Chlamydia trachomatis, C. pneumoniae, 90
  viruses, human metapneumovirus,  M. pneumoniae
  infl uenza viruses, adenoviruses
Pneumonia Same as for bronchiolitis M. pneumoniae, C. trachomatis, 70-80
   C. pneumoniae, S. pneumoniae, 
   H. infl uenzae, S. aureus,
   Legionella species, N. meningitidis,
   mixed aerobic and anaerobic fl ora*

*Aspiration-related and lung abscess.
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Patients hospitalized for hMPV-associated LRI require similar 
length of hospital stays to RSV patients (6 to 7 days 15 ). The 
relationship of hMPV to asthma and reactive airways disease 
is unclear as studies have demonstrated both positive and 
negative impacts.

Diagnosis of hMPV is diffi cult because the virus does not 
grow readily on routine cell cultures. Reverse transcription–
polymerase chain reaction (RT-PCR) assays are the currently 
available identifi cation methods of choice. Serologic (immu-
nofl uorescence and enzyme-linked immunosorbent assays 
[ELISAs]) testing is not readily available and is compromised 
by near universal infection in childhood: a ≥4-fold rise in 
antibody titers must be demonstrated to confi rm recent 
infection. 16  Management of hMPV infection remains sup-
portive, although studies evaluating the effect of ribavirin and 
intravenous immunoglobulin preparations are in progress. 
Bronchodilators such as albuterol may benefi t those patients 
with wheezing as part of their symptom complex, but cor-
ticosteroids have no demonstrated impact. Prevention of 
hMPV infection remains the most desirable form of interven-
tion, but no studies on hMPV vaccine products for humans 
have been reported. 16 

PARAINFLUENZA VIRUSES

The parainfl uenza viruses represent the next most common 
cause of LRI in children younger than 5 years. 8  Parainfl uenza 
virus type 3 is the most common cause of LRI among this 
group. Such infections can be seen at any time during the 
year but are most common in the spring and summer. 17  
Localized outbreaks of upper respiratory illness, bronchitis, 
and croup caused by parainfl uenza virus types 1 or 2 fre-
quently occur in the autumn and early winter. Parainfl uenza 
virus type 4 is rarely detected and has been associated primar-
ily with upper respiratory symptoms.

The clinical course of parainfl uenza virus infection is 
similar to that described for RSV as depicted in Figure 33-1. 
Initial symptoms are mild nasal stuffi ness and coryza, with 
variable progression over 1 to 3 days as the infection pro-
gresses downward in the respiratory tract causing cough as a 
predominant manifestation. Parainfl uenza 3 often causes 
bronchitis, pneumonia, and croup in children younger than 1 
year. Patients with immunocompromise are at increased risk 
for serious morbidity and mortality from parainfl uenza 3–
associated pneumonia. 18  Duration of acute illness can vary 
from 4 to 21 days but is usually 7 to 10 days.

The basic principles of management for parainfl uenza LRIs 
are the same as those described elsewhere for RSV. When 
eating and drinking become diffi cult for the patient, adequate 
fl uids usually need to be provided via an intravenous route. 
Humidifi ed oxygen is also given when hypoxemia is present, 
usually beginning at a concentration of 30% to 40%. In severe 
cases, the oxygen concentration is increased as guided by 
blood gas determinations. If there is clinical evidence of 
progressive respiratory failure, endotracheal intubation with 
mechanical ventilatory assistance is required.

Bronchodilators also may be tried but must be adminis-
tered cautiously and discontinued if no clear-cut benefi t can 
be demonstrated. Corticosteroids have no demonstrated role 
in treatment of lower respiratory infection. Their role in 
upper respiratory infection is discussed elsewhere. Parainfl u-
enza types 1 and 3 are susceptible in vitro to ribavirin, but 
no controlled clinical trials yet support its use in these 
infections.

INFLUENZA VIRUSES

The epidemiology of infl uenza virus types A and B is generally 
well known: rapidly evolving outbreaks that usually occur 
during the cooler months of the year. Both types can cause 
serious, lethal LRI in infants and children. 19  The clinical 
course contrasts with that of RSV and parainfl uenza viruses 

Table 33-2
Clinical and Radiologic Findings in Patients with Human

Metapneumovirus (hMPV) Compared with Those
with Respiratory Syncytial Virus (RSV)

 Percent of Patients Percent of Patients
 with hMPV with RSV

Clinical fi ndings
 Cough 72-90 76
 Rhinitis 80-88 72
 Fever 52-61 48
 Retractions 60 64
 Hypoxemia 47 82
 Anorexia 33-36 76
 Wheezing 22-24 32
Chest radiograph fi ndings
 Atelectasis 40 19
 Hyperinfl ation 33 44
 Infi ltrate 33 31
 Bronchial thickening 0 13

From Williams JV, Harris PA, Tollefson SJ, et al: Human metapneumovirus and lower 

respiratory tract disease in otherwise healthy infants and children. N Engl J Med 

350:443-450, 2004; Mejias A, Chavez-Bueno S, Ramilo O: Human metapneumovirus: 

A not so new virus. Pediatr Infect Dis J 23:1-10, 2004; and van den Hoogen BG, 

van Doornum GJJ, Fockens JC, et al: Prevalence and clinical symptoms of human 

metapneumovirus infection in hospitalized patients. J Infect Dis 188:1571-1577, 2003.
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Figure 33-1 Natural history of lower respiratory tract illnesses caused 
by RSV and parainfl uenza viruses, as measured by severity and duration in 
normal patients (blue line). The prodrome with upper respiratory 
symptoms usually progresses to lower tract involvement over 1 to 3 days. 
Maximal severity persists as a “plateau” phase for 7 to 21 days (average, 
10 days), followed by progressive recovery in the succeeding few weeks. 
The hatched red line illustrates the similar but more protracted course 
often seen with severe adenovirus infections.
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in that fever, malaise, and often myalgia usually develop and 
rapidly become more severe over 12 to 24 hours (Fig. 33-2). 
Nasal congestion, cough, and subsequent respiratory distress 
often do not appear until a day or two after the onset of sys-
temic symptoms. Although the mean overall duration of the 
acute illness (3 to 7 days) is somewhat shorter than with RSV 
or parainfl uenza viruses, the convalescent phase often lasts 
several weeks, and rapid deterioration as a result of bacterial 
superinfection can occur at any time in the course. Rarely, 
patients may develop a rapidly progressive, overwhelming 
viral pneumonia resulting in death within 2 to 3 days after 
the initial onset (Fig. 33-3). Pandemic infl uenza has occurred 
three times in the past century, causing unusually severe, 
hemorrhagic pneumonia and millions of deaths. The patho-
genicity of these pandemics appears related to a lack of 
neutralizing serum immunity against the pandemic strain, 
presumably due to antigenic drift of its hemagglutinin 
antigen. 20,21 

Diagnosis and basic management are similar to those 
described for RSV and parainfl uenza viruses. Oral amanta-
dine hydrochloride is somewhat effective in treating infl uenza 
A but is ineffective against infl uenza B. If begun within 24 to 
48 hours of onset and continued for 5 to 7 days, it may reduce 
the duration of fever and systemic symptoms and result in a 
more rapid improvement of peripheral airways function. 22  It 
also has use as prophylaxis in high-risk children during infl u-
enza A outbreaks. A related drug, rimantadine, is also effec-
tive and appears to produce fewer adverse effects than 
amantadine. 22,23  The rapid development of viral resistance to 
both amantadine and rimantadine has been observed, particu-
larly when either medication is used in households for the 
simultaneous treatment of symptomatic infection and contact 
prophylaxis. 24 

The neuraminidase inhibitors (zanamivir and oseltamivir) 
can also signifi cantly reduce duration and symptom severity 
of infl uenza, if begun within 30 hours of onset. Importantly, 
both agents have effi cacy against infl uenza A and B, are well 
tolerated, and appear to be associated with viral resistance 
infrequently. 25 

The combination vaccines for infl uenza virus types A and 
B are evaluated annually and reformulated as necessary to 
antigenically match the strains expected to circulate widely 
in a subsequent year. Their protective effi cacy varies from 
year to year, ranging between 50% and 95% in immunologi-
cally normal individuals older than 6 months. Effi cacy in the 
fi rst 6 months of life is not known, and the infl uenza vaccine 
is not recommended for this group; otherwise, annual immu-
nization commencing in the autumn can be used in persons 
of all ages, except those who have experienced anaphylactic 
reactions to chickens or eggs. Two doses administered 1 
month apart are recommended for children receiving the 
vaccine for the fi rst time. An intranasal, live attenuated infl u-
enza vaccine is also available for children and adults from 5 
to 49 years old. This product is highly effective and well tol-
erated and provides an alternative to further injections. 
However, it is contraindicated for the high-risk, immunocom-
promised patient populations, for whom infl uenza vaccina-
tion is recommended.

Children who especially should be immunized annually 
against infl uenza include those with chronic pulmonary, 
cardiac, hematologic, immunologic, and metabolic conditions 
and those receiving long-term salicylate therapy. In addition, 
household contacts of these high-risk children and other care-
givers (e.g., nurses, physicians, therapists) should be targeted. 
If an annual immunization is missed and a signifi cant expo-
sure is subsequently suspected (e.g., during a documented 
outbreak), immunization followed immediately by chemo-
prophylaxis with amantadine or rimantadine for 2 weeks 
after the vaccine schedule of one or two doses has been 
completed can provide “bridging” protection until there is a 
vaccine response.

Infl uenza virus type C has been reported to cause out-
breaks of febrile respiratory illnesses, especially among pedi-
atric clinic patients and children younger than 3 years. A 
survey in Los Angeles detected a 64% prevalence of antibod-
ies to this virus among children 5 years and younger. 26  
However, longitudinal studies have not supported a signifi -
cant role for infl uenza virus type C in LRI, at least among 
those from birth to 3 years. 17 

Avian infl uenza A (H5N1) recently has emerged as a highly 
pathogenic cause of poultry infection in Asian countries that 
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Figure 33-2 Natural history of infl uenza in normal patients, as measured 
by severity and duration. Initial symptoms of fever and malaise develop and 
reach maximal severity over the fi rst 12 to 24 hours and are followed by 
additional respiratory symptoms. Maximal severity persists for 3 to 7 days 
(shorter than for RSV and parainfl uenza), followed by convalescent period 
lasting several weeks.

Figure 33-3 Photomicrograph demonstrating bronchiolar necrosis and 
hemorrhage in a case of overwhelming infl uenza (original magnifi cation 
¥100).
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now has gained the ability to occasionally cause human 
disease. Infl uenza A (H5N1) infection in humans is charac-
terized by fever, severe respiratory symptoms, lymphopenia, 
and a high risk of death. 27  In 2004, at least 44 persons were 
infected and 32 died; most had direct contact with infected 
poultry. However, a probable case of person-to-person trans-
mission 28  raises fears of an impending pandemic because few 
humans will have any immunity against this strain. Chemo-
prophylaxis with the neuraminidase inhibitors appears to 
have some benefi t, but concerns about emerging viral resis-
tance may limit their use. Thus, such preventive measures as 
vaccine discovery and prospective poultry screening and 
culling are critical. Unfortunately, only a few countries have 
developed infl uenza pandemic plans and even fewer have the 
economic and social resources to pursue vaccine development 
and antiviral stockpiling. Perhaps the greatest impact so far 
has been the fi nancial reality of domestic poultry destruction 
in those countries hardest hit by this virus. 29 

ADENOVIRUSES

Adenoviruses are very common causes of fevers, upper respi-
ratory illnesses, and conjunctivitis in young children. Fortu-
nately, they produce LRI only occasionally and sporadically. 
Adenoviral pneumonia, most commonly caused by types 3, 
5, and 7, initially progresses much like the pneumonia 
described for RSV and parainfl uenza viruses (see Fig. 33-1), 
but the illnesses can be extremely severe and can last for 
several weeks. Adenovirus types 3 and 7 have been associated 
with epidemics of LRI. 30  Risk factors for severe, potentially 
lethal disease include immunocompromise, congenital heart 
disease, and protein-calorie malnutrition. During the acute 
phase, chest radiographs often reveal extensive consolidation, 
particularly in perihilar areas (Fig. 33-4). These fi ndings, 
along with a frequent occurrence of high fevers, leukocytosis, 
and multisystem involvement, can make it diffi cult to discern 
such infections from bacterial conditions. Other systemic 
manifestations that sometimes develop are hepatic dysfunc-
tion (including Reye’s syndrome 31 ), encephalopathy, coagu-
lopathies, measles-like exanthems, and diarrhea. 32 

The diagnosis is confi rmed best by the detection of the 
virus in tissues such as lung aspirate or biopsy specimens. 
Because asymptomatic shedding from the throat or gastroin-

testinal tract is common in young children, isolation of the 
virus from the throat must be regarded as diagnostically sup-
portive but not confi rmatory, and isolation from stools or 
rectal swabs needs to be interpreted even more cautiously. 
Serologic studies of paired acute and convalescent sera 
obtained at least 2 weeks apart may further aid in confi rming 
the diagnosis. Rapid detection has been used, including 
immunofl uorescence and immunoenzyme assays. Such 
methods are generally quite specifi c, but sensitivity ranges 
between 30% and 60%.

Supportive management is all that can be offered at 
present. These patients must be followed closely because 
they are at high risk for bacterial superinfection for many 
weeks. They can also sustain permanent pulmonary sequelae, 
including pulmonary fi brosis, bronchiolitis obliterans, recur-
rent wheezing, and bronchiectasis. 33-35  Young age and a previ-
ous measles-like illness, as well as nutritional or immunologic 
defi ciencies, have been reported to be risk factors. 34  The 
persistence of adenoviral antigens and the sustained expres-
sion of adenovirus genes in the airway epithelium have been 
proposed as causes. 35,36 

HUMAN CORONAVIRUSES

Until recently, the role of human coronaviruses (HCoV) in 
LRIs was not well understood. The two strains most fre-
quently associated with LRI were OC43 and 229E. HCoV 
OC43 infections produce cough and nasal symptoms in adults 
and sore throat, cough, coryza, and fever in children. 37  HCoV 
infections have also been associated with acute attacks of 
wheezing in children with asthma. 38  In a provocative study 
of pediatric HCoV LRI, 39  ELISA detected HCoV antigens 
in 30% of 108 acute respiratory episodes experienced by 30 
children younger than 6 years who had a history of at least 
10 recurrent respiratory illnesses in the preceding year. In 
addition, 29% of 51 acute respiratory episodes experienced 
by the siblings of these patients were also associated with 
HCoV. Interestingly, 30% of the HCoV infections detected 
in the former group were associated with LRI symptoms, 
including wheezy bronchitis, whereas none of the siblings 
with HCoV had LRI fi ndings. Most infections were due to 
HCoV 229E, and peaks occurred in the late autumn, early 
winter, and early summer. Family studies in Seattle have 
shown that increased levels of antibodies to HCoV strains 
OC43 and 229E occur more frequently during the winter 40 ; 
children were apparently infected 3 times more often than 
adults, and serologic evidence suggesting reinfection was 
frequently observed over 3 years.

Severe Acute Respiratory Syndrome

The 2002 emergence of severe acute respiratory syndrome 
(SARS) precipitated a new era of international scientifi c and 
medical cooperation and led to the discovery of a third coro-
navirus with human pathogenicity (SARS-CoV). 41,42  The fi rst 
cases of SARS occurred in China in November 2002 and 
were followed over the next year by 8098 cases in 26 coun-
tries, with 774 deaths. 43  SARS-CoV–like viruses have been 
detected in raccoon-dogs and Himalayan palm civets in China 
and also were isolated from such human samples as nasal 
secretions, serum, feces, and bronchial washings. 42,43  There 

Figure 33-4 Chest radiograph demonstrating extensive perihilar 
consolidation in a two-year-old patient with adenovirus 3 pneumonia.
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is good evidence that bats represent the primary reservoirs 
of these viruses. 44  Because SARS-CoV has not been demon-
strated previously in humans, it appears possible that the 
virus has crossed the species barrier from animals to 
humans. 45 

The SARS incubation period ranges from 2 to 10 days, 
followed by an infl uenza-like prodrome with such symptoms 
as fever, myalgias, headache, and watery diarrhea. Respiratory 
symptoms begin 2 to 7 days after the prodrome and initially 
include a dry, nonproductive cough and mild dyspnea, accom-
panied by lung high-resolution CT fi ndings of ground-glass 
consolidations. Further progression occurs 8 to 12 days later 
and ranges from a “mild cough variant” with persistent intrac-
table cough to the more common “moderate to severe variant” 
with hypoxia and dyspnea. Ten percent to 20% of hospitalized 
patients will require intubation and mechanical ventilation, 
often heralded by subtle, progressive decreases in oxygen 
saturation. Recovery begins approximately 14 to 18 days after 
onset of symptoms. 43,46-48 

Diagnosis of SARS-CoV is available by use of culture 
and RT-PCR, although the sensitivity of culture is lower than 
RT-PCR. Specimens obtained 10 days from symptom onset 
are associated with the highest yield, correlating with the 
timing of peak virus load. Serologic assays for SARS-CoV 
include immunofl uorescent assays, ELISA, and Western blot 
assays; however, none is sensitive early enough in the disease 
course to be useful for rapid diagnosis and thus should be 
used for paired acute and convalescent-phase serologic 
diagnosis. 43 

Treatment of SARS remains largely supportive and aimed 
at those patients who develop respiratory failure. Barotrauma 
appears to be a frequent complication of SARS-CoV infec-
tion, leading to pneumothorax and pneumomediastinum in 
20% to 34% of ventilated patients. 49  Thus, a “lung protec-
tive” ventilation strategy is recommended for those patients 
on mechanical ventilation. Other therapeutic interventions 
have included use of ribavirin, interferon α, lopinavir-
ritonavir, and such immunomodulatory therapies as cortico-
steroids, intravenous immunoglobulin, and plasma exchange. 43  
However, no controlled trials have demonstrated benefi t in 
outcome or mortality related to these. Despite the high mor-
tality and devastating impact of SARS-CoV in 2002, the story 
of its emergence serves to describe a victory due to the 
worldwide public health measures used successfully to bring 
the outbreak under control.

A fourth HCoV, NL63, has also been identifi ed and found 
to cause a signifi cant proportion of acute respiratory disease 
in humans. Initially described in the Netherlands, 50  HCoV 
NL63 now has been demonstrated globally, including Austra-
lia, Canada, Japan, Belgium, China, Switzerland, and the 
United States. 51-54  In the United States, the virus currently 
is named HCoV-New Haven (NH) and most likely repre-
sents the same or closely related species as the NL63 described 
elsewhere. Of 895 children less than 5 years old with acute 
respiratory illness, 8.8% tested positive for HCoV-NH and 
negative for other common viral respiratory pathogens. 51  In 
addition to upper respiratory symptoms, children with HCoV 
NL63 infection can develop croup, asthma exacerbation, 
febrile seizures, and such lower respiratory tract fi ndings as 
tachypnea, abnormal breath sounds, hypoxia, and abnormal 
chest radiographs. 51,52  HCoV NL63 may demonstrate a vari-

able seasonality, ranging from fall and winter in temperate 
zones to spring and summer in tropical zones.

Most recently, a fi fth HCoV, HKU1, has been described. 
Initially demonstrated in a 71-year-old man who returned to 
Hong Kong from an SARS-endemic area of China, 55  a sub-
sequent prospective study of nasopharyngeal aspirates from 
418 patients with community-acquired pneumonia demon-
strated 10 (2.4%) positive for HCoV-HKU1. 56  All 10 cases 
occurred in spring and winter; 9 were adults, and 4 had 
underlying respiratory tract disease. All had symptoms that 
were indistinguishable from other study participants with 
community-acquired pneumonia. The global impact of this 
novel virus remains to be determined.

RHINOVIRUSES

The rhinovirus group is composed of at least 115 unique 
serotypes that are widely known as the agents responsible for 
many of the upper respiratory (“common cold”) symptoms 
in adults and older children. Rhinoviruses have been isolated 
from infants and children hospitalized with LRIs but not at 
rates that differ signifi cantly from children without respira-
tory illnesses. 57  The usual incubation period is 2 to 3 days, 
and the acute symptoms usually last 3 to 7 days. In one ret-
rospective study, the clinical features of 44 rhinovirus culture-
positive children with respiratory symptoms, who were either 
hospitalized or seen in an emergency department, included 
bronchiolitis or pneumonia; sometimes, both conditions were 
found (32 patients). The majority of patients were younger 
than 12 months. Although infrequent, LRIs in children 
infected with rhinoviruses were indistinguishable from those 
caused by RSV. 58  Rhinoviruses appears to have a role in trig-
gering episodes of acute asthma. 59,60 

The routine diagnosis of rhinovirus infections depends on 
tissue culture, although a PCR assay exists that is several 
times more sensitive than culture. Technical diffi culties of 
identifying rhinoviruses in diagnostic specimens may contrib-
ute to an underestimation of their role as causes of LRI. The 
treatment of rhinovirus infections consists of supportive care; 
no antiviral medications are recommended at this time. Great 
attention has been given to possible preventive and therapeu-
tic benefi t of such alternatives as zinc and Echinacea, 
but no controlled studies to date have demonstrated benefi t 
of either.

HERPESVIRUSES

Although uncommon as pulmonary pathogens in healthy chil-
dren, all members of the herpesvirus family (herpes simplex 
virus [HSV] types I and II, varicella-zoster virus [VZV], 
CMV, EBV, HHV-6, HHV-7, and HHV-8) can cause LRI in 
immunocompromised patients, generally hematogeneously 
spread as part of a systemic infection. CMV is primarily of 
concern in the recipients of allogeneic bone marrow trans-
plants, but normal children with lower respiratory tract 
symptoms can also have positive cultures for CMV. Serologic 
studies do not generally support a primary role for CMV in 
LRI among healthy children 17 ; however, pneumonia associ-
ated with acute, primary, systemic CMV infection in other-
wise normal infants has been reported. 61 
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CMV pneumonitis in recipients of bone marrow trans-
plantation most frequently results from reactivation of latent 
virus and less often by transmission via blood products to 
seronegative patients. Graft-versus-host disease is a signifi -
cant risk factor for the development of CMV pneumonitis; 
thus autologous and syngeneic recipients of bone marrow 
transplant are affected much less often. CMV pneumonitis 
commonly presents as a primary pulmonary process charac-
terized by fever, tachypnea, and progressive pulmonary dis-
tress. Diffuse, bilateral pulmonary infi ltrates are generally 
seen on chest radiographs. The diagnosis can be made by 
culture of the virus from bronchoalveolar lavage fl uid or from 
lung tissue, although detection of increased viral load by 
nucleic acid detection methods in the setting of LRI is strongly 
suggestive. The advent of prophylaxis with intravenous gan-
ciclovir or oral valacyclovir in high-risk patients has greatly 
reduced the incidence of CMV during the fi rst 3 months 
after bone marrow transplantation. 62  Ganciclovir is less 
effective in treating CMV pneumonitis in patients after 
disease is clinically apparent.

Herpes simplex pneumonitis is most commonly seen as 
part of perinatally acquired disseminated infections but can 
also be transmitted during resuscitative efforts. Immunocom-
promise of any type is also a risk factor for HSV pneumonitis 
at all ages.

Varicella pneumonitis is a life-threatening complication of 
primary VZV infection in neonates, immunocompromised 
patients, and, rarely, healthy children. VZV is spread by 
aerosolized respiratory secretions, and the initial round of 
viral replication occurs in the lungs. A primary wave of 
viremia then occurs and is followed by further viral replica-
tion in lymphatic tissue. Characteristic cutaneous lesions 
erupt after a secondary viremia. Varicella pneumonitis gener-
ally develops 2 to 5 days after the outbreak of a rash. 63  The 
clinical and radiographic manifestations vary. Asymptomatic 
miliary lung lesions (especially in adult varicella) may later 
become apparent as calcifi ed foci. In others, a mild interstitial 
pneumonia is present, which may be overshadowed by a 
severe bacterial pneumonia caused by such organisms as 
group A streptococci or S. aureus. These are often accompa-
nied by effusions and empyemas and can be extremely diffi -
cult to treat. Varicella alone can cause a progressive, lethal 
pneumonia in immunocompromised patients.

The transmission of VZV to neonates occurs when primary 
maternal chickenpox occurs within 3 weeks of parturition. 
Transplacental transfer of maternal antibody specifi c for VZV 
is minimal if the onset of illness occurs fewer than 5 days 
before birth. Thus, if maternal varicella develops within 5 
days before to 2 days after delivery, systemic disease and 
pneumonitis can develop in the neonate, with an estimated 
case-fatality rate of 5%. 64 

The diagnosis of varicella in normal hosts is generally made 
by clinical observation. Culture or immunofl uorescence stain-
ing of vesicular lesions is important in immunocompromised 
hosts to rule out disseminated herpes simplex infections. 
Serologic antibody tests are useful for assessing immune 
status. γ-Globulin preparations containing high titers of anti-
VZV activity are effective in preventing varicella if given soon 
after exposure. Neonates and immunocompromised children 
are candidates for this treatment. 64  Acyclovir and other 
related agents are the drugs of choice in treating high-risk 

patients and reduce the severity of illness if administered 
within 2 days of the outbreak of a rash. Fortunately, a live 
VZV vaccine has resulted in a signifi cant reduction of primary 
varicella and its complications. 65 

Like the other herpesviruses, EBV produces life-long 
infections and causes a variety of clinical syndromes, includ-
ing infectious mononucleosis, central nervous system 
illnesses, malignant lymphoproliferative diseases, and 
nasopharyngeal carcinoma. Pneumonitis, pneumonia and 
pleural effusion can occur as part of primary EBV infection 
but are uncommon, although perhaps underdiagnosed. In a 
group of 113 normal children with documented EBV-induced 
mononucleosis, 6 children, all younger than 4 years, devel-
oped pneumonia during the illness. 66  Pneumonia was self-
limited in all cases. The diagnosis of primary EBV infection 
is made on clinical grounds in conjunction with serologic tests 
for heterophil antibody or IgM anti-VCA antibody.

HHV-6, the usual causative agent of roseola infantum, has 
been suggested as a possible cause of some cases of interstitial 
pneumonitis in recipients of bone marrow transplants. 67  This 
virus is one of the most ubiquitous of human viruses: More 
than 90% of the population becomes infected by 2 years of 
age. Detection of HHV-6 by culture is not routinely available, 
but the diagnosis of primary infection can be made by evi-
dence of serologic conversion. Reactivation is diffi cult to 
document because a majority of healthy individuals have 
evidence of continuous viral replication in the salivary glands 
and blood. HHV-7, more recently described, appears to have 
similar epidemiology and pathogenicity as HHV-6, whereas 
HHV-8 has a well-known association with Kaposi sarcoma 
in immunocompromised and, rarely, immunocompetent 
patients. Both HHV-7 and HHV-8 appear to cause interstitial 
pneumonitis in bone marrow transplant patients. 68,69  HHV-6, 
HHV-7, and HHV-8 are not thought to cause pneumonia in 
normal persons, and no specifi c therapy is available.

MEASLES VIRUS

Otitis media and pharyngitis are normal components of the 
early phase of measles infection. Bronchitis is common, and 
severe laryngitis may occur occasionally. Pneumonia caused 
by the measles virus probably occurs in at least 50% of chil-
dren. In most cases, it is a mild bronchopneumonia and is 
recognized only by nonspecifi c lower respiratory signs and 
hyperinfl ation on chest radiograph. In other cases the infl am-
mation is more extensive, leading to diffuse infi ltrates or even 
segmental or lobar consolidation on chest radiographs.

Children with measles are prone to secondary bacterial 
infection with organisms such as pneumococci, H. infl uenzae, 
S. aureus, and Streptococcus pyogenes. This is particularly 
important in developing countries, where infection secondary 
to measles is a major cause of death in young children. Measles 
may also have a deleterious effect on the course of tubercu-
losis in malnourished infants.

The immunodefi cient child is prone to develop a progres-
sive and fatal infection that evolves about 3 weeks after 
exposure. The clinical manifestations start with a fever, and 
there may be an atypical rash. Nonspecifi c respiratory symp-
toms and signs evolve over 2 to 3 days. The chest radiograph 
generally shows coarse nodular infi ltrates, and air leaks are 
common.
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or paraffi n-embedded tissues. No specifi c therapy has proved 
effi cacious; however, intravenous ribavirin has been suggested 
based on in vitro data and experience with other 
hantaviruses.

SIMULTANEOUS INVOLVEMENT BY 
MULTIPLE PATHOGENS

Other viruses, C. trachomatis, M. pneumoniae, and B. pertus-
sis, can also be detected in a signifi cant number of young 
children with infections caused by RSV. In the Tucson Chil-
drens’ Respiratory Study, 77  10.9% of previously healthy 
patients with RSV infection were coinfected with another 
potential pathogen as documented by culture or antigen 
detection, and the proportion became even greater when 
serologic results were also extensively used for diagnosis. The 
clinical diagnosis and outcomes were no different among 
patients with RSV alone compared with those already coin-
fected with additional agents. Routine searches for coinfect-
ing agents when a primary pathogen such as RSV is identifi ed 
are not recommended for otherwise healthy infants and chil-
dren. Such extensions of a diagnostic workup are best reserved 
for patients who are known to have signifi cant underlying 
illnesses or patients whose clinical course is not congruent 
with that expected for the pathogen detected.

PROSPECTS FOR PREVENTION 
AND TREATMENT

Current knowledge concerning the major causes of viral LRIs 
and their epidemiology and diagnosis has matured remark-
ably. Exciting advances are now being made in the critical 
areas of immunopathogenesis, molecular virology, and antivi-
ral therapy. Future discoveries will surely provide even more 
rational approaches to prevention and treatment, including 
specifi cally designed peptide vaccines that can more appro-
priately recruit specifi c T-cell populations as allies in long-
lasting protection. Other emerging strategies include 
enhancement of host defenses by cytokine manipulation and 
novel applications of older concepts, such as specifi c antibod-
ies for prophylaxis and treatment. There is considerable cause 
for optimism, in contrast to the state of affairs described by 
Andrewes more than 4 decades ago, when he suggested that 
clinicians should perhaps accept these infections as “one of 
the stimulating risks of being mortal. 78 ”

The diagnosis is usually made on culture from nasopha-
ryngeal secretions or bronchoalveolar lavage fl uid. Occasion-
ally, a lung biopsy may be necessary. The histopathologic 
picture is most often that of giant cell pneumonia with 
infl ammatory cell exudate and thickening of the alveolar 
walls with infl ammatory cells. The alveolar lining cells are 
transformed and contain intranuclear and intracytoplasmic 
inclusions. 70  Rapid diagnosis by immunofl uorescence and 
serologic diagnosis are also possible.

Treatment of measles involves supportive measures and 
close observation for signs of bacterial superinfection. Preven-
tion is available via a live, attenuated vaccine that is highly 
immunogenic but contraindicated in pregnant and immuno-
compromised individuals. Measles pneumonia can be pre-
vented in the immunodefi cient host by active community 
immunization. Those exposed should have immunoglobulin 
as soon as possible after exposure.

Modifi ed measles does occur in the partially immune host 
and presents with fever and an itchy maculopapular rash, 
particularly over the wrists and ankles. Respiratory involve-
ment is relatively common in this type of measles, presenting 
with dyspnea and widespread crackles heard on auscultation. 
The chest radiograph shows hilar adenopathy with nodular 
infi ltrates and frequently a pleural effusion. 71 

HANTAVIRUS

In 1993, an outbreak of acute febrile illness progressing 
within 3 to 5 days to respiratory failure and shock was noted 
in the southwestern United States. The hallmark of this 
syndrome, the hantavirus pulmonary syndrome, is unex-
plained severe noncardiogenic pulmonary edema occurring in 
previously healthy persons. Subsequent studies have impli-
cated at least three different hantaviruses, which are primar-
ily maintained as zoonotic agents in rodent reservoirs. 72  As 
of November 2004, more than 379 cases of hantavirus pul-
monary syndrome had been reported from 31 states in 
the United States, with a case-fatality rate of greater than 
50%. 73-75  Hantavirus pulmonary syndrome has also been 
documented in Canada, Brazil, Argentina, and Paraguay. Few 
cases have been reported in people 16 years or younger, but 
the disease spectrum and mortality are similar to those 
reported in adults. 75,76  The diagnosis can be made by sero-
logic tests, PCR study of frozen tissues, immunochemistry, 
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