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Lower respiratory infection (LRI) is a leading cause of morbidity and
mortality in children worldwide [1]. Upper respiratory infection (URI) is
associated with significant societal costs for children in terms of lost school
days and accounts for numerous health care visits, including unnecessary
antibiotic prescriptions. Viral URI also commonly is associated with acute
otitis media (AOM) in children, which is the most frequent diagnosis leading
to antibiotic prescriptions for young children. Classic epidemiologic studies
using culture and serologic methods have determined many of the etiologic
agents of these common infections, such as respiratory syncytial virus
(RSV), parainfluenza viruses (PIV), influenza virus, coronaviruses, and
rhinoviruses [2,3]. These studies have been unable to identify a specific virus,
however, in greater than 50% of such infections using traditional methods
of viral culture, serology, and newer rapid antigen assays. In recent years,
several novel respiratory viruses associated with acute respiratory tract ill-
ness (ARI) in humans have been identified. Some of these viruses, including
human metapneumovirus (hMPV), human coronavirus–Netherlands
(HCoV-NL), and human coronavirus–Hong Kong (HCoV-HK), likely
have been circulating undetected for decades at least and are better
described as emerging, rather than entirely new. Other viruses, including the
severe acute respiratory syndrome–coronavirus (SARS-CoV), avian-derived
influenza A strains, and Hendra and Nipah viruses, seem to be of more
recent zoonotic origin, however, and truly are new pathogens. The distinc-
tion has important public health implications because of the effects of pre-
existing immunity in the populace as a whole.
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Human metapneumovirus

Discovery

Researchers in the Netherlands reported the finding of a novel para-
myxovirus associated with respiratory tract disease in 2001 [4]. The Dutch
group collected numerous unidentified virus isolates, mostly from children,
over a 20-year period that grew poorly in cell culture. Electron micrograph
and biochemical studies of the virus showed that it was pleomorphic with
a lipid envelope, consistent with a paramyxovirus. Elegant reverse transcrip-
tion polymerase chain reaction (RT-PCR) experiments yielded a genomic
sequence from the virus that identified it as a member of the Paramyxo-
viridae family, which contains many classic childhood viruses, including
mumps, measles, PIV, and RSV. The gene order of the new virus was related
most closely to avian pneumovirus, the sole previous member of the
metapneumovirus genus. Avian pneumovirus was discovered in 1979 and is
an important agricultural pathogen, causing major economic losses owing
to severe respiratory disease in commercial poultry flocks. The new human
metapneumovirus was unable to infect chickens and turkeys, however, and
this combined with sequence comparison showed that it was a distinct
human pathogen. The Dutch group also conducted serologic testing on
archived human serum samples from the 1950s and found that 100% of
subjects older than age 5 years were seropositive for hMPV, suggesting
a high rate of infection early in life and showing that hMPV had been
circulating for at least 50 years.

Diversity

hMPV has a negative-sense, single-stranded RNA genome similar to
other paramyxoviruses, with a lipid envelope containing membrane pro-
teins. Partial gene sequences for many hMPV strains worldwide are now
available, and phylogenetic analysis of these sequences define two major
genetic subgroups of hMPV, A and B, each with two minor subgroups.
These are described presently as genogroups; it has not been shown in
humans that they are antigenically distinct. In one large prospective study,
primary infection during infancy was associated with LRI and subsequent
infections with URI, showing that reinfection with hMPV occurs [5]. It is
unclear whether this is due to infections with different subgroups that do not
induce cross-protective immunity or, more likely, as is the case with RSV, to
partial immunity induced by primary infection that protects the lower but
not the upper respiratory tract against subsequent infection. There are no
data in humans to show that infection with a virus from one subgroup
protects against reinfection with a virus from a different subgroup. Animal
studies suggest, however, that there is cross-protective immunity in hamsters
and primates between hMPV subgroups that protects the lungs against
reinfection [6,7]. These studies have important implications for the



571NEWLY IDENTIFIED RESPIRATORY TRACT VIRUSES
development of candidate vaccines and prophylactic antibodies against
hMPV similar to palivizumab, a monoclonal antibody licensed for
immunoprophylaxis against RSV for premature infants at high risk for
severe disease.

Epidemiology of human metapneumovirus in children

Initial epidemiologic studies of hMPV were primarily retrospective RT-
PCR analyses of diagnostic virology laboratory specimens that were
previously negative for other viruses [8–10]. The percentage of hMPV
detection varied from 6% to 15%, with hospitalization most prominent in
infants and elderly patients. A prospective study of 587 Hong Kong children
(%18 years old) hospitalized for LRI over a 13-month period detected
hMPV in 6% of the children compared with 8% for RSV and 8% for
influenza virus [11]. Canadian investigators detected hMPV in 12 of 208
(6%) children younger than 3 years old hospitalized for ARI [12]. A
prospective study of more than 2000 previously healthy outpatient infants
and children in Tennessee found that 12% of all LRI in that cohort was
attributable to hMPV [5]. In that 25-year longitudinal study, there was
substantial variation in the annual prevalence of hMPV, ranging from none
to 31% of otherwise negative samples in a given year. hMPV is rarely
detected in nasal washes from asymptomatic patients [5,10].

Studies conducted over multiple seasons show that the annual prevalence
of hMPV varies from year to year, suggesting periodic epidemics, and that
strains from different subgroups frequently circulate simultaneously in the
same season. In temperate zones, the seasonal peak of hMPV infections
occurs in late winter and spring months, slightly later than the peak of RSV
infections but overlapping substantially with the RSV season.

Studies of children hospitalized for ARI in diverse regions have found
rates of hMPV associated with 6% to 40% of ARI in a given season [12–27].
The average prevalence in most pediatric populations with ARI studied is
approximately 5% to 10% overall, although it may be much higher during
the peak months of hMPV circulation. With few exceptions, hMPV ranks
after RSV in most studies and has prevalence comparable to that of
influenza virus and PIV.

Hospitalization of children for hMPV infection occurs primarily in the
first year of life, although many studies reported that the peak age of
hospitalization for hMPV is 6 to 12 months of age [10–12,14–16,21–26],
significantly later than the 2-month peak age of hospitalization for RSV.
Whether this age range reflects a difference in the decline of maternal
antibodies, later acquisition of hMPV infection, or developmental airway
physiology is not known. Boys are at greater risk for LRI with hMPV
infection than girls, similar to RSV.

hMPV may be more severe in patients with underlying medical
conditions. Many hMPV studies are of hospitalized patients and subject
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to selection bias. Nonetheless, 30% to 85% of children hospitalized with
hMPV have chronic conditions, such as asthma, chronic lung disease
secondary to prematurity, congenital heart disease, or cancer. Although
most studies were not prospective, the rate of chronic disease was generally
higher in hMPV-infected children than in RSV-infected children [10,
12,16,17,22–25]. A multicenter prospective study examined 641 children
younger than 5 years old hospitalized for ARI or fever and found that 54%
of children hospitalized with hMPV had underlying conditions versus 29%
of RSV-infected patients (P ! .05) [25].

Clinical presentation

hMPV is associated with a variety of respiratory symptoms and
diagnoses. Children with hMPV infection typically present with URI
symptoms, such as rhinorrhea, cough, and fever. The duration of symptoms
before seeking medical attention is usually less than 1 week, and limited data
suggest that children may shed virus for 1 to 2 weeks [5,10,19]. Symptoms
such as conjunctivitis, vomiting, diarrhea, and rash are reported occasion-
ally, but are not prominent in most studies. Only one study detected hMPV
by RT-PCR in patients’ serum [14], suggesting that similar to RSV, hMPV
infection is limited to the respiratory tract. The clinical LRI syndromes
associated with hMPV are bronchiolitis, croup, pneumonia, and asthma
exacerbation. In the Tennessee study of previously healthy outpatients, the
hMPV-infected children were diagnosed with bronchiolitis (59%), croup
(18%), asthma (14%), and pneumonia (8%) [5]. In that prospective study,
however, hMPV was less likely to be associated with croup than PIV and
less likely to be associated with pneumonia than influenza virus. A similar
spectrum of diagnoses is seen in most studies of hMPV-associated LRI, and
signs and symptoms of hMPV infection overlap sufficiently with the signs
and symptoms of other common respiratory viruses that reliable distinction
cannot be made clinically.

In a study of more than 2400 distinct episodes of URI in previously
healthy outpatient children, hMPV was associated with URI at rates similar
to RSV, PIV, and influenza virus (John V. Williams, MD, et al, unpublished
data). Of the children, 54% also were diagnosed with AOM, suggesting that
hMPV is associated with a substantial proportion of AOM in otherwise
healthy children. AOM is the most common reason for antibiotic
prescription to children, and URI and AOM have significant economic
impacts owing to time lost from school and work. hMPV likely has
substantial medical and economic effects nationally. The only published
study to examine the socioeconomic impact of hMPV directly was an Italian
study of 42 hMPV-infected children seen in the emergency department in
which questionnaires were administered to subjects’ parents [26]. In 12% of
subjects’ households, other family members had similar illnesses. Parents
reported a median of 4 lost working days (range 2–10), and older children



573NEWLY IDENTIFIED RESPIRATORY TRACT VIRUSES
reported median 4 lost school days (range 3–15). These findings were similar
for children infected with RSV or influenza virus in the same study
population.

Human metapneumovirus in high-risk pediatric populations

Several investigators have examined a potential relationship between
hMPV infection and asthma. A prospective Australian study of outpatient
children with asthma did not find an association between hMPV and asthma
exacerbations [28], whereas a large prospective study of 2000 outpatient
children found a highly significant association between hMPV and the
diagnosis of acute asthma exacerbation [5]. A Finnish study found elevated
interleukin-8 in nasal secretions from hMPV-infected infants [29], whereas
another study from Argentina found decreased interleukin-8 and other
cytokines in nasal washes of hMPV-infected infants compared with infants
infected with RSV [30]. All such studies are complicated by the difficulty of
assigning the diagnosis of asthma during infancy, when acute wheezing
associated with viral infections is common.

hMPV is capable of causing severe and even fatal infections in
immunocompromised hosts. There are two reports of fatal infection
attributed to hMPV in cancer patients, a 33-year-old woman with leukemia
who was 7 days status post hematopoietic stem cell transplant and a
17-month-old girl with relapsed leukemia [31,32]. The 17-month-old patient
had had another unexplained LRI 1 year previously during chemotherapy
for leukemia. Postmortem RT-PCR on respiratory samples from both
illnesses detected hMPV in both, but from two distinct strains. Studies the
author’s group is conducting in adult and pediatric patients with cancer,
including hematopoietic stem cell transplant recipients, suggest that hMPV
is a relatively common cause of acute respiratory infection in these patients,
with significant morbidity and mortality (John V. Williams, MD, et al,
unpublished data). Further long-term prospective studies are needed to
characterize fully the extent and severity of disease secondary to hMPV in
immunocompromised children.

Coinfections with human metapneumovirus and other viruses

All epidemiologic studies of hMPV that have tested for other viruses have
found coinfection rates of 5% to 17%, usually with RSV, and most have not
noted more severe disease in these coinfected patients. A few studies of
hospitalized patients have noted much higher coinfection rates of 30% to
60% [15,29,33–35], some of these authors suggesting that hMPV infections
may be more severe if another virus is present. One British group addressed
this question by using a nested RT-PCR assay to test bronchoalveolar
lavage fluid from 30 intubated infants with RSV infection and detected
hMPV in 21 of 30 (70%) [36]. The authors subsequently used the same
nested assay to test respiratory specimens from children admitted to the
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pediatric intensive care unit (ICU) and the general wards. hMPV and RSV
coinfection was detected in 18 of 25 (72%) pediatric ICU patients and 15 of
171 (9%) general ward patients [37]. The authors concluded that dual
infection with RSV and hMPV was associated with severe bronchiolitis. A
Connecticut study of 46 inpatients with either mild or severe RSV disease
found no coinfections with hMPV, however [38]. Whether these conflicting
findings are due to methodologic differences or geographic variability in
circulating virus strains is unknown. Further prospective studies are needed
to clarify the nature of disease associated with coinfections.

Coronaviruses

Human coronaviruses were discovered in the 1960s by researchers
studying the etiology of URI in children and young adults [39]. Three major
serologic groups of coronaviruses have been described. Two prototypic
human viruses, each belonging to a different serologic group, originally were
detected in patients who presented with URI. The group I strain, 229E,
and group II strain, OC43, were the only extensively studied human
coronaviruses until the identification of SARS-CoV in 2003. Coronaviruses
are difficult to cultivate in tissue cell culture, so most epidemiologic studies
have been based on serologic methods and likely have underestimated the
extent of disease associated with human coronavirus. Early, large
epidemiologic studies in the United States noted that human coronaviruses
229E and OC43 caused numerous respiratory infections with an incidence
that peaked in late winter or early spring. In addition, the predominant type
of coronavirus infection changed every 2 to 3 years, with the two identified
human coronaviruses causing about 15% of URI, but ranging from 1% to
35% depending on the specific year [39]. The human coronaviruses
originally were thought to cause only URI until the discovery of patients
with pneumonia during outbreaks of human coronavirus [40]. Numerous
studies now have described the role of human coronaviruses OC43 and 229E
in LRI in young children [41–47].

Severe acute respiratory syndrome–coronavirus

In fall 2002, a mysterious new respiratory illness appeared in the
Guangdong province of China. The illness was associated with hypoxia and
rapid respiratory failure and was designated as SARS, although there were
other systemic manifestations of disease. Although a subset of SARS cases
also had hMPV and other viruses detected, a novel coronavirus (SARS-
CoV) was determined to be the primary etiology of SARS [48–50]. Between
November 2002 and July 2003, the SARS-CoV infected more than 8000
people and caused almost 800 deaths in 32 countries. Serologic evidence of
previous infection in healthy humans was not detected, suggesting that
SARS-CoV had emerged recently in the human population. A coronavirus
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with more than 99% nucleotide homology to SARS-CoV was isolated from
Himalayan palm civets and raccoon dogs found in live animal markets in
Guangdong, suggesting these as possible animal reservoirs [51].

The primary manifestation of SARS-CoV infection in adults is febrile
LRI, with diffuse lung involvement and profound hypoxia. Other organs are
affected, however, and diarrhea, lymphopenia, and hepatic abnormalities
have been described. Overall mortality in adults is 10% to 17% [52]. The
disease seems to have a much milder course and more favorable outcome in
children, however. The first reported series of 10 children with SARS noted
no deaths [53]. All children had fever and lymphopenia, and 9 of 10 had
abnormal chest radiographs. All received corticosteroids and defervesced
within 48 hours. Only 1 older child required mechanical ventilation.

Another institution in Hong Kong reported on 21 patients with a mean
age of 11 years (range 10 months–17 years) [54]. All of the children
presented with fever, and most had cough. Younger children were more
likely to present with rhinorrhea and cough, whereas children older than 12
years were more likely to complain of malaise, myalgias, chills, and rigors.
Although 57% of children had lymphopenia at presentation, 90% of
children developed lymphopenia during the illness. Older children had
generally more severe disease compared with younger children. Children
older than 12 years were more likely to have higher fever for longer
duration, develop thrombocytopenia, require steroid therapy, and have
chest radiograph progression. Many children in both age groups had mild
chemical hepatitis that resolved. All children developed radiographic
abnormalities during the course of the illness, most commonly unilateral
focal opacity, with occasional multifocal or bilateral opacities. Of the
children, 86% had progression of the radiographic findings during the
illness, but all had resolved by 2 weeks. Only 2 patients required
supplemental oxygen, and none required mechanical ventilation.

A subsequent study reported 44 children with serologically confirmed
SARS, including many from the two previous reports [55]. Half were male;
the mean age was 12 years (range 50 days–18 years). All children presented
with fever, and 64% presented with cough. Nausea and vomiting also were
common. Younger children were more likely to have rhinorrhea, whereas
older children were more likely to experience malaise, headache, and
myalgia. None of the children had wheezing on physical examination, and
few had crepitations. Three quarters of the children had lymphopenia at
presentation, and 86% developed lymphopenia during their illness. Other
hematologic abnormalities present during the course of infection included
neutrophilia in 52%, thrombocytopenia in 27%, and anemia in 5%. Half of
all patients had transient elevations of alanine aminotransferase and lactate
dehydrogenase, and 39% had prolonged activated partial thromboplastin
time, although none of the children had clinical jaundice or bleeding. Nine
patients developed hypoxia; five of these were cared for in the ICU, and three
were mechanically ventilated. Forty-two children were treated with ribavirin,
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and 37 were treated with steroids. Although there was no control group,
a close temporal association was observed between steroid administration
and clinical and radiologic improvement. None of the children died. There
were 10 deaths among the adult family members of this pediatric cohort,
emphasizing the difference in mortality between children and adults.

One study examined 47 serologically confirmed pediatric SARS cases
6 months after their acute illness [56]. Mild residual changes were seen on
high-resolution chest CT in 34%. Younger children who had not required
oxygen during acute illness were more likely to have normal studies. Four
children had mild residual abnormalities measured by pulmonary function
testing, but none of the children had residual clinical symptoms.

Maternal-fetal transmission of SARS-CoV has not been documented,
although only one study addressed this important pediatric issue [57]. Five
infants born to mothers with SARS were tested extensively by RT-PCR and
viral culture on multiple body fluids, routine laboratory tests and chest
radiographs, and serologic testing. No evidence for SARS-CoV infection
was found in any of the infants. Two infants had gastrointestinal
complications that may have been related to prematurity.

SARS-CoV infections in children seem to be relatively mild compared
with adults. Two patterns of illness are seen. Younger children present with
more prominent rhinorrhea, cough, and often diarrhea, whereas older
children present with malaise, myalgias, chills, and rigors similar to adult
disease. Fever, lymphopenia, and radiographic abnormalities are prominent
at all ages. In contrast to other common respiratory viruses, male sex did
not seem to be a risk factor for more severe disease because boys and girls
were equally represented among hospitalized patients. Although older
children are more likely to have hypoxia and a prolonged course, virtually
all children recover completely without significant long-term sequelae.

Human coronavirus–Netherlands

Since the discovery of SARS-CoV, two groups in the Netherlands almost
simultaneously published the discovery of another human coronavirus
tentatively named HCoV-NL. HCoV-NL originally was cultured from
respiratory specimens collected from infants with bronchiolitis [58].
Subsequently, Van der Hoek et al [58] tested respiratory specimens of
hospitalized patients and outpatients collected from December 2002 to
August 2003 and detected seven HCoV-NL-positive specimens in patients
with ARI. Overall, 7 of 614 samples (1%) tested positive, but 7% of samples
collected during January contained HCoV-NL RNA. Five of the seven
samples were from infants, with a mean age of 8 months (range 4–11
months), three with URI and two with LRI. HCoV-NL was detected in
specimens only from December through February. Sequencing of the
isolates showed that HCoV-NL is a group I coronavirus most closely related
to 229E. Another group in the Netherlands, which had discovered the virus
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independently, detected HCoV-NL in 4 of 139 (3%) respiratory samples
[59]. The patients were three infants age 3 to 4 months and a 10-year-old
child. All had presented with rhinorrhea, fever, and cough, and three had
underlying conditions.

Canadian researchers tested specimens previously negative for other
viruses collected from patients with ARI from several provinces and
detected HCoV-NL in 19 of 525 (4%) [60]. Of these, 8 were in children
younger than 5 years old, in whom the rate was higher (8 of 110, 7%).
HCoV-NL was detected from January through March, but in only 1 of 2
study years. This is similar to OC43 and 229E, which are known to cause
epidemics in 2- to 3-year cycles. The HCoV-NL-infected children were 85%
male and presented with URI and LRI illnesses, including bronchiolitis.

Investigators in the United States screened 1265 specimens from children
younger than 5 years old collected over 1 year, who previously had been
negative for other viruses, and detected HCoV-NL by RT-PCR in 79 of
1265 (6%) [61]. Nine of 76 (12%) were coinfected with another virus, most
with RSV. HCoV-NL was detected predominantly in the months of January
and February; 67 patients had HCoV-NL detected as a sole agent. Eleven of
these patients had been hospitalized since birth in the neonatal ICU and
potentially had nosocomial infections. The mean age of the HCoV-NL-
infected children was 6.5 months (range 1 day–5 years). Sixty-three percent
were younger than 1 year old, 34% were younger than 3 months old, and
62% were male. The most common presenting signs and symptoms in non–
neonatal ICU patients were cough in 77%, rhinorrhea in 68%, fever and
tachypnea in 54%, and adventitious lung findings in 43%. One third of these
children had hypoxia, wheezing, or retractions. Twenty of 31 had abnormal
chest radiographs, mostly with peribronchial cuffing. Information on
clinical diagnoses, duration of hospitalization, treatment, and outcome
was not provided. The clinical description of these children, winter
occurrence, and chest radiograph findings suggest, however, an illness
consistent with typical viral bronchiolitis caused by RSV or hMPV. Further
prospective studies are needed to clarify the clinical presentation and course
of illness with HCoV-NL. A major limitation of all of these studies is that no
control groups were included to examine asymptomatic carriage and
strengthen the case for a causal relationship between HCoV-NL and ARI.

Avian influenza virus

Influenza has been well described as an important respiratory pathogen
in young children, with the greatest morbidity and rates of hospitalization in
young infants [62,63]. The major hemagglutinin types associated with
disease in humans are H1 and H3, and these are the most important
protective antigens. Severe pandemics of influenza occur as a result of
major antigenic changes in the hemagglutinin (antigenic shift) caused by
reassortment of one or more of the genomic segments, introducing novel
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strains into circulation. The lack of preexisting immunity in most or all of
the population allows pandemics to occur, and disease may be more severe
because of the lack of even partially protective immunity. Avian influenza
viruses carry novel hemagglutinins, such as H5, H7, and H9, but generally
do not replicate efficiently in humans. Reassortment with human strains can
allow a recombinant virus to emerge, however, that is highly pathogenic and
infectious for human hosts. This reassortment between human and avian
strains is though to occur primarily in pigs, which are susceptible to
infection by both strains. Numerous outbreaks of such novel avian influenza
viruses have been reported in recent years. Almost all have been linked
epidemiologically to close contact with poultry, chiefly chickens or ducks,
and human-to-human transmission has been documented rarely.

Mild respiratory disease in two children caused by reassortment human-
avian influenza strains was reported in the Netherlands in 1994 [64]. In 1997,
a 3-year-old boy in Hong Kong died as a result of acute respiratory failure
and multiorgan system dysfunction secondary to an H5 influenza strain.
Genetic analysis of the virus showed that it was an avian strain [65]. In that
outbreak, five other children younger than age 18 were infected. A 13-year-
old girl died of acute respiratory failure and multiorgan system dysfunction,
a 2-year-old boy was hospitalized for 3 days with pneumonia, and three
other children experienced uneventful URI. Twelve cases were reported,
with more severe disease and a higher fatality rate in the adults [66].

Several sporadic outbreaks of avian influenza have occurred since the
1997 cases. There were two confirmed H5N1 cases and one probable H5N1
case in Hong Kong in February 2003 [67]. A 33-year-old man developed
fatal progressive respiratory failure, and his 8-year-old son recovered from
respiratory disease after a prolonged hospitalization. Both patients had
profound lymphopenia, hypoxia, and consolidation of chest radiographs.
The family had a 7-year-old daughter who had died of a febrile pneumonia 1
week before the father’s illness, but she had not been tested for influenza.
Two cases of H9N2 avian influenza infection of humans occurred in Hong
Kong, one a child, with typical influenza symptoms of fever, rhinorrhea, and
cough [68]. Both patients fully recovered. From January to March 2003,
there were 34 cases of confirmed H5N1 infection in humans in Thailand and
Vietnam [69,70]. Of the five laboratory-confirmed cases in Thailand with
clinical data provided, four were boys age 6 to 7 years. All had fever, cough,
and tachypnea. Lymphopenia and elevated transaminases were common.
All patients had abnormalities on chest radiograph consisting of focal
consolidation or multifocal opacities, and all required mechanical ventila-
tion. These 4 children all died, and overall mortality in the Thailand
outbreak was 8 of 12 (67%). In January 2004, 10 H5N1 cases were reported
in Vietnam. Eight patients were 18 years old or younger, with a mean age of
12, and the youngest child was 5. All patients had fever, tachypnea, cough,
and hypoxia. Five had diarrhea, and none of the children had myalgia,
rash, or conjunctivitis. Prominent laboratory abnormalities included
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lymphopenia, thrombocytopenia, and elevated transaminases. All had focal
consolidation or extensive infiltrates on chest radiographs, which worsened
significantly during the course of illness. All developed respiratory failure
requiring mechanical ventilation, and seven of eight children died, despite
aggressive supportive care and treatment with oseltamivir, ribavirin, or
steroids for acute respiratory distress syndrome.

Subsequently, two other children were identified with probable or
confirmed H5N1 infection during the same outbreak [71]. A 9-year-old girl
presented with fever, watery diarrhea, hypotension, and depressed level of
consciousness. Laboratory studies, including cerebrospinal fluid, were
normal. She had rapidly progressive hemodynamic instability and coma
and died the next day. Eight days later, her 4-year-old brother developed
fever, headache, vomiting, and severe watery diarrhea. His initial diagnostic
studies were remarkable only for elevated transaminases. He developed
pneumonia and depressed mental status, became comatose, and died of
respiratory failure 5 days after admission. During the course of his illness, he
developed lymphopenia, thrombocytopenia, and bilateral infiltrates on chest
radiograph. Cerebrospinal fluid was remarkable only for elevated protein.
He was given the diagnosis of encephalitis, and postmortem testing detected
H5N1 influenza by RT-PCR in cerebrospinal fluid, serum, and throat and
rectal swabs, and culture of cerebrospinal fluid grew H5N1 influenza virus.
No testing was done on his sister, but it is highly likely that she also was
infected with H5N1. Neither child presented with respiratory symptoms,
and the sister never had respiratory disease. Both had had significant
exposure to ducks and chickens.

Avian influenza virus strains have the potential to be highly pathogenic in
humans, and disease seems to be at best only slightly less severe in children.
Most cases, but not all, have clear exposure to domestic fowl. Human-
to-human transmission is rare. Most children present with fever, rhinorrhea,
and cough, and lymphopenia, thrombocytopenia, and elevated trans-
aminases are common. Some children can present with gastrointestinal
disease alone. There are insufficient data to determine the efficacy of the
neuraminidase inhibitors, oseltamivir and zanamivir, or the adamantanes,
amantadine and rimantidine. The potential for widespread pandemics exists,
and it is likely that more cases will be seen in sporadic outbreaks.

Hendra and Nipah viruses

Novel paramyxoviruses have been identified in Australia and Malaysia
associated with acute febrile encephalitis and respiratory tract disease in
humans. Hendra virus infected three adults, two of whom died with
pneumonitis and multiorgan failure, and numerous horses [72]. No pediatric
cases have been reported yet. The closely related Nipah virus was identified
during an outbreak in Malaysia during 1998–1999 that included more than
250 patients [73]. Most presented with fever, headache, and vomiting, and
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half had a depressed level of consciousness; 14% of the patients had cough,
but respiratory or multiorgan system disease was less prominent than
neurologic disease. A variety of neurologic symptoms were noted, primarily
related to brainstem and spinal cord involvement. One third of the patients
died, and 28% of the survivors had neurologic sequelae. Most of the
patients were men who were pig farmers, and only a few children were
affected, the youngest age 13 years. In Bangladesh in 2001 and 2003, there
were outbreaks of a Nipah-like virus involving 13 and 12 patients [74].
Several children, the youngest age 4 years, were infected in each outbreak,
and the overall mortality was 67%. Similar to the Malaysian outbreak, the
most prominent symptoms were fever, headache, vomiting, and an altered
level of consciousness. Respiratory illness was much more common in the
Bangladesh cases, however, with 64% having cough and dyspnea. Whether
the increased involvement of the respiratory tract was due to differences
between virus strains is not known. Epidemiologic investigations iden-
tified fruit bats of the Pteropus genus as asymptomatic carriers of Hendra
and Nipah viruses and possible animal reservoirs. Further outbreaks have
not been reported, and these viruses have not yet been detected in other
geographic regions. Their apparent virulence for humans warrants further
research and surveillance for similar viruses in other populations.

Summary

Several emerging or truly novel respiratory tract viruses affecting
children have been described in recent years. The most important of these
novel viruses in children seems to be hMPV. hMPV is a common cause of
URI and LRI in healthy infants and children and those with underlying
medical conditions. Clinical disease resulting from hMPV is most similar to
that caused by RSV. hMPV may be more severe in children with underlying
conditions and has been associated with fatal disease in immunocompro-
mised hosts. Further outbreaks of SARS-CoV have not occurred, but
children younger than 12 years old with SARS have a relatively mild course
and good prognosis. Older children are more likely to present with severe
respiratory disease similar to adults. The coronavirus HCoV-NL seems to
be a less common cause of ARI, but its full epidemiology and clinical
spectrum of disease have not been defined. The emergence of avian
influenza viruses in humans is highly concerning for potential pandemics.
Avian influenza viruses have extreme virulence in children, with
multiorgan disease and high mortality. Suspicion for the presence of avian
influenza relies heavily on epidemiologic risk factors, such as exposure to
poultry or travel to endemic regions. Nipah and Hendra viruses have been
associated with severe encephalitis and pneumonitis in children and adults,
although these viruses have not yet been detected in Europe or the
Americas.
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