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Severe Lower Respiratory Tract lliness Caused
by RSV and Influenza Virus Is Characterized by
Inadequate Cytotoxic Lymphocyte Responses

espiratory syncytial virus (RSV) and influ-
Renza virus are common causes of lower

respiratory tract infection (LRTI) in young
children. In infants, RSV and influenza LRTI can
be severe, and RSV infection is the most frequent
cause of hospitalization of infants in the United
States. Both viral replication and inappropriately
enhanced immune responses (particularly lym-
phocyte responses) are believed to contribute to
disease severity. Welliver and colleagues con-
ducted the present study to elucidate the patho-
genesis of LRTI caused by RSV and influenza virus
infections in infants.

Two population groups of children were
included in the study. One group consisted of
surviving infants <12 months of age with RSV
(n=36) or influenza virus (n=36) infection of the
upper respiratory tract (URTI) or LRTI, and a sec-
ond group of infants had fatal LRTI infected with
RSV (n=9) or influenza virus (n=11). Nasopharyn-
geal secretions were collected from infants sur-
viving RSV and influenza virus infections for
measurement of cytokines and chemokines. Lung
tissues obtained from infants with fatal cases of
RSV and influenza virus LRTI were used to assess
the types of inflammatory cells and to detect the
presence of lymphotoxin granzyme and the
apoptosis marker caspase 3.

Surviving infants with RSV bronchiolitis had
longer duration of hospitalization (4.8 versus
2.4 days; P=0.004) and lower oxygen saturations
(93% versus 95%; P=0.0002) than those with
influenza virus bronchiolitis. For both types of
viral infection, none of the cytokines measured
was found in higher concentrations in infants
with LRTI compared to those with URTI.

Most of the 17 cytokines and chemokines measu-
red in nasopharyngeal secretions were present in
lower quantities (P<0.0001) or less frequently
detected in infants with RSV infection than in
those with influenza virus infection. For instance,
T lymphocyte-derived cytokines, interleukin-2
(IL-2), IL-4, IL-17, and interferon (IFN)-y were
nearly undetectable in infants with RSV LRTI.
In contrast, these mediators were all at higher
concentrations or frequently detected in infants
with influenza virus LRTI. Furthermore, although
only one specimen was obtained from each
patient, the concentrations of T lymphocyte
cytokines in infants with RSV LRTI declined with
time after onset of wheezing, therefore, there
was no evidence of lymphocyte activation by RSV
infection was detected over this interval.
Additionally, cytokines released by other
cell types, such as macrophage-associated IL-12,
macrophage chemotactic protein (MCP)-1 and
IL-6, as well as IL-1B, IL-7, and IL-10, were all in
reduced concentrations (P<0.0001) in infants
with RSV infection, as compared to those with
influenza virus infection. In contrast, cytokines
granulocyte-macrophage colony-stimulating
factor (GM-CSF), G-CSF, tumor necrosis factor
(TNF)-0, and macrophage inflammatory protein
(MIP)-1 (notably released from epithelial cells)
were present in comparable concentrations in
children with RSV and influenza virus infection.
Viral replication was evaluated in lung
tissues from infants with fatal LRTI. Influenza
viral antigen was detectable primarily in the
epithelium of larger airways, whereas RSV
viral antigen was more extensively present in
both epithelium and exfoliated epithelial cells
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RSV concentrations were
significantly higher in
children who presented to
the emergency department
earlier in their illness than

those who presented later

during their disease process.
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Severe LRTI Caused by RSV and Influenza Virus (continved)

obstructing the lumen of small airways. Damage
to the bronchiolar epithelium was also greater in
the lung of fatal RSV bronchiolitis.
Immunohistochemical staining of lung tissue
revealed a low frequency of CD4, CD8 (cytotoxic
T cells), and CD56 (natural killer cells) antigen-
positive lymphocytes in fatal RSV and influenza
virus bronchiolitis. Granzymes, a lymphotoxin
product of lymphocytes, were also rarely de-
tected in the lung of bronchiolitis. In contrast,
strongly positive signals for neutrophils and
macrophage antigen CD16 and apoptosis marker
caspase 3 were observed in lung tissue of infants
with fatal RSV and influenza virus bronchiolitis.
Welliver and colleagues concluded that
fatal LRTI caused by RSV and influenza virus was

COMMENTARY

characterized by low cytotoxic T lymphocyte
responses, robust viral application, and increased
apoptosis. The authors proposed that the patho-
genesis of fatal RSV and influenza virus LRTI
results from the absence of T lymphocyte
activation, which is required for eradication of
virus-infected respiratory epithelial cells, and
replacement with cellular apotosis as a mecha-
nism for clearing virus.

Welliver TP, Garofalo RP, Hosakote Y, et al. Severe hu-
man lower respiratory tract illness caused by respiratory
syncytial virus and influenza virus is characterized by the
absence of pulmonary cytotoxic lymphocyte responses.
J Infect Dis. 2007;195:1126-1136.

JAY M. LIEBERMAN, MD, Chief, Pediatric Infectious Diseases, Miller Children’s Hospital,

Long Beach, California.

This interesting and important report from Welliver and colleagues challenges the widely held belief that the
severity of RSV infection is related to the degree of the host’s immune response. This concept, to a large degree,
derives from experience with the investigational, formalin-inactivated RSV vaccine that was evaluated in the
1960s. Vaccinated children developed more severe lower respiratory tract illness when they were subsequently
infected with RSV than did control subjects, and two otherwise healthy infants died of RSV infection. Autopsies
on these infants showed a prominent eosinophilic and lymphocytic infiltration. However, the pathogenesis of
lower respiratory tract RSV infection has not been well described or understood. In this study, US infants who
survived RSV LRTI had significantly lower quantities of lymphocyte-derived cytokines detected in their
nasopharyngeal secretions that did infants with influenza virus LRTI. Similarly, lung tissue from infants from Chile
with fatal RSV infection demonstrated high quantities of viral antigen, but a near absence of cytotoxic T cells,
findings that were markedly different than those of infants who had died from influenza. The idea that the
development of RSV bronchiolitis is dependent on over-responsiveness of cytotoxic lymphocytes has led to efforts
to decrease this response with the use, for example, of corticosteroids. However, corticosteroids have not been
found to positively impact the course of disease. The findings reported in this paper, if confirmed, suggest that
greater efforts should be spent on developing effective anti-viral agents.

Inflammatory Response Is Not Associated
With Severity of RSV Bronchiolitis

ronchiolitis, a virus-induced respiratory

disease, is the number one health problem
in children younger than 2 years in the United
States. Approximately 300,000 children are hos-
pitalized annually because of this disease. Respi-
ratory syncytial virus (RSV) is the most common
pathogen in bronchiolitis and in lower respira-
tory tract disease in children. Both proinflamma-
tory and anti-inflammatory mediators have been
shown to be involved in the RSV infection. To
gain insight into the immunopathogenesis of
RSV bronchiolitis, Bennett and colleagues
conducted a prospective cohort study to evaluate
the relationship between RSV infection and
inflammatory mediators, cytokines and chemo-
kines, and the impact of these factors on the
severity of RSV-infected bronchiolitis.

Children <24 months old who presented to
the emergency department with clinical symp-
toms of bronchiolitis during a 17-week RSV out-
break between November 2004 and February
2005 were enrolled in the study. Nasal-wash

2

samples were collected for identification of viral
pathogens, as well as for measurement of RSV
and cytokine/chemokine concentrations. Severe
cases of bronchiolitis, defined as those requiring
hospitalization, and further determined on the
basis of the duration of supplemental-oxygen
and/or intravenous-fluid (IVF) therapy, were
evaluated in children with RSV bronchiolitis or
with non-RSV bronchiolitis.

Among 101 children enrolled, 63 children
were infected with RSV, 13 children were
infected with other respiratory viruses (5 with
picornavirus, 3 with adenovirus, 2 with human
metapneumovirus, and 1 with cytomegalovirus,
1 with influenza type B, and 1 with parainflu-
enza virus), and in 22 children there was no virus
detected. The impact of age on infection status
and outcome measures was studied in 4 age
groups; 0<3, 3<6, 6<12, and 12<24 months.
Children at younger age, <6 months, had higher
risk for RSV infection (P<0.05), as well as higher
need for hospitalization (P<0.05), than those at

Continued
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Inflammatory Response (continved)

6<24 months of age. There was a significant posi-
tive correlation between age and RSV concentra-
tion (r =0.26; P=0.04). Additionally, RSV concen-
trations were significantly higher in children who
presented to the emergency department earlier
in their illness than those who presented later
during their disease process (P=0.04).

When compared with children with non-RSV
bronchiolitis (n=34), children with RSV bronchio-
litis (n=62) had a robust inflammatory response.
A significantly profound increase in the concen-
trations of nasal-wash cytokines and chemokines,
including interleukin-6 (IL-6), IL-8, IL-1B, inter-
feron (IFN)-y, macrophage inflammatory protein
(MIP)-1B, tumor necrosis factor (TNF)-o, granulo-
cyte-macrophage colony-stimulating factor (GM-
CSF), and G-CSF, were observed in children with
RSV bronchiolitis (P<0.01 and P<0.05). However,
the greater inflammatory response observed in
children with RSV bronchiolitis was not associ-
ated with more severe bronchiolitis. The fre-
quency of hospitalization, supplemental oxygen
therapy for >24 hours, and need for IVF for >24
hours were not significantly different between
children with RSV and non-RSV bronchiolitis.

Furthermore, evaluation of the relation
between the levels of inflammatory mediators
and the severity of the disease in 63 RSV-infected
children also showed that the concentrations of
cytokines and chemokines in these children were
not significantly different with respect to the
need for hospitalization or the duration on IVF
therapy. Interestingly, the concentrations of
proinflammatory mediators, such as, IL-6, IL-8,
IFN-y, and MIP-1B, as well as IL-10, were inversely
associated with the duration of supplemental-
oxygen therapy (P<0.05).

The authors concluded that in children
with RSV bronchiolitis, the robust inflammatory
response caused by the infection was not associ-
ated with more severe bronchiolitis. On the
contrary, an early elevated proinflammatory
response (IL-6, IL-8, IFN-y, and MIP-1p), as well
as of the regulatory cytokine (IL-10), may be
protective against hypoxia in RSV bronchiolitis.

Bennett BL, Garofalo RP, Cron SG, et al. Immunopatho-
genesis of respiratory syncytial virus bronchiolitis.
J Infect Dis. 2007;195:1532-1540.

Clinical Insights® in Pediatric Respiratory Care Post-Test

1. Which of the following statements is false regarding immune responses and fatal infantile LRTI

caused by RSV or influenza virus?

a. Lymphocyte-derived cytokines, such as IL-2 and IL-4, are present in higher concentrations in
respiratory secretions of infants with influenza virus LRTI than in those with RSV LRTI
b. CD8 antigen is detected in very low numbers of lymphocytes in lung tissues of infants with fatal

RSV LRTI and fatal influenza virus LRTI

¢. Cytokines from epithelial cells are present in equal concentrations in children with RSV and

influenza virus infection

d. Lymphocyte-derived cytokines are more frequently detected in the secretions of infants with
RSV LRTI than in those with influenza virus LRTI

2. Which of the age groups has the highest risk for RSV bronchiolitis requiring medical evaluation in

the emergency department?
a. 0<6 months

b. 6<12 months

c. 12524 months

d. 24<36 months
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PLEASE PRINT CLEARLY:
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Overall Program

1.

Strongly Strongly

The activity met the stated objectives in such a way that | am better able to: Disagree Disagree Agree Agree
a. Understand the need of the immune response for infants to survive lower

respiratory tract infection (LRTI) caused by RSV or influenza virus 1 2 3 4 5
b. Recognize that on occasion RSV and influenza virus can cause a fatal LRTI

in infants 1 2 3 4 5
¢. Understand that an early, robust inflammatory response is associated with

protection against hypoxia in RSV bronchiolitis 1 2 3 4 5

. Overall, the activity was presented in a fair-balanced manner. [ Yes [J No*

* If you checked “"No,” please explain.

. Overall, the activity was free of commercial bias. [ Yes [ No*

* If you checked “No,” please explain.

. In reflecting on your practice, what type of impact will this educational activity have?

[l Recognize the characteristic criteria for diagnosis of severe LRTI in infants
[0 Understand the benefit of the immune response in protecting against RSV and influenza virus LRTI
(Please specify what information you would require.)

1 will:

[] Consider obtaining nasopharyngeal samples for virus detection as a tool for differential diagnosis of LRTI caused by
RSV and influenza virus

[0 Understand that the inflammatory response caused by RSV infection does not predict the severity of RSV bronchiolitis in
young children

What topics should be dealt with in more detail? (List topics.)

Thank you for your participation.
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