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Background. Respiratory syncytial virus (RSV) and influenza virus are common causes of infantile lower

respiratory tract infection (LRTI). It is widely believed that both viral replication and inappropriately enhanced
immune responses contribute to disease severity. In infants, RSV LRTI is known to be more severe than influenza
virus LRTI.

Methods. We compared cytokines and chemokines in secretions of infants surviving various forms of respiratory
illness caused by RSV or influenza viruses, to determine which mediators were associated with more-severe illness.
We analyzed lung tissue from infants with fatal cases of RSV and influenza virus LRTI to determine the types of
inflammatory cells present. Autopsy tissues were studied for the lymphotoxin granzyme and the apoptosis marker
caspase 3.

Results. Quantities of lymphocyte-derived cytokines were minimal in secretions from infants with RSV infec-
tion. Concentrations of most cytokines were greater in influenza virus, rather than RSV, infection. Lung tissues
from infants with fatal RSV and influenza virus LRTI demonstrated an extensive presence of viral antigen and a
near absence of CD8-positive lymphocytes and natural killer cells, with marked expression of markers of apoptosis.

Conclusions. Severe infantile RSV and influenza virus LRTI is characterized by inadequate (rather than ex-
cessive) adaptive immune responses, robust viral replication, and apoptotic crisis.

Infection with respiratory syncytial virus (RSV) is the

most frequent cause of hospitalization of infants in the

United States [1, 2]. The pathogenesis of illness related

to RSV infection is not well understood. Recent articles
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by respected authorities in the field state that both viral

replication in the lungs and vigorous immune responses

(particularly lymphocyte responses) against RSV are

critical elements in the pathogenesis of lower respira-

tory tract infection (LRTI) [3–11].

The belief that immune responses contribute to the

pathogenesis of RSV LRTI derives largely from expe-

riences with a formalin-inactivated RSV vaccine (FI-

RSV) preparation. Vaccine recipients developed great-

er lymphoproliferative responses to RSV antigen and

more-severe forms of respiratory tract illness when sub-

sequently infected with RSV than did control subjects

[12, 13]. However, analysis of lung tissue from 2 vaccine

recipients who later died of RSV infection showed eo-

sinophilia and lymphocytic infiltration that are not

characteristic of naturally occurring RSV LRTI [14, 15].

Thus, disease after FI-RSV administration, while pos-
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Table 1. Demographic and clinical features of the study subjects.

Subject group, feature

RSV Influenza virus

URTI Bronchiolitis URTI Bronchiolitis

Surviving patients evaluated for cytokine content (n p 6) (n p 30) (n p 24) (n p 12)

Age, months 5.8 � 3.8 6.1 � 2.0 5.0 � 1.3 7.7 � 2.0
Male/female 4/1 14/13 10/10 5/4
Days ill at sampling 2.4 � 0.5 3.4 � 0.4 2.0 � 0.3 2.8 � 0.4
Length of hospital stay, days 0.4 � 0.3 4.8 � 1.0a 1.0 � 0.2 2.4 � 0.8a

Oxygen saturation at time of sampling 98 � 0.1 93 � 0.1b 98 � 0.1 95 � 0.1b

RSV Influenza virus

Subjects with fatal bronchiolitis (n p 9) (n p 11)

Age, median (range), months 3 (1–12) 2 (1–56)
Male/female 6/3 9/2
Days ill before death, median (range) 4 (!1–8) 4 (!1–8)
Mechanical ventilation, no. (%) 1 (11) 9 (82)
Ventilator days, mean (range) 0.3 (0–3) 3 (2–9)
Immune deficiency, no. (%) 0 0
Down syndrome, no. (%) 2 (22) 0
Heart disease, no. (%) 5 (55) 2 (18)
Bacterial superinfection, no. (%) 0 0

NOTE. Data are geometric values, unless otherwise indicated. RSV, respiratory syncytial virus; URTI, uppermean � SE
respiratory tract illness.

a .P p .004
b .P p .0002

sibly mediated by lymphocytes, appears not be identical to that

of natural RSV infection.

Immunocompromised subjects may develop prolonged viral

replication, clinical evidence of pneumonia with less-frequent

and less-prominent wheezing, and alveolar infiltrates when in-

fected with RSV [16, 17], whereas subjects with intact immune

responses develop bronchiolar infiltrates and wheezing [18–20].

However, it has not been demonstrated that altered T lym-

phocyte function (as opposed to that of other cells) specifically

accounts for these differences.

Finally, in mouse models, ablation of either CD4- or CD8-

positive lymphocytes after RSV infection lessens the severity of

illness [9]. Nevertheless, the mouse model lacks many of the

pathological features of RSV infection in human infants, includ-

ing the predominance of neutrophils in airway exudates [21, 22],

the extensive bronchiolar epithelial destruction, and the plugging

of small airways with inflammatory debris [14, 15, 18]. The

pattern of viral replication may also differ [23, 24].

Therefore, although increased activity of some component

of the inflammatory response to RSV infection may be critical

to the development of severe forms of bronchiolitis, the nature

of the overly responsive mediator remains unknown. In human

infants, RSV generally causes a more-severe form of LRTI than

does influenza virus [25, 26]. We therefore evaluated infants

with LRTI caused by these 2 viruses for differences in the nature

of the inflammatory response that might explain the greater

severity of illness in subjects with RSV infection and elucidate

the pathogenesis of RSV infection in infants.

PATIENTS AND METHODS

Study populations. Subjects of the present study were from

2 population groups. One group consisted of surviving infants

!12 months of age with either RSV or influenza virus infection

recruited from inpatient and outpatient areas of the Women

and Children’s Hospital of Buffalo. These subjects were eval-

uated for cytokine content of nasopharyngeal secretions (NPS;

table 1) (for details, see the Appendix, which appears only in

the electronic edition of the Journal). These subjects were as-

signed a diagnosis of either upper respiratory tract illness

(URTI) alone or bronchiolitis on the basis of criteria described

elsewhere [27] and in the Appendix.

A second group of infants had fatal LRTI. Postmortem lung

tissue was obtained from infants with fatal RSV ( ) orn p 9

influenza virus ( ) LRTI who were autopsied at Hospitaln p 11

Roberto del Rı́o, Santiago, Chile. Features of these 20 infants

are also described in table 1 and the Appendix. Two pathologists

(L.V. and L.M.) independently judged that the cause of death

in all 20 infants was severe LRTI, with typical sloughing of

bronchiolar epithelium, plugging of the terminal bronchioles,

and infiltration of the airway wall and of the alveoli macro-

phages and neutrophils. There was no histological evidence of



Figure 1. Quantities of cytokines and chemokines in nasopharyngeal secretions of infants surviving respiratory syncytial virus (RSV) or influenza
virus infection. Concentrations (log10) of each cytokine are illustrated for subjects with upper respiratory tract illness alone or bronchiolitis caused by
each virus. The horizontal bars within boxes indicate the 50th percentile, the limits of boxes indicate the 25th and 75th percentiles, and the vertical
lines indicate the third and 97th percentiles. The dotted horizontal line indicates the lower limit of detection of the assay. Statistical comparison was
by t test (P values are shown above the bars). A, Quantities of interleukin (IL)–2, interferon (IFN)–g, and IL-17. B, Quantities of IL-4, IL-5, and IL- 13.
C, Quantities of IL-12, macrophage chemotactic protein (MCP)–1, and IL-6. D, Quantities of IL-1b, IL-7, and IL-10. E, Quantities of granulocyte colony-
stimulating factor (G-CSF), granulocyte-macrophage (GM)–CSF, and tumor necrosis factor (TNF)–a. F, Quantities of IL-8 and macrophage inflammatory
protein (MIP)–1b.
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Table 2. Concentrations of T lymphocyte cytokines in nasopha-
ryngeal secretions from surviving infants with lower respiratory
tract infection grouped by day after onset of wheezing.

Cytokine or
chemokine

Day 1
(n p 14)

Day 3
(n p 11)

Day 5
(n p 10)

IL-2 0.77 � 0.1 0.59 � 0.04 0.68 � 0.04
IFN-g 2.1 � 0.1 1.1 � 0.11 0.74 � 0.12
IL-17 1.01 � 0.16 0.71 � 0.1 0.48 � 0.15
IL-4 1.32 � 0.12 0.84 � 0.17 0.32 � 0.12

NOTE. Data are geometric values. For differences betweenmean � SE
days 5 and 1 for interferon (IFN)–g, interleukin (IL)–4, and IL-17, ; forP � .0008
IL-2, .P p .94

bacterial infection of the lungs. Dying infants had not been

subjected to prolonged mechanical ventilation or to the use of

anti-inflammatory agents or antivirals.

Measurement of cytokines in NPS. NPS from subjects re-

cruited for cytokine analysis were tested using the Bio-Plex

Human Cytokine 17-Plex panel (Bio-Rad Laboratories). The

panel includes interleukin (IL)-1b, IL-2, IL-4, IL-5, IL-6, IL-7,

IL-8, IL-10, IL-12 (p70), IL-13, IL-17, granulocyte colony stim-

ulating factor (G-CSF), granulocyte-macrophage (GM)–CSF,

interferon (IFN)–g, monocyte chemoattractant protein (MCP)–

1 (referred to as CCL2), macrophage inflammatory protein

(MIP)–1b (referred to as CCL4), and tumor necrosis factor

(TNF)–a. The lower limit of detection of mediators was 7.5

pg/mL.

Routine pathological and immunohistochemical (IHC)

analysis. Lung tissue samples from infants with fatal LRTI

and control tissues were processed for routine staining and for

IHC staining (for details, see the Appendix).

Statistical analysis. Statistical analysis was done using the

StatView program (version 5.0.2; SAS) as described in the Ap-

pendix. Logarithmic transformation was used to obtain normal

distributions of data. In the figures and tables, data are pre-

sented as the of the log10 values for individualmean � SE

chemokines.

RESULTS

Demographic and Clinical Factors

An analysis of demographic and clinical features of the subjects

in whom cytokine analysis was completed is presented in the

upper part of table 1. Subjects with RSV LRTI (bronchiolitis)

had longer hospital stays and lower oxygen saturations at the

time of sampling than did subjects with influenza virus bron-

chiolitis. Other factors were similar between groups.

Demographic features of infants who died of LRTI are pre-

sented in the upper part of table 1. These factors were similar

to those for subjects who survived, except that subjects with

congenital heart disease and Down syndrome were not ex-

cluded. Preexisting conditions present before the onset of LRTI

in these infants are listed the lower part table 1.

Frequency of Detection of Mediators

IL-2, IFN-g, and IL-17. IL-2 was detectable in secretions from

only 2 (5.6%) of 36 subjects with RSV infection but was de-

tectable in secretions from 8 (24.2%) of 33 subjects with in-

fluenza virus infection ( , data not shown). IFN-g wasP p .04

detected in 13 (36.1%) of 36 of subjects with RSV infection

and in 32 (97%) of 33 subjects with influenza virus infection

( ). IL-17 was undetectable in subjects with RSV in-P ! .0001

fection but was detected in 19 (57.6%) of 33 subjects with

influenza virus infection ( ).P ! .0001

IL-4, IL-5, and IL-13. IL-4 was detected in secretions from

only 6 (16.7%) of 36 subjects with RSV infection and was

detected in secretions from 21 (61.6%) of 33 of subjects with

influenza virus infection ( ). IL-5 and IL-13 wereP p .0001

found infrequently (range, 0%–24%) in subjects with RSV or

influenza virus infection, with no statistically significant dif-

ferences between groups ( , for each).P � .23

IL-12, MCP-1, and IL-6. IL-12 ( ), MCP-1 (P p .04 P p

), and IL-6 ( ) were detected less frequently in sub-.047 P p .015

jects with RSV infection than in those with influenza virus

infection.

IL-1b, IL-7, and IL-10. IL-1b ( ), IL-7 ( ),P ! .0001 P ! .0001

and IL-10 ( ) were all less frequently detected in sub-P p .0025

jects with RSV infection than in those with influenza virus

infection.

G-CSF, GM-CSF, TNF-a, IL-8, and MIP-1b. G-CSF, GM-

CSF, TNF-a, IL-8, and MIP-1b were detected at frequencies

that did not differ markedly ( ) between subjects withP � .24

RSV or influenza virus infection.

Therefore, most cytokines and chemokines were detected

more frequently among infants with influenza virus infection,

and, surprisingly, none were found more commonly in those

with RSV infection.

Concentrations of Mediators in Secretions and Type of Virus
Infection

We next evaluated the measured quantities of mediators in

secretions. First we compared cytokine responses between all

subjects with RSV infection and those with influenza virus

infection (figure 1A–1F). Quantities of most cytokines were

greater in subjects with influenza virus infection than in subjects

with RSV infection. These included cytokines presumed to be

released predominantly from lymphocytes, such as IFN-g and

IL-17 (figure 1A). IL-4 (also predominantly released by lym-

phocytes) was similarly found in higher concentrations in in-

fants with influenza virus infection, whereas other Th2 cyto-

kines (IL-5 and IL-13) were either absent or present only in

low concentrations in subjects with either type of virus infection

(mean values at the lower limit of detection; figure 1B). Quan-
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Figure 2. Immunohistochemical (IHC) staining for influenza virus and respiratory syncytial virus (RSV) antigen of bronchiolar and alveolar tissue from
infants with lower respiratory tract infection (LRTI) or bronchiolitis and from healthy infants. Autopsy tissues were obtained from human infants with
fatal cases of LRTI caused by either influenza virus (A, upper panels) or RSV (B, upper panels). Normal infant lung tissue (from an infant dying of
asphyxia) is stained as a control (A and B, lower panels). Brown stain indicates the presence of viral antigen. Influenza virus antigen is found primarily
in airway epithelium, whereas RSV antigen is present in both epithelium and in exfoliated epithelial cells plugging the airway. Scale bars show 15
mm; original magnification is �40.

tities of IL-12, MCP-1, and IL-6 (prominently produced by

macrophages, among other cells) and of IL-1b, IL-7, and IL-

10 (various cell types) were of a greater magnitude in infants

with influenza virus infection than in those with RSV infection,

particularly those with influenza bronchiolitis (figure 1C and

1D). Concentrations of G-CSF, GM-CSF, TNF-a, IL-8, and

MIP-1b (notably released from epithelial cells, among others)

were present at high concentrations and were not significantly
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Figure 3. Immunohistochemical staining of lung tissue for CD4- and CD8-positive lymphocytes. Autopsy tissues were stained for cells bearing CD4
(upper panels) or CD8 (lower panels) surface antigens. Normal infant lung tissue is illustrated in the left column. Lung tissue from infants with fatal
influenza and respiratory syncytial virus (RSV) infection is displayed in the middle and right columns, respectively. Human tonsilar tissue (not shown)
demonstrated numerous cells with positive staining for CD4 and CD8 (positive control).

different in subjects with either type of virus infection (figure

1E and 1F).

Concentrations of Mediators in Secretions Analyzed by Form
and Severity of Illness

We next compared the concentrations of mediators in subjects

with URTI versus those with bronchiolitis, for both types of

viral infection. No mediator was present in substantially higher

concentrations among subjects with LRTI compared with sub-

jects with URTI alone ( , for each; data not shown). ThisP � .04

was the case for subjects with RSV infection as well as for those

with influenza virus infection.

We next studied the relationship between mediator release

and the measured value of oxygen saturation. The concentra-

tions of the mediators studied bore no substantial relationship

with the degree of oxygen saturation ( , for each).P � .14

Persistence of Mediators with Continuing Illness

Study subjects had been wheezing for 1–5 days at the time

when samples of secretions were obtained. We wondered

whether the concentration of cytokines increased during this

interval. Although only 1 sample of secretions was available per

subject, we summarized cytokine concentrations by the day

after the onset of wheezing on which they had been obtained.

The quantities of the T lymphocyte cytokines IL-2, IFN-g, IL-

4, and IL-17 declined over this interval, and most were sub-

stantially lower in samples obtained on day 5 than in samples

obtained on day 1 (table 2). Therefore, there was no evidence

of the development of lymphocyte cytokine responses over this

interval.

Routine Pathological Evaluation of Lung Tissue from Subjects
with Fatal LRTI

All autopsy materials underwent routine pathological analysis.

Photomicrographs of tissue stained with hematoxylin-eosin

(HE) are available in the Appendix. A comparison of patho-

logical findings was done by one pathologist (L.M.), who was

unaware of the identity of the infecting agent. In subjects with

fatal cases of influenza virus infection, viral antigen was de-

tectable primarily in the epithelium of larger airways (yet severe

bronchiolitis was still evident) and, less frequently, in the airway

lumen (figure 2A, upper panels). In contrast, in subjects with

fatal cases of RSV infection, viral antigen was primarily found

in the material obstructing the lumen of the small airways

(figure 2B, upper panels). Viral antigen was also present in

multinucleated giant cells lining or in the bronchiolar lumen.

Viral antigen was much more extensively present in subjects

with RSV infection than in those with influenza virus infection.

Damage to the bronchiolar epithelium was judged to be much

greater in the subjects with RSV infection than in those with
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Figure 4. Immunohistochemical staining of lung tissue for CD56-positive lymphocytes. Autopsy tissues were studied for CD56 (NK lymphocyte)
antigen. Tissues were obtained from an infant dying of asphyxia (normal lung, left panel ) and from infants with fatal influenza virus (center panel)
or respiratory syncytial virus (RSV) (right panel) infection. Tissue from an adult with lung cancer served as a positive control, demonstrating numerous
antigen-positive cells.

influenza virus infection. Periodic acid–Schiff (PAS)–positive

material (mucus) was found in the airway in only 1 subjects

with influenza virus infection and was absent in the other 19

subjects with RSV and influenza virus infection. Intralumenal

material was also negative by Alcian blue staining, indicating

the absence of mucins. Other findings were felt to be similar

in all 20 subjects, whether or not underlying heart disease or

Down syndrome was present. Composites of IHC staining of

autopsy tissues from other subjects with fatal cases for viral

antigen and all other antigens and enzymes listed below are

available in the Appendix.

IHC Analysis

CD4 antigen– and CD8 antigen–positive cells. Surprisingly,

CD4 antigen–positive cells were present at a very low frequency

in the lungs of subjects with fatal bronchiolitis (or normal infant

lung tissue), regardless of the nature of the infecting agent

(figure 3, upper panels). CD8 antigen–positive cells also were

only rarely detectable in these tissues, again regardless of the

nature of the infecting virus (lower panels). CD4 and CD8 cells

were readily detectable in tonsil tissue by use of the same IHC

techniques. The findings in figure 3 were entirely representative

of those in specimens from all 20 subjects with fatal bronchiolitis.

CD56 antigen–positive cells. The results of IHC staining

for CD56 antigen–positive (NK) lymphocytes in the lungs of

subjects with fatal LRTI are shown in figure 4. Cells positive

for CD56 antigen were rarely detectable in normal infant lungs

or in the lungs of subjects with influenza virus or RSV infection.

CD56 antigen was readily detectable in stains of a human lung

cancer biopsy sample (data not shown).

Granzyme-positive cells. As is demonstrated in the upper

left panel of figure 5, normal infant lung is negative for gran-

zyme, a lymphotoxin. Subjects with influenza virus (upper right)

and RSV (lower left) infection were also granzyme negative. The

expected positive staining for granzyme of lymphocytes present

in a biopsy sample from a lung cancer patient is demonstrated

in the lower right panel.

CD16 antigen–positive cells. Lung tissues from infants

with fatal RSV and influenza virus LRTI were studied for ex-

pression of the neutrophil and macrophage antigen CD16 (fig-

ure 6). CD16 antigen was not observed in normal infant lung

tissue (left panel). In contrast, strongly positive staining was

observed in subjects with RSV or influenza virus infection

(center and right panels). Staining was noted in inflammatory

cells in the alveolar space and interstitium and in cells within

the exudate that obstructed the bronchiolar lumen.

Caspase 3 staining. We next stained lung tissues for the

apoptosis marker caspase 3 (figure 7). Normal infant lung tissue

(left panel) did not demonstrate positive staining for caspase

3. Lung tissue from infants with fatal LRTI showed strong

staining. For fatal RSV infection, caspsase 3 staining was most

evident in bronchiolar epithelial cells (right panel). For influ-

enza cases, staining was most prominent in inflammatory cells

(macrophages and neutrophils, center panel).

DISCUSSION

Among infants surviving viral LRTI, most of the 17 cytokines

measured were present in lower quantities in subjects with RSV

infection than in those with influenza virus infection, and none

were present at higher concentrations in those with RSV in-

fection. Specifically, there was no evidence of T lymphocyte

activation in the respiratory secretions from these infants at the

time of hospitalization for RSV LRTI; that is, the classical T

lymphocyte cytokines IL-2, IL-4, IFN-g, and IL-17 were nearly

undetectable in the secretions (figure 1A and 1B). In contrast,

IL-2, IL-4, IFN-g, and IL-17 were all detected more frequently

or at higher concentrations in subjects with influenza virus

LRTI. Because infants with RSV infection had more-severe ill-

ness (reduced oxygen saturation and more-prolonged hospital
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Figure 5. Immunohistochemical staining of lung tissue for granzyme. Lung tissues were stained for the presence of granzyme, a lymphocyte product
that mediates cytotoxic reactions against infected and stressed cells. Tissue was obtained from an infant dying of asphyxia (normal lung, upper left
panel). An infant with fatal influenza virus infection is represented in the upper right panel. An infant with fatal respiratory syncytial virus (RSV)
infection is represented in the lower left panel, and an adult with lung cancer is represented in the lower right panel.

stays) than did infants with influenza virus bronchiolitis, these

findings therefore challenge the idea that overresponsiveness of

cytotoxic lymphocytes plays a critical role in the development

of bronchiolitis [3–11]. All samples of secretions for cytokine

analysis were obtained by the same personnel using the same

techniques during the same winter season. Samples were pro-

cessed and analyzed in an identical fashion. Subjects with RSV

infection were similar in age to those with influenza virus in-

fection and had apparently been ill for 1 more day, on average,

than had subjects with influenza virus infection (table 1).

Therefore, these factors would not seem to account for the

reduced cytokine responses observed in subjects with RSV

infection.

The quantities of most other cytokines and chemokines were

also reduced for RSV infection in comparison to influenza virus

infection, perhaps because their synthesis was not being stim-

ulated in the absence of a T lymphocyte response. A few cy-

tokines were present in equal concentrations in subjects with

RSV or influenza virus infection. Possible alternative sources

of these mediators include the respiratory epithelium and other

inflammatory cells. Previous studies of cytokine responses in

infantile bronchiolitis have found lower concentrations of IFN-

g in subjects with more-severe forms of illness [27–29], which

is generally consistent with the findings of our study. The pres-

ent study additionally demonstrated the limited presence of the

lymphocyte cytokines IL-2 and IL-17 in bronchiolitis.

In addition to the low quantities of lymphocyte cytokines in

secretions from surviving subjects, lymphocytes expressing CD4

or CD8 antigen were present only in very low numbers in lung

tissue. Granzyme-positive cytotoxic lymphocytes also were not

detectable in the lungs of infants with fatal LRTI. In previous

studies of bronchoalveolar lavage (BAL) fluid recovered from

infants with bronchiolitis, !2% of cells present in BAL fluids

were positive for CD8 antigen [21, 30]. In the present study,

lymphocytes bearing CD4, CD8, or CD56 antigen were rarely

observed in lung autopsy tissues. In contrast, in subjects sur-

viving measles virus pneumonia, CD8 antigen–positive lym-

phocytes predominate in BAL fluids [31]. In fatal influenza

virus infections beyond infancy, lymphocytes predominate in

lung tissue [32, 33] and are also present in infections with severe

acute respiratory syndrome coronavirus [34]. Although the

characterization of the mononuclear cell infiltrate observed in

lung tissue from subjects with fatal adenovirus infections is

limited, nevertheless, CD4- and CD8-bearing lymphocytes pro-

liferate in peripheral blood and release IFN-g [35, 36]. Thus,

the lack of a CD8 lymphocyte response in RSV and influenza

virus infections in infants appears to be aberrant. We are un-

aware of studies evaluating granzyme staining in immunolog-

ically normal infants who present with LRTI caused by other

viruses.

These overall findings strongly suggest that T lymphocyte

activation and cytotoxic activity do not occur in the lungs at

the time when infants with bronchiolitis are experiencing their

most-severe symptoms. Low numbers of cells expressing CD56
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Figure 6. Immunohistochemical staining of lung tissue for CD16. Lung tissues were studied for CD16 (expressed primarily on granulocytes and
macrophages) antigen. Tissues were obtained from an infant dying of asphyxia (normal lung, left panel) and from infants with fatal influenza virus
(center panel) or respiratory syncytial virus (RSV; right panel) infection.

Figure 7. Immunohistochemical staining of lung tissue for caspase 3. Lung tissues were stained for the presence of the apoptosis marker caspase
3. Tissue from an infant dying of asphyxia (normal lung, left panel) served as a negative control. Staining in cases of influenza virus infection was
primarily observed in inflammatory cells (center panel). Subjects with respiratory syncytial virus (RSV) infection demonstrated positive staining in
bronchiolar epithelial cells (right panel).

antigen were detected, suggesting that NK cell activity was also

diminished. Whether adaptive responses would have developed

later in subjects who died (or survived) is moot, but these

responses were not present at the time of maximum illness.

Studies of the development of RSV-specific cytotoxic activity

in peripheral blood lymphocytes after RSV infection have been

able to demonstrate only weak responses [37, 38]. Interestingly,

several reports have described mechanisms by which RSV in-

fection can inhibit the development of cytotoxic responses in

vivo, including interference with antigen-dependent T cell re-

ceptor signaling [39], alteration of dendritic cell function [40],

induction of lymphocyte apoptosis [41], and suppression of

CD4 lymphocyte function by IFN-a and IFN-l [42].

Expression of RSV antigen (detected by IHC analysis) was

judged to exceed that of influenza virus antigen in subjects with

fatal cases of bronchiolitis caused by the respective virus. Al-

though quantitative morphometry was not available, these ob-

servations were made by a pathologist reviewing slides without

knowledge of the nature of the infecting virus. Previous studies

of RSV bronchiolitis have found that higher viral loads (assessed

by quantitative polymerase chain reaction) were associated with

more-severe disease [43].

Finally, staining for the apoptosis marker caspase 3 was

strong in subjects with fatal cases of bronchiolitis. However,

for RSV infection, caspase 3 and viral antigen were detected in

bronchiolar epithelial cells. This suggests that activation of ap-

optotic mechanisms may be critical to clearing RSV-infected

epithelial cells when cytotoxic T cell responses are absent. In

contrast, caspase 3 staining was more prominent in macro-

phages and neutrophils in subjects with fatal cases of influenza

virus infection. Although definitive conclusions are not pos-

sible, one possible explanation of the findings is that the ex-

pression of viral antigen was already declining in subjects of

influenza virus infection (and bronchiolar epithelium was more

intact) and that apoptosis was being induced in macrophages

and neutrophils to reduce the inflammatory response. Further

study of this critical area is needed. Other models of lung injury

demonstrate that apoptotic signals are expressed on damaged
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epithelium immediately after toxic injury to the lungs. How-

ever, after the toxin has been cleared, apoptosis is prominent

in inflammatory cells, presumably reflecting an attempt to ter-

minate inflammation [44].

Limitations of the present study include the fact that cyto-

kines were measured only once during the time of acute illness.

We attempted to correct for this deficiency by studying the

kinetics of mediator responses in samples grouped by day 1–

5 of illness. Quantities of IFN-g, IL-4, and IL-17 declined over

this interval. Although this suggests that we did not miss the

eventual development of lymphocyte cytokine responses, fol-

low-up samples obtained over several days would have been

preferable. Another limitation is that samples of secretions for

cytokine analysis, viral quantitation, and pathological analysis

were not available from the same subjects. Nevertheless, bron-

chiolitis as a disease entity is thought to be similar in presen-

tation worldwide [45–47], so regional differences in pathogen-

esis are unlikely. More importantly, the findings from the 2

populations in the present study are consistent in suggesting

that T lymphocyte responses are reduced or absent in more-

severe forms of infantile viral LRTI that result in hypoxia, the

need for hospitalization, or death.

In a previous study [25], quantities of 6 cytokines (IL-12,

TNF-a, IL-6, IL-1b, IL-8, and IL-10) were found to be similar

in infants with RSV infection and those with influenza virus

infection. However, quantities of cytokines were far lower in

that study than in the present study, perhaps because the sam-

ples were nasal washes and not aspirates. Other reports have

found lower quantities of TNF-a [48], MCP-1, and MIP-1a

[49] in infants with RSV infection than in those with influenza

virus infection.

In summary, we propose that the pathogenesis of viral LRTI

is primarily related to the failure to develop an adaptive cy-

totoxic T lymphocyte response. Instead, clearance of the virus

apparently depends on inefficient innate immune responses

mediated by macrophages and neutrophils. The expression of

caspase 3 in the lungs suggests that apoptotic mechanisms are

activated in an attempt to clear virus. These mechanisms may

eventually lead to the eradication of infection, but at the ex-

pense of damage to uninfected neighboring epithelial cells.

These findings should encourage the testing of antiviral com-

pounds with activity against RSV and influenza virus in infantile

LRTI.
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