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Introduction

Respiratory viral pathogen distribution among
infected infants

Respiratory viral infection (RVI) is a major cause of illness and mortality in infants
worldwide; however the reason for this increased susceptibility is unknown. Our
studies in mice have shown the importance of lung versus peripheral blood (PB)
effector-memory T cells in protection from respiratory viruses. To assess whether
effector memory T cells (TEM) are recruited to infant lungs during RVI, we used a
novel analysis of immune cells and cytokines from endotracheal tube (ETT) fluid
obtained daily from 19 infants (aged 0.5-24 months) with RVI requiring mechanical
ventilation and 10 control infants (2-21 months) intubated for non-pulmonary
reasons.

CD8 T cells migrate into the airways of infants with infection and
not uninfected controls

Study Design
A.
T cell composition and phenotype in infected infants and
controls

Initially, the percentage of CD4 and CD8 T cells in the ETT fluid of infected and control
infants is similar, however CD8 T cells increase in percentage over the course of
infection in infants with RVI.

CD8 T cells from infected infants have increased surface
expression of CD107
B.
The most common immune cells in ETT fluid in both control and infected patients are
neutrophils. T cells are a minority population in the ETT in both infected and control patients,
however T cells are significantly increased in the ETT fluid of infants with respiratory viral
infection as compared to controls.

(A). Infants less than 2 years of age requiring mechanical ventilation due to respiratory
viral infection or age matched controls on mechanical ventilation for non-pulmonary
reasons (such as after cardiac surgery) were enrolled in the study. Endotracheal tube
(ETT) fluid specimens were collected daily while the patient was ventilated to a
maximum of 14 days. A sample of 0.5-1 cc peripheral blood was collected on the first
and last day of mechanical ventilation. (B). Demographics and clinical data are shown
for recruited patients. Infected patients had a significantly longer time of intubation
and hospital stay than uninfected control patients. Controls were recruited after
cardiac surgery and were therefore more likely to have cardiovascular disease. Other
parameters were similar between the two groups.

(A). CD4 and CD8 T cells in the ETT fluid of both infected and control infants
demonstrated an almost exclusive memory phenotype as compared to the naïve
phenotype of peripheral blood T cells from the same patient. (B). The CD4:CD8 T cell
ratio was significantly higher in peripheral blood compared to ETT in all patients.

Pro-inflammatory cytokines and chemokines are elevated early
in the airways of RSV infected infants
A.

Methods
RVI was diagnosed from nasopharyngeal samples analyzed by CUMC clinical
microbiology laboratory using BioFire FilmArray Respiratory Panel PCR. ETT fluid was
collected in a sterile Lukens trap after installation of 1 cc normal saline and 2 breaths
via bag valve mask resuscitator. On the first and last day of intubation, 0.5-1cc
peripheral blood was also collected. Samples were centrifuged and ETT supernatant
and plasma were collected and stored at -80C until 25-plex Luminex analysis of
chemokine and cytokines was performed. The cellular pellet from ETT fluid was
resuspended in 40ml PBS and filtered through a 70uM filter. Peripheral blood
mononuclear cells were isolated from blood by density centrifugation. Cells were
stained with fluorescent antibodies and flow cytometry was performed on a BD LSRII
and analyzed using FlowJo software. Statistical results were determined using
unpaired Student’s t test and not assuming Gaussian distribution. Standard error of
the mean is shown unless otherwise indicated.

CD107 (LAMP1) is on the internal membrane of CD8 cytotoxic granules containing
perforin and granzyme B. CD107 is transiently expressed on the cell surface of CD8 T
cells after cytotxic degranulation. This marker of recent cytotoxicity was expressed on
the cells surface of CD8 T cells in the ETT from infected infants by not uninfected
controls.

Conclusions
• The majority of cells in the infant respiratory environment in steady state and during
RVI are innate immune cells with neutrophils being the most abundant.
• Infant lymphocytes are capable of migrating into the airways during acute infection.
T cells in the ETT are distinct from those found in peripheral blood and are almost
exclusively of a memory phenotype.
• In infected infants, CD8 T cell percentage increases over time in the ETT fluid, unlike
in controls in which CD4 T cells remain the most prevalent T cell type.
• The chemokines, CCL2 and CXCL10 are significantly elevated in infected infants on
day 2 of intubation. The cytokine IL-15 is elevated in the airways of infected infants
over controls on days 1 and 2 of intubation.
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