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Introduction

Most influenza-related deaths are caused by influenza
pneumonitis, a serious complication of influenza virus
infection characterised by uncontrolled lung inflamma-
tion, acute lung injury and respiratory failure. This seri-
ous complication has a high mortality risk (18-32%) [1].
The currently available antiviral therapy (e.g. neurami-
nidase inhibitor) has limited efficacy in reducing fatality
caused by influenza pneumonitis.

Host factors, in additional to viral factors, are impor-
tant in determining patient outcomes in influenza pneu-
monitis [2, 3]. A better understanding of the host factors
associated with severe disease is therefore needed; it
may help discover pathogenic pathways that determine
disease progression and enable researchers identify new
therapeutic targets. Here, we examine the immune cells
underpinning the host response to influenza infection.

Innate immune cells

Alveolar macrophages in lungs are involved in the first
line of defence. Following phagocytosis of virons and
recognition by pathogen pattern molecules, alveolar
macrophages produce an array of pro-inflammatory
cytokines, including TNF-«, IL-1, IL-6 and IFN-a/f,
to limit viral replication and promote recruitment of
immune cells, such as activated T lymphocytes and
inflammatory monocytes. Recent animal study also
revealed that these cells are involved in the antibody-
induced inflammation and antibody-dependent cellular
phagocytosis, both of which are critical in establishing
a broad-spectrum antiviral state. Similarly, monocytes
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elicit potent inflammatory cascade designed to contain
the virus spread. Upon infection, neutrophils consti-
tute the biggest influx of recruited immune cells to the
infected lung. In addition, neutrophils activate CD8 T
cells, which are pivotal for subsequent viral clearance.
Other important innate cells include natural killer cells,
which kill influenza-infected host cells and therefore
limit the virus spread to other cells. Dendritic cells pro-
vide a critical link between innate and adaptive immu-
nity. By direct or cross-presentation of viral peptides,
these cells prime T lymphocytes to eliminate influenza
virus. In addition, plasmacytoid dendritic cells (a subset
of dendritic cells) are the most potent producers of anti-
viral molecules (e.g. type I interferon).

Adaptive immune cells

Cytotoxic CD8 T cells are the major effectors of the anti-
viral cellular response; they enable killing of influenza
virus and elimination of virally infected host cells. B cells
mediate humoral response, which can be induced, main-
tained and reactivated in the lungs after primary and
secondary infection. These cells produce influenza virus-
specific antibodies in a CD4 T cells-dependent manner
and have multiple strategies for adjusting antibody rep-
ertoires, including the formation of B cell repertoires for
antigenically conserved epitopes. CD4 T cells augment
CD8 cell response to influenza infection, but they have
their own antiviral effects that are independent of CD8
cell activity. Finally, regulatory T cells limit the extent
of the inflammatory response by suppressing activated
effector T cells. Therefore, they assist the resolution of
the host response.
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Host immune mechanisms mediating influenza
pneumonitis

Early, excessive, innate, pro-inflammatory responses (day
1-7 post-infection)

Monocytes and neutrophils orchestrate an early, pro-
inflammatory response in influenza pneumonitis. The
inflammatory cascade is triggered by an intracellular
recognition of viral RNA through a variety of pattern
recognition receptors (PRRs), including TLR3, TLR7,
TLR8 and RIG-I. This signalling cascade releases pro-
inflammatory cytokines (TNF-a, IL-1, IL-6, and type I
and II interferons), which lead to further recruitment
of immune cells, thereby perpetuating lung inflamma-
tion. A substantial amount of evidence has recently
emerged implicating neutrophils in maintaining this
vicious cycle [4—7]. Activated neutrophils release vaso-
active substances, including cathepsin G, elastase and
proteinase 3. The excessive innate response to influenza
virus promotes vascular leakage and causes flooding of
inflammatory fluid into the alveoli, all of which are hall-
marks of influenza pneumonitis (Fig. 1).

Impaired adaptive immune responses (> day 7
post-infection)

In late influenza infection, an impaired adaptive response
resulting from either reduced T lymphocyte function
or numbers (i.e. lymphopenia) is strongly linked to the
development of immune suppression [8]. Immune sup-
pression has contributed, at least in part, to the increased
susceptibility to secondary infection including bacterial
superinfection (e.g. Staphylococcus aureus, Streptococ-
cus pneumoniae) and invasive aspergillosis [9, 10]. Col-
lectively, these host-mediated mechanisms continue to
impede host recovery despite initial viral clearance or
antiviral therapy.

Other host and viral factors

Other host factors (age, immune-compromised state,
cancer) contribute to the impaired host response by pos-
sessing additional mechanisms that may also compro-
mise immunity. For example, cancer patients commonly
have some degree of immune suppression, and their
impaired immune response can be further compromised
by an over-exuberant neutrophil response triggered by
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Fig. 1 Immune state in both health and influenza. The alveolus in health (left side) and influenza infection (right side). The major type of immune
cells in the alveolar space of a healthy individual is alveolar macrophages. Following influenza virus infection, neutrophils migrate from circula-

tion into the lungs, as guided by release of chemo-attractants from infected tissue. Some of these mediators recruit more neutrophils as well as
inflammatory monocytes and activated T cells to the site of infection, further accelerating the inflammatory process. The inflammation can promote
vascular leakage and cause flooding of inflammatory fluid into the alveoli, further impairing oxygenation in the lung
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influenza infection. Conversely, neutropenia is frequently
present in patients in post-chemotherapy phase. Since
some degree of a neutrophil response is usually needed to
combat infection, neutropenia can thus lead to subopti-
mal inflammation, reduced viral clearance and increased
susceptibility to secondary infection. Other immune defi-
cits (e.g. myelosuppression) are also frequently present in
patients receiving chemotherapy; these deficits may also
further impair the host’s ability to clear the virus.

Influenza virus genotypes also influence host response.
In the pro-inflammatory phase of the viral infection (out-
lined above), influenza A virus protein PB1-F2 affects the
extent of lung inflammation. In the late immune suppres-
sive phase, H3N2 viruses are found to be more potent
inducers of secondary pneumococcal infection than
HIN1 viruses, possibly due to increased H3 tropism to
human epithelial cells.

Future therapeutic options

A better understanding of immune response biology
provides a road map to aid the design of host-directed
therapy. For example, T-cell-based universal vaccine
exploits the fact that T-cell response is highly conserved
across different influenza subtypes [11]. It is possible
that T-cell-targeted vaccine may help circumvent the
decade-long problem of reduced vaccine effectiveness
due to emergence of new influenza strains. Other novel
therapies target a myriad of host factors implicated in
both the early and late phase of influenza pneumonitis.
For example, animal studies have shown that, in the early
phase of infection, modulation of the exuberant neutro-
phil-mediated response could improve outcome. Neutro-
phil-targeted agents include those directed against the
formation of histone proteins (released during neutrophil
extracellular trap formation), such as anti-histone anti-
bodies [12]. Alternatively, in the late phase of infection,
therapies directed to treat the immune suppressive state
may be of benefit, as shown in recent sepsis studies [13].
These novel therapies include interleukin-7, GM-CSF and
immune check-point inhibitor (e.g. anti-PD1 antibodies).
In the future, it is likely that a combinational approach
will be used to target both the virus (by antiviral) and the
host response (by immune therapy).
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