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Background. The Live Attenuated Influenza Virus (LAIV) used in the United 
States is based on the cold-passaged A/AnnArbor/6/60 strain (AA). An alternative 
LAIV (Len), developed from the cold-passaged A/Leningrad/134/17/57 strain, has also 
been used in some countries outside the United States. Recent concerns with the effi-
cacy and safety of the current US LAIV warrant the development of an improved LAIV.

Methods. We used in vitro minireplicon and multicycle viral growth assays to 
analyze the combined effects of polymerase mutations from LAIV (AA) and LAIV 
(Len) on the phenotype of PR8. Mini-replicon assays were performed in HEK-293T 
cells with firefly luciferase under the control of the influenza virus NP promoter; we 
controlled for cell density with a constitutively active Renilla luciferase. Multicycle 
growth curve experiments were performed at 33°C, 37°C, and 39°C in MDCK cells 
with an m.o.i. of 0.001. Mean values for triplicate infections at 12, 24, 48, and 72 hours 
were plotted as TCID50/mL.

Results. Control experiments showed replication of PR8 (AA) and PR8 (Len) in 
MDCK cells was significantly decreased as compared with WT PR8 at 37°C and 39°C 
at 24–48 hour time points, but not at 33C (the temperature of nasal passages). We 
found that polymerase activity was up to 3 logs more temperature-sensitive (ts) at 37°C 
and 39°C with the combined Len and AA mutations using the mini-replicon assay. In 
the growth curve experiments, the combined Len and AA mutations conferred up to 
a 4-log decrease in replication levels at 37°C as compared with PR8 (Len) and an even 
greater decrease compared with PR8 (AA).

Conclusion. Our findings suggest combining the AA and Len LAIV polymerase 
mutations decreases LAIV replication at body temperature (37°C), as compared with 
either LAIV alone. This could be useful in developing an improved LAIV that is safer in 
vulnerable hosts (e.g., children under the age of 2 who may be vulnerable to wheezing), 
while also permitting dose escalation that might result in greater efficacy.

Minireplicon assay.

Polymerase activity of combination mutants.
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Multicycle replication kinetics of combination mutants (red) against PR8 Len 
(black) at 33C (solid), 37C (dashed) and 39C (dotted).
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Background. Influenza A/H5N1 vaccines have been poorly immunogenic. 
Addition of Adjuvant System 03 (AS03) markedly enhances immune responses, but 
the mechanisms of this enhancement are unclear.

Methods. We compared gene expression in peripheral blood mononuclear 
cells (PBMCs) between recipients of AS03-adjuvanted and unadjuvanted inacti-
vated split-virus H5N1 vaccine on days 1, 3, 7, and 28 postvaccination. We used a 
systems vaccinology approach to assess functional classifications of differentially 
expressed (DE) genes between the two vaccine groups, identify DE genes that correl-
ate with serologic responses, and compare these findings with previous cell-specific 
assessments.

Results. AS03-adjuvanted vaccine induced the strongest differential gene expres-
sion signals on day 1 after vaccination (Figure 1). Multiple innate immune signaling 
pathways were activated, including the interferon, JAK-STAT, and TNF pathways, and 
FC gamma receptor (Fc_R) mediated phagocytosis. Immune pathways specific for 
antigen processing and presentation and influenza A  responses were also enriched. 
Early differential expression of several signal transduction (day 1) and immunoglobu-
lin (day 7) genes were predictive of peak HAI titer (Figure 2). Compared with cell-spe-
cific responses, DE gene, and immunologic pathways of PBMCs were most similar 
to innate immune cell subsets. However, several pathways were unique to PBMCs, 
and several cell-type-specific pathways, particularly from neutrophils, were absent in 
PBMCs (Figure 3).

Conclusion. Transcriptomic analysis of PBMCs after AS03-adjuvanted H5N1 
vaccination revealed early differential regulation of multiple innate immune sign-
aling pathways and enrichment of pathways involved in antigen presentation and 
influenza immune responses. Early expression of several genes was associated with 
peak HAI responses, suggesting a potential role for application of these signatures in 
earlier determination of vaccine responses. While PBMC and immune cell-specific 
results shared key innate immune signals, unique signals were identified by either 
approach.


