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Overview
• In�uenza A viruses (IAVs) infect a variety of hosts, including humans, swine, and various avian species, however, the 

pathogenesis and transmission of in�uenza viruses in humans remains unclear. 
• Untargeted metabolomics using a HRAM Q-TOF analysis with MS and DIA-MS/MS data acquired with a cycle time of less 

than 1 second has been applied to compare serum metabolic pro�les from swine over a 14 day time-course to study the 
progression of in�uenza infection. 

Introduction
Animal models help to understand mechanisms of 
virulence and to develop more ef�cacious vaccines and 
forms of prevention or treatment. In�uenza virus infection 
in humans has a number of similarities with that in swine 
as the clinical manifestation and pathogenesis are similar. 
In this untargeted metabolomics study, HRAM Q-TOF 

analysis was used to measure the effect of in�uenza virus 
infection on host-microbial metabolism in swine and 
whether this differs between the early, innate response, 
the later adaptive response and the repair phase. Blood 
samples taken pre-infection and over 13 days post 
infection (dpi) were compared.

Materials and Methods
An untargeted metabolomics approach was applied to 
analyze serum extracts from swine at different stages of 
infection with in�uenza A. Pigs were acclimatized for 7 
days prior to infection and pre-infection blood samples 
were taken from 8 pigs. Infection was via intranasal 
administration of H1N1pdm09 or MDCK supernatant using 
a mucosal atomization device. Blood samples were taken 
from 4 pigs at 1, 2, 3, 4, 5, 6, 7 and 9 dpi and from 8 pigs 
at 11 and 13 dpi. Infection was con�rmed by identi�cation 
of viral shedding by daily nasal swabbing and by lung 
pathology identi�ed postmortem. Metabolic extracts of 

sera were analyzed using a HRAM Q-TOF (LCMS-9030 
Shimadzu Corporation) in untargeted mode. Samples were 
analyzed in random order and a pooled Quality Control 
(QC) sample was injected several times at the start and 
systematically throughout the batch. A representative 
sample from each group was used for component 
detection using the Find algorithm within Insight Explore 
software (Shimadzu Corporation) and the generated 
compound table was applied to process data from all 
samples. 
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Component detection in all samples

Results

A robust work�ow has been devised for the processing of 
HRAM Q-TOF metabolomics data and applied to study the 
effect of in�uenza infection. Figure 2 shows the process of 
component detection in all samples to generate peak area 
matrix for data analysis. The FIND algorithm was applied to 

detect components in a subset of samples (Step 1) which 
was used to build the compound table to process all 
samples (Step 2). Following manual review (Step 3) a total 
of 716 reliable components (ion signals) were considered 
for data analysis.

Figure 1. HRAM mass chromatograms of 716 components detected in one sample (5ppm extraction window).

Untargeted MS and DIA-MS/MS
Data acquisition
Cycle time <1 second for all MS and DIA-MS/MS mass scans 
MS 1 mass scan; mass range 100-1000 Da (20 msecs)
MS/MS 44 sequential mass scans; mass range 75-1000 Da (20 msecs for each mass scan)
Precursor isolation width 20 m/z; CE spread 5-35 eV; External mass calibration 
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Figure 2. Insight Explore interface for component detection in all samples.

Step 1 Find algorithm to detect components
MS1 event for any sample
Typical peak width indicated, charge state and spectral intensity de�ned
Generates a list of all detected peaks with adducts and neutral losses grouped

Step 3 Survey mode to review peaks
Manual review of peak integration and identi�cation
Peak integration or identi�cation can be corrected for any individual peaks which may have be missed 
in the automated data processing 

Step 2 Automated peak integration 
Curated compound table from component 
detection. Peak integration parameters 
optimized 
Reports areas and RT for all peaks in all samples
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Metabolite and lipid identi�cation with DIA MSMS
The formula prediction algorithm in LabSolutions Insight – 
Explore was used to generate candidate formulae for all 
components. Accurate masses and predicted formulae 
were searched in the METLIN database. Identi�cation was 
performed by comparison of experimental DIA-MS/MS 

spectra to MS/MS spectra available in METLIN, or manually 
interpreted where spectra were not available. Figure 3 
shows the process using sn-1 isoform of 
lysophosphatidylcholine 18:2 as an example. 

Figure 3. Insight Explore application for data review and component veri�cation.

Step 4 Formula prediction from measured m/z
Mass type and error margin de�ned
Possible elements and adducts indicated
Top hit corresponds to formula for Lysophosphatidylcholine 18:2 (0.18mDa / 0.35ppm error)

MS chromatogram
m/z 520.33977
5ppm extraction window

2 isomers
Reported separately
Spectrum presented for 
second eluting isomer

Exact mass measured in 
one sample

-0.74ppm error in this sample

Step 5 
Chromatogram
Formula 
prediction mass
Average MS and 
respective 
DIA-MS/MS 
spectra generated 
from peak 
(FWHM)

Step 6 Spectra
MS
Formula MS
DIA-MS/MS
Predicted MS 
spectrum 
compared to 
experimental MS 
spectrum

DIA-MS/MS 
spectrum 
compared to 
METLIN database



6

A metabolomics study into in�uenza virus 
infection by HRAM Q-TOF analysis

Analysis of trends to study progression of infection
To assess the impact of in�uenza virus infection on swine a 
number of statistical and trend analysis tools were used in 
the comparison of metabolite pro�les. The effect of 
in�uenza in swine is expected to be most pronounced at 
3-5dpi, however the effect on the serum metabolic pro�le 
appeared limited despite con�rmed virus shedding and 
lung pathology. Several metabolites and lipids were 

reported in a study of serum from a murine model of 
in�uenza infection including hippuric acid and SM 
d18:0/18:1 which were found to increase at 6dpi (Cui et.al. 
2016). These metabolites were detected in the present 
study, however trends were not observed (�gure 4). 
Sampling was limited to 4 replicate pig serum samples for 
most time-points.

Figure 4. Boxplots of responses (peak areas) from samples at each group (days post infection) presented for SM d18:0/18:1 and hippuric acid.

Isomers are separated by RT and a distinctive fragment 
(protonated choline at m/z 104), characteristic of the sn-1 
isoform known to exceed a 30 fold difference in intensity 
relative to the sn-2 isoform (Han and Gross 1996). All other 

fragments in the spectrum corresponded to this ID: neutral 
water loss (m/z 502), loss of phosphocholine (m/z 337) and 
protonated phosphocholine (m/z 184).
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Untargeted metabolite analysis considered 716 components 
Data analysis using MetaboAnalyst software
The effect of in�uenza infection appeared limited

SM d18:0/18:1

Hippuric acid Boxplots with individual sample responses (peak areas)
Notches indicate 95% CI around the median (±1.58*IQR/√n)
Mean response of each group indicated by yellow symbol
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Conclusions
• An LC-MSMS method has been developed for the untargeted metabolomics analysis of serum extracts. 
• HRAM Q-TOF (LCMS-9030 Shimadzu Corporation) acquired MS and DIA-MS/MS data with a cycle time of 0.9 seconds 

over the MS/MS mass range of 50-1000 Da. The robust work�ow for data processing and analysis is presented an 
appears well suited to metabolomics work�ows.

• The method was applied to study the progression of in�uenza A virus in swine by assessing the metabolic pro�le of 
serum from samples taken before infection and up to 13 dpi.

• Around 700 metabolic features were detected across all samples and the relative concentrations between samples 
were compared. In this study, despite the robust work�ow for sample analysis and data processing, metabolite 
pro�les showed high variability between the groups and minimal differentiation by univariate and multivariate 
statistical analysis.


