
Pseudomonas aeruginosa Model 
of Lung Infection in the Vium Digital Vivarium

Bacterial infection plays an important role in the pathogenesis of respiratory diseases, including chronic 
obstructive airways disease (COPD), and cystic fibrosis (CF) (1,2). Pseudomonas aeruginosa (PA01) is the most 
common and clinically important bacterial pathogen in patients with CF (1,3). Chronic colonization of the lungs 
with PA01, which develop a mucoid phenotype, is associated with pneumonia, reduced lung function, and 
increased mortality (3). PA01 has also been isolated in the sputum of 4-15% of COPD patients, particularly among 
patients who require mechanical ventilation (2).

Vium.com | +1 (650) 797-2000 | info@vium.com

INTRODUCTION

CASE STUDY

UP NEXT:
Methods
Results
Discussion
References

Murine models of PA01-induced lung infection mimic clinical features 
of human lung disease, including weight loss and systemic 
inflammatory response (1,3). Typically, changes in body weight and 
body temperature are measured manually or using telemetry; lung 
function is measured using plethymosgraphy or a ventilator (e.g. 
flexiVent system); systemic and pulmonary inflammation are 
measured by cytokine analysis of blood and bronchoalveolar lavage 
fluids. These “hands-on” approaches, with emphasis on 
measurements of inflammatory biomarkers and cytokines, present 
with their own limitations, including the number and frequency of 
sample collection, as well as the time requirement for sample 
processing and analysis thereafter. 

These current challenges provide opportunities to develop low-touch 
and automated methods to assess systemic and pulmonary 
inflammation in rodents.  We hypothesize that Vium’s automated 
biomarkers, specifically Breathing Rate, will provide physiologically 
relevant data to assess respiratory disease progression in a PA01-
induced mouse model of lung infection. 
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• Non-invasively track disease 
progression and pulmonary 
dysfunction in a lung infection 
model

• Collect more frequent, real-
time data points than standard 
collection techniques

• Optimize sample size 
requirements due to large effect 
sizes

• Complement traditional 
inflammatory biomarker 
analyses

Vium’s Digital Platform 
Allows Researchers to:

METHODS
Animals
Male BALB/C mice (9-10 weeks of age and weighing between 20-22 
g) singly-housed in Vium Digital Smart Housing™ were administered a 
single intranasal dose (50 µl) of Pseudomonas aeruginosa (PA01) 
(~5.5x107 CFU) (American Type Culture Collection, Manassas, VA). 
Control mice were administered saline (VetOne, Boise, ID).  
Experiments were conducted in Vium’s AAALAC-accredited facility in 
accordance with the NIH Guide for the Care and Use of Laboratory 
Animals and were approved by the Institutional Animal Care and Use 
Committee at Vium.

Body Weight and Body Temperature Measurements
Throughout the study, body weight and body temperature were assessed in 
individual animals to monitor disease progression.  Body temperature was 
measured using radio-frequency identification (RFID) microchips (BioMedic 
Data Systems, Inc., Seaford, DE).   
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Terminal Blood Collection
At study end (48 hours post-infection) or humane endpoint, terminal blood was collected. Inflammatory 
biomarker analysis was performed on serum using the Proinflammatory Panel 1 (Mouse) Kit (Meso Scale 
Discovery, Rockville, MD).
 
Motion and Breathing Rate
Subjects were housed within the Vium Digital Vivarium, where intelligent sensors and HD cameras allow for 
continuous and minimally invasive monitoring of animals, as well as collection of automated Digital Biomarkers 
including Motion and Breathing Rate, in the home cage.  All study data is available in real-time and accessible 
via the online Research Suite.
 
Statistical Analysis
Two-way ANOVAs with Bonferroni’s and Dunnett’s multiple comparison tests were used to compare between 
and within groups, respectively. Mann-Whitney tests were used to assess inflammatory biomarkers.  Pearson 
tests were used to perform correlational analyses.  P values less than 0.05 were considered statistically different.  
Retrospective power analysis was calculated using G*Power (Heinrich-Heine-University Düsseldorf, Germany).

Post-induction, body weight significantly decreased in PA01 mice as early as one day and persisted until two 
days post-infection (Fig. 1A).  Body temperature also significantly decreased as early as two hours and as late as 
seven hours post-infection (Fig. 1B).  Changes in Vium’s automated biomarkers were also observed in PA01 mice 
(Figs. 1C and 1D).  Breathing rate significantly increased between eight and 40 hours, post-infection (Fig. 1C).  
Unlike Saline controls, motion was significantly decreased in PA01 mice as early as eight hours and as late as 36 
hours post-infection in PA01 mice compared to Saline controls during the dark cycle only (Fig. 1D). 

RESULTS

Figure 1.  In a mouse model of acute lung 
infection, Pseudomonas aeruginosa-
induced mice demonstrated 
physiological and behavioral symptoms. 
In Pseudomonas aeruginosa (PA01) mice: 
(A) Body weight significantly decreased 
from days 1-2 post-infection (F(2,24) = 5.88; 
P≤0.01, *P≤0.01 vs. Day 0).   
(B) Body temperature significantly 
decreased between 2-7 hours post-
infection (F(6,56) = 4.35; P≤0.01, *P≤0.05 vs. 
Hour -24).  
(C) Breathing Rate significantly increased 
between 8-40 hours post-infection (F(11,85) 
= 2.21; P≤0.05, *P≤0.05 vs. Hour 0).  
(D) Night-time Motion was significantly 
decreased as early as 8 hours and as late 
as 36 hours (Night 2) post-infection (F(1,104) 
= 153.10; P≤0.0001, *P≤0.05 vs. Saline).  

Error bars are +/- SEM.  n=5/group.
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At study end  (48 hours post-infection), PA01 mice demonstrated increases in inflammatory biomarkers in serum 

(Table 1).  Correlational analyses revealed that average Breathing Rate post-infection positively correlated with 

inflammatory cytokines/chemokines, including IL-6 (R=0.8147, P≤0.01), IL-10 (R=0.8237, P≤0.01), and KC/GRO 

(R=0.8772, P≤0.001).  Additional linear regression analyses corroborated that Breathing Rate was a positive 

predictor of inflammatory cytokines/chemokines (Figs. 2A-C).

Table 1.  Endpoint measurements of inflammatory biomarkers from serum of Pseudomonas aeruginosa 
(PA01)-induced and Saline control mice

n = 5 per group.  Values represent Means +/- SD. Units for inflammatory markers are pg/mL. P≤0.05 indicates significance in Mann-

Whitney test.

Figure 2.  Breathing rate was a positive predictor of inflammatory cytokines/chemokines.

Simple linear regression analyses were used to predict the levels of inflammatory cytokines/chemokines, such as IL-6, IL-10, and KC/

GRO based on breathing rate. 

(A) IL-6. A significant regression equation was found (F(1,8) = 15.8; P≤0.01) with an R =0.6638. IL-6 increased 4.55 pg/mL for each unit 

increase in breathing rate (bpm). 

(B) IL-10. A significant regression equation was found (F(1,8) = 16.89; P≤0.05) with an R =0.6785. IL-10 increased 0.18 pg/mL for each unit 

increase in breathing rate (bpm). 

(C) KC/GRO. A significant regression equation was found (F(1,8) = 26.70; P≤0.001) with an R =0.7694. KC/GRO increased 1.12 pg/mL for 

each unit increase in breathing rate (bpm).  n=10.
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The large changes in breathing rate and motion led us to perform retrospective power analysis (Table 2).  To 
compute sample size, we first determined effect size empirically using the following post-infection 
measurements from PA01 and Saline control mice: maximum breathing rate (bpm), minimum night-time motion 
(mm/sec), minimum body temperature (degrees C), minimum body weight (g), and endpoint measurements for 
IL-6, IL-10 and KC/GRO (pg/mL). Due to the larger effect sizes for Breathing Rate and Motion compared to 
traditional variables, power analyses revealed that fewer or equivalent subjects were required to detect 
significant differences between conditions (accepting a 5% chance each of making a Type I or Type II error).  

Table 2.  Retrospective power analysis for Pseudomonas aeruginosa (PA01)-induced vs. Saline control 

mice

N=5 mice per group.   To compute sample size, the following parameters were used: two-tailed t-test (Breathing Rate, Motion, Body 
Temperature, and Body Weight) or two-tailed Mann-Whitney (IL-6, IL-10, KC/GRO), an alpha = 0.05, and power = 0.95.  Effect sizes 
were first determined using experiment data, which was then followed by power analysis.

DISCUSSION

Here we demonstrate how Vium’s platform can be used to monitor respiratory disease progression in a 
Pseudomonas aeruginosa (PA01)-induced mouse model of lung infection.  Vium’s Digital Biomarkers, specifically 
automated Breathing Rate, showed changes as early as eight hours post-infection, and these changes persisted 
until close to study end (40 hours).  In previous studies, plethysmograph data revealed either transient or 
inconsistent responses to PA01 instillations (4).  In contrast, our data demonstrated a more consistent response 
across several time points.  The advantage of using a continuous monitoring platform to evaluate breathing rates 
in the home cage is the ability to observe animals in their natural behavioral states across longer periods of time, 
which may lead to more sensitive and consistent data collection.

In PA01 mice, Breathing Rate was positively correlated with inflammatory biomarkers, including IL-6, IL-10, and 
KC/GRO, which collectively indicate inflammatory response resulting from bacterial infection. Linear regression 
analyses corroborated these results, suggesting that breathing rate can be used to potentially predict levels of 
inflammatory biomarkers in this model.  Furthermore, unlike inflammatory biomarker analyses, wherein data 
collection is more limited to specific time points or endpoint, Vium’s automated Breathing Rate allows for more 
frequent data collection, thereby providing researchers improved resolution of disease progression. 

Although further investigation is required, these results underscore the physiological relevance of breathing rate 
as a behavioral readout in lung disease that may provide further insights on the effects of upregulated 
inflammatory pathways on lung function, as well as the effects of compromised lung function on overall health. 
Increased breathing rate may be indicative of dyspnea commonly observed in patients with lung diseases (5).  
Moreover, patients with cystic fibrosis demonstrate cachexia and weight loss (4). It is possible that pulmonary 
dysfunction resulting from infection may lead to increased energy expenditure, consequently contributing to 
cachexia and weight loss (4).



Vium.com | +1 (650) 797-2000 | info@vium.com

CASE STUDY

In summary, Vium’s Breathing Rate biomarker refines respiratory disease preclinical research by allowing 
researchers to non-invasively track disease and to increase frequency of data collection, while optimizing 
sample size requirements.  Furthermore, our data insights reveal that Vium’s Breathing Rate complements 
standard disease measurements, including inflammatory biomarker analyses.  

REFERENCES
1. Bayes, H. K., Ritchie, N., Irvine, S. & Evans, T. J. A murine model of early Pseudomonas aeruginosa lung disease 
with transition to chronic infection. Sci Rep 6, 35838, doi:10.1038/srep35838 (2016).
2. Murphy, T. F. et al. Pseudomonas aeruginosa in chronic obstructive pulmonary disease. Am J Respir Crit Care 
Med 177, 853-860, doi:10.1164/rccm.200709-1413OC (2008).
3. Kukavica-Ibrulj, I. & Levesque, R. C. Animal models of chronic lung infection with Pseudomonas aeruginosa: 
useful tools for cystic fibrosis studies. Lab Anim 42, 389-412, doi:10.1258/la.2007.06014e (2008).
4. van Heeckeren, A. M. et al. Effect of Pseudomonas infection on weight loss, lung mechanics, and cytokines in 
mice. Am J Respir Crit Care Med 161, 271-279, doi:10.1164/ajrccm.161.1.9903019 (2000).
5. Sorde, R., Pahissa, A. & Rello, J. Management of refractory Pseudomonas aeruginosa infection in cystic fibrosis. 
Infect Drug Resist 4, 31-41, doi:10.2147/IDR.S16263 (2011).

Pseudomonas aeruginosa Model of Lung 
Infection in the Vium Digital Vivarium


