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Respiratory syncytial virus (RSV) is a leading cause of bronchiolitis and viral 

pneumonia in children.  RSV-induced mucin expression contributes to airway 

obstruction in severe RSV-related disease.  Mucin expression has also been 

associated to airway inflammation and hyperresponsiveness in mouse models of 

RSV infection or exacerbated pathology following vaccination with formalin-

inactivated RSV (FI-RSV) vaccine.  As such, it is critical to assess the ability of 

potentially efficacious vaccines to induce minimal mucin expression during pre-

clinical development.  The evaluation of mucin expression has typically been 

performed using qualitative or manual/semi-automated quantitative methods.  

These conventional methods are time-consuming and prone to intra-/inter-

observer variability.  The objective of this work was to utilize an unbiased, 

objective, automated approach for quantitative analysis of goblet cell hyperplasia 

in a mouse model of RSV challenge following vaccination. 
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Introduction

Methods
Balb/c mice (N=10/group) were infected intra-nasally with live RSV A/Long on 

Day 0 or vaccinated with two doses of FI-RSV or PBS on Day 0 and Day 21.  On 

Day 42, mice were challenged intra-nasally with 106 plaque forming units of RSV 

A/Long. In these studies, only the left lobe of the lungs was collected for goblet 

cell analysis, leaving the right lobe to be utilized for alternative readouts. Lungs 

were harvested four days post-challenge, inflated, and fixed in formalin.  

Formalin-fixed, paraffin-embedded (FFPE) lungs were sectioned (3 µm 

thickness) and stained with periodic acid-Schiff (PAS) reagent to assess goblet 

cell hyperplasia as a measure of mucin expression. Two PAS stained lung 

sections per subject were examined. The stained tissue sections were digitized 

using a Zeiss MIRAX Scanner.  Quantification of the PAS-stained tissue sections 

was performed using the PERMITSTM software package (Biospective Inc., 

Montreal, Canada) (Figure 1).  For quantitative analysis of PAS-positive tissue 

(goblet cells), the area of PAS-positive segmented tissue was normalized by the 

perimeter of the airway epithelium, and expressed as the mean PAS load per 

millimeter of basement membrane (mmBM) ± standard deviation (Dakhama et 

al, Am. J. Respir. Crit. Care Med., 165: 1137-1144, 2002). 
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More than 25 airways were identified in each mouse lung.  The mean number of 

airways per group was 293 ± 27.  A 21- and 34-fold increase in mucin

expression was observed between FI-RSV versus live RSV and FI-RSV versus 

PBS groups, respectively (Table 1).  Using our automated, quantitative 

approach, we were able to detect statistically significant differences between 

these groups (Figure 2).  In order to identify a statistically significant treatment 

effect of 40%-50%, a sample size of 12-8 subjects per group is required (α = 

0.05, β = 0.2).
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Results

Using FI-RSV as a prototype of a vaccine inducing undesirable pulmonary 

inflammation, we have reported that our automated approach is capable of 

generating quantitative data in a high-throughput manner.  Reliable, objective

and quantitative measures of mucin expression will facilitate the safety 

evaluation of novel RSV vaccines during pre-clinical development. 
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Conclusions
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Table 1. Group average data.  Statistical analysis by one-way ANOVA indicated 
a significant difference between group means. (* = p < 0.05) by Tukey’s multiple 
comparisons. 

Figure 2. PAS/mmBM data plotted by group assignment (Left: markers 
represent individual airways, Right: markers represent subject averages).  Color 
bars indicate group average; black bars indicate statistically significant group 
differences.
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Figure 1. Illustration of the automatic segmentation of PAS-positive goblet cells 
(deep pink; top).  Bottom: PERMITSTM segmentation of positive cells (red), 
airways (yellow), and basement membrane (purple line).  (A) FI-RSV 
vaccination, (B) Live RSV, and (C) PBS vaccination.
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