
Mouse Models for Evaluation of Vaccines and
Therapeutics Against Staphylococcal Infections

Introduction

Staphylococcus aureus (SA) is a ubiquitous, 
formidable Gram-positive pathogen associated 
with skin and soft tissue, as well as life-
threatening systemic infections.  SA is a leading 
cause of hospital- and community-associated 
infections worldwide, affecting humans and 
animals.  The wide range of pathologies reflects 
the diverse abilities of this microbe to escape the 
innate and adaptive immune response
using virulence factors.  Since its first emergence 
in the 1960s methicillin-resistant SA (MRSA) has 
become endemic in hospitals and healthcare
settings worldwide.  In the 1990s, community
associated MRSA strains (CA-MRSA) emerged, 
and are spreading worldwide posing a major 
global challenge.

There are currently no vaccines available for 
prevention of SA infections.  Testing vaccine and 
therapeutic candidates in animal models
representing different syndromes of SA infection 
is a key step towards development of
countermeasures before clinical evaluation.  IBT 
Bioservices offers a number of animal testing 
services for this purpose, including bacteremia 
(bacterial count in blood) and pneumonia models 
as described here.

Staphylococcal Bacteremia

Bacteremia is the most common manifestation 
of invasive disease caused by SA.  IBT Bioservices 
has established protocols for testing compounds 
in a bacteremia model using intraperitoneal
injection of bacteria in conjunction with Hog-
mucin, a potentiating agent that allows
induction of bacteremia and sepsis with an
extended dose response curve.  Repeatable dose 
response curves are observed when mice are 
challenged with two leading CA-MRSA strains, 
USA300 and USA400, as illustrated in Figure 1 
below.
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Figure 1: Challenge dose response curve
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There are three primary endpoints of interest 
when determining the protection offered by a 
candidate product in this model; the level of
bacteremia, the bacterial burden in tissues, and 
morbidity/survival.  The challenge dose used is 
tightly controlled (as demonstrated in Figure 1) 
to ensure that groups receiving treatment can be 
compared in parallel to control groups that
receive vehicle or mock-treatment.

Bacteremia level: The effect that candidate 
vaccines and therapeutics have on bacteremia 
can be readily measured in this model by
determining the bacterial burden in blood post 
treatment.  As an example, blood bacterial burden 
in mice treated with polyclonal antibody to a SA 
target and challenged with USA300 is shown in 
Figure 2.  CFU data are from 12 hours after
challenge.  Bacterial clearance is clearly
demonstrated.

Tissue burden: Reduction of bacterial levels can 
also be detected in multiple organs, most notably 
the kidney and liver.  Colonies in these organs
secrete toxins that cause tissue damage and 
enable SA to evade the host innate immune 
response.  Figure 3 shows bacterial burden in 
BALB/c mice challenged with USA300 in 3%
Hog-mucin.

Efficacy studies: The efficacy of vaccines,
immunotherapeutics, and small molecules can be 
evaluated in the bacteremia model using percent 
survival as an endpoint.  In the model passive
immunization with a polyclonal antibody to a SA 
target provides protection from lethal infective 
dose, as shown in Figure 4.  Use of a low
challenge dose (LD90) ensures detection of
efficacy even with suboptimal treatments.  This 
early measure of protective efficacy is very useful 
for lead optimization.

In addition to the insights granted by the
bacteremia model described above, IBT
Bioservices can detect protection from other
clinically important complications of SA infection.
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Figure 3: USA300 burden in BALB/c mice
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Figure 2: Blood USA300 in treated BALB/c

Figure 4: Protection from lethal challenge

Staphylococcal Bacteremia (cont)



Staphylococcal Pneumonia

Staphylococcal pneumonia is one of the most 
severe and life threatening complications of SA 
infections.  In an effort to aid developers of
protective vaccines and therapeutics, IBT
Bioservices has established a SA pneumonia 
model in mice using intranasal infection.  Health 
checks on mice are performed four times per day 
within the first 72 hours of infection and once per 
day until termination of the study.

As an illustration of the lethality of this disease, 
Figure 5 shows the results of an active
immunization study.  Three experimental vaccines 
were tested, one clearly more promising than the 
other two.  Intranasal challenge with SA Newman 
strain results in mortality within 48 hours in
untreated control groups.

Bacterial burden in the lungs is a useful
measure of protective efficacy in a pneumonia 
model.  The level of reduction after passive
immunization with a polyclonal antibody can be 
observed.  Figure 6 shows this effect nicely after 
intranasal challenge with the USA300 strain.  The 
pneumonia model is established for use with 
USA300, USA400, Newman, and MNHOCH, and 
can be adapted to other strains of SA.
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Figure 5: Lethal IN challenge survival
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Figure 6: Blood burden in treated mice

Institutional Advantage

The infection models available at IBT Bioservices 
enable specific and reliable testing of product
candidates.  Such testing at early stages of
development is needed for cost effective lead 
optimization and properly informed decision
making.  Our clients enjoy consultative access 
to our scientists who have extensive experience 
in SA biology and pathogenesis.  By working 
with us on the design, execution, and analysis of 
your studies, you add years of experience to your 
discovery team.  Contact us at 877-411-2041 or 
services@ibtbioservices.com to discuss your
project today.

Animal Welfare

Any work involving animals receives appropriate 
review by an Institutional Animal Care and Use 
Committee (IACUC).  Morbidity is evaluated by
assigning health scores based on a standard
scoring system.  Mice are monitored for
morbidity and weight loss against required
euthanasia criteria.  Animals displaying severe
illness as determined by weight loss, extreme 
lethargy, or paralysis are euthanized.


