
METHODS RESULTS
Do contaminates from the floor enter the rodent cage?

After normal animal room tasks were completed, black light

assessment revealed no contamination powder within any of the

cages or on any of the inanimate objects within cages. Powder

spread throughout the room in normal traffic patterns on the floor

in either the presence or absence of shoe covers (Fig.4 and 5,

respectively). One participant used the lower rung of the

ventilated rack as a step to gain access to the top row of cages

(Fig. 6).

Does donning shoe covers cause contamination of gloves?

How far do contaminates travel?

CONCLUSIONS
The application of shoe covers provides a source of

contamination for gloves which may out weigh the benefit of their

use. Shoe covers may still be warranted in certain situations and

SOPs (standard operating procedures) concerning the order in

which PPE is applied should be considered.
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ABSTRACT
Personal protective equipment (PPE) required for rodent barrier

room entry at The Ohio State University is hair bonnet, face

mask, disposable gown, gloves and shoe covers. Historically,

shoe covers were considered an integral part of the bio-

containment process for maintaining a “clean” animal room.

With the introduction of microisolator caging and ventilated rack

housing, it became necessary to re-evaluate the contribution of

different elements of PPE utilized to maintain animal and human

health. This study was designed to test the effectiveness of

shoe covers for bio-containment at the animal room floor level.

Fluorescent powders under black light examination (XR-7

Contamination Simulation Powder [blue] and Krypton Powder

[green]) were utilized to track particle movement on the floor. A

mouse room was set up using a ventilated microisolator rack

and bio-safety cabinet. Inanimate objects were used to

eliminate any negative impact of powders on live animals. PPE

was donned immediately outside of the animal room and

discarded upon exiting. Powder was applied directly inside the

doorway. Participants were asked to complete one of thirteen

selected activities while wearing full PPE; including weaning,

cage changing and movement of caging using proper bio-safety

cabinet procedures. Experiments were performed in the

presence or absence of shoe covers and a black light was used

to survey fluorescence around the room, on the rack and on

inner and outer surfaces of cages. The powder spread

throughout the room in normal traffic patterns, with little

appearance on the rack or cages. No powder was detected

within caging. There was no difference in the spread of

fluorescence on the floor in the presence or absence of shoe

covers. Application of shoe covers offers a direct potential for

contamination of personnel from contact with shoe bottoms.

Results indicate that shoe covers do not contribute to, and may

negatively impact, bio-containment.

Do contaminates from the floor enter the rodent cage?

A room within the vivarium was equipped with a bio-safety hood

and a ventilated rack containing microisolator cages. Inanimate

objects (such as ear plugs to represent weanlings) were placed in

cages to coordinate with room tasks (Fig. 1). A thin layer (1 oz)

of XR-7 powder was applied to an area inside of the animal room

door (Fig. 2). Study participants randomly selected a task to

perform (Table 1), donned required PPE including shoe covers,

entered the room and performed the task. PPE was discarded

outside of the animal room. After the last participant finished, the

room was examined for distribution of powder using a black light.

The room was cleaned, checked with a black light and the

experiment repeated without shoe covers. Participants were not

informed about the nature of the study until the end.

Does donning shoe covers cause contamination of gloves?

A room within the vivarium with entry doors on opposite walls was

selected. A PPE station was set up outside the entry door and all

views into the hallway obstructed. A thin layer (1 oz) of XR-7

powder was applied to a section of white paper in front of the

PPE station. Paper was used to limit powder spread. Participants

entered the hallway one at a time, stood on the paper and

donned PPE, either with or without shoe covers. The order in

which each participant put on PPE was noted (Fig 3).

Participants entered the room, were examined using a black light,

and photographs were taken of any fluorescence. Participants

exited through the opposite doorway so as not to interfere with

the next participant. Participants were not informed about the

nature of the study until the end.

How far do contaminates travel?

Distances from entry points of buildings into the animal vivarium

were documented. A survey of 35 (33%) employees for the most

common types of shoes and tread depth worn was completed.

Contamination powder was applied to the floor, a predetermined

distance was traveled and the floor was examined for

fluorescence under black light.
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Krypton Powder and XR-7 Contamination

Simulation Powder are useful in situations where

invisible detection is needed. Krypton powder has a

light green appearance, while XR-7 powder has a white

appearance. A light application of either powder is

virtually undetectable. Krypton powder can be viewed

using an ultra violet or black light and will glow bright

green in the dark. XR-7 powder is visible with the aid of

a UV or black light and glows brilliant blue. Both

powders are useful in teaching proper cleaning

techniques, hazmat training, and contamination control.

The powders are easily removed with soap and water.
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Figure 9

Cost analysis (Fig. 10) of

the amount spent on shoe

covers in relation to other

items of personal

protective equipment for

the time period of July

2009-June 2010

Most participants

put their gown on

first (Fig. 9), while

all participants put

gloves on as the

final step before

entering the animal

room.

Figure 10

Contamination

powder traveled

less than 20%

of the distance

from the front

door (outside)

to the entrance

of the vivarium.

= 32.3 feet
= 166 feet

Special thanks to Joann Petty, Pete McKinley, Laine Kathary, 

Mandy Leber, the husbandry staff, and the medicine technicians 

for their assistance with making this project a success.  Thanks 

to Total MRO for use of PPE photograph.
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Animal check AM

Animal check PM

Wean cage in space M5

Change cage space I4 

Stock room

Separate animals in cage H4

Set up pair in cage K2

Change cages I3, J3, K4

Flush rack

Move cages from K1-3 to N1-3

Figure 1 Figure 2 Table 1 

Standard 

PPE at OSU

Black light examination showed that all

participants that were asked to don shoe

covers fluoresced in multiple areas.

Fluorescence was most notable on gloves

and gowns, especially the sleeve and cuff

area (Fig. 7). No fluorescence was noted

on participants that did not apply shoe

covers (Fig. 8).*

*Note: purple on 

finger tips is from 

the black light.
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Examination of the most

common types of shoes

(Fig. 11) worn on a daily

basis showed that Tennis

shoes are worn by 19 of

35 (54%) of employees

surveyed. The most

common tread depth of

shoes worn for work was

less than 0.5cm. Figure 11
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PROBLEM

MATERIALS AND METHODS OBSERVATIONS

CONCLUSIONS

Samples were collected from 8-31 animals 1, 2, or 3 times over a 9 month

period from the nasal cavity. The average MRSA prevalence was determined to

be 41%. In humans, nasal cultures identify MRSA in 0.8-1.5% of individuals at

any given time. The prevalence of MRSA within the primate colony exceeded

what was hypothesized. This snapshot of the prevalence of the primate colony

does not represent the expected prevalence for a larger number of animals

spread over multiple facilities. Further prevalence studies would need to be

performed to obtain a more accurate representation of the population's

prevalence.

MRSA has been shown to cause significant clinical disease in humans and

animals, and also has been identified as a potential zoonotic pathogen.

Following the discovery of a positive case of MRSA in a small nonhuman

primate research colony, the goal of this study was to establish an estimated

prevalence of MRSA in this species when housed in the research setting.

Surveillance data regarding the prevalence of MRSA is of importance as it

could be used to make informed decisions regarding housing, equipment

sanitization, and designation of animals to surgical or non-surgical protocols.

This information could be utilized by veterinary staff at laboratory animal

institutions to minimize the chance of MRSA spread between animals, the risk of

MRSA surgical site infections, and any potential exposure to personnel.

The culturing method described in this poster is a simple, inexpensive way to

accurately perform the MRSA surveillance testing. The nasal swab culturing

method is convenient to perform during the non-human primate semi-annual

tuberculosis testing or when animals are anesthetized for research or medical

procedures.

The average MRSA prevalence within the sampled primate colony was

determined to be 41%. This is in contrast to humans, in which nasal cultures

identify MRSA in 0.8-1.5% of individuals at any given time1.

This snapshot does not necessarily represent the expected prevalence for a

larger number of animals spread over multiple facilities. Further studies would

need to be performed to obtain a more accurate representation of the

prevalence of MRSA in nonhuman primates, specifically cynomolgus

macaques, in contemporary laboratory animal facilities.

Methicillin-resistant Staphylococcus aureus (MRSA) surveillance 

and prevalence in a primate colony utilizing an effective and 

inexpensive method of in-house testing
J Petty, L Garzel, L Gallaugher

University Laboratory Animal Resources

Sampling of all nonhuman primates occurred concurrent with the semiannual tuberculosis screening. The animal health assurance protocol

encompassed TB testing and nasal swabbing for staphylococcal surveillance and was approved by The Ohio State University IACUC. All

primates had been obtained from commercial vendors.

MRSA Detection Sampling Method

The Ohio State University Laboratory Animal Resources (ULAR) houses a small

primate colony with approximately 15-25 cynomolgus macaques (Macaca

fascicularis). Six days following a designated research surgical procedure, a 5

year old female presented with a partially dehiscent incision. The skin and

underlying tissue was healthy, with no signs of infection; the dehiscence was

self-induced. The subject was currently on an 8 day course of florfenicol, which

was administered immediately post-operatively. Under anesthesia and following

the standard operating procedure (SOP) for open wounds, the incision was

swabbed for culture and sensitivity before debriding/repairing. The sample was

tested by an independent lab and was positive for MRSA. Despite being

resistant to a number of antibiotics, the sample was susceptible to florfenicol.

The macaque’s incision healed without complication after reclosure, treatment

with a non-steroidal anti-inflammatory, and completion of the course of

antibiotics. Based on the discovery of the index case, this project was designed

to create a simple, inexpensive way to perform MRSA surveillance and to

determine the MRSA prevalence within our non human primate colony.

Cost of Materials
Item Quantity Cost per Unit Total

CultureSwab 1 $1.00 $1.00

TSA with 5% sheep’s 

blood 1 $0.23 $0.23

Gram Stain 1 $1.00 $1.00

Catalase Test 1 $0.30 $0.30

Coagulase 1 $3.00 $3.00

Mannitol Agar 1 $0.29 $0.29

Oxacillin Screen Agar 1 $0.60 $0.60

MRSA Chromagar 1 $3.03 $3.03

Total Per Sample $9.45

62%

MRSA Prevalence
Test 1: 05/26/2009

MRSA 
Positive
Total 
Animals

28%

MRSA Prevalence
Test 2: 09/01/2009

MRSA 
Positive

Total 
Animals

18%

MRSA Prevalence
Test 3: 03/02/2010

MRSA 
Positive

Total 
Animals

Collect nasal 
cavity swab 

sample using 
BBLTMCulture
Swabs (BD)

Plate the swab 
onto tripticase soy 
agar (TSA) 
containing 5% 
sheep’s blood.

• Streak for isolation, and 
incubate for 24 hours at 
35°C 

Gram stain all 
morphologically 
distinct colonies.

Perform a 
catalase test on 

each gram 
positive colony.

Perform a tube 
coagulase test 

on all gram 
positive cocci 

colonies.  

Transfer all 
catalase and 
coagulase 
positive colonies 
to mannitol salt 
agar
• Incubate for the 24 hours 
at 35 C 

Innoculate 
mannitol positive 
colonies onto 
oxacillin screen 
agar (6 L/mL
oxacillin).
• Incubate for the 24 hours 
at 35 C 

Innoculate 
mannitol positive 
and MRSA 
chromagenic 
agar.
• Incubate for the 24 hours 
at 35 C 

Observe growth on 
oxacillin and MRSA 
Chromagar.  

•Strains which produced 
mauve colonies on MRSA 
Chromagar plates and 
that grew on oxacillin 
plates were 
phenotypically 
characterized as MRSA 
positive.

Initial Nasal Swab

(5 minutes/swab)*

Plating on to TSA (1 minute/swab)

Gram Stain (1 hour)

Catalase (5 min)

Coagulase (5 hours)

Plate Mannitol (1 min/plate)

Plate Oxacillin (1 min/plate)

Plate Chromagar (1 min/plate)

Read and Interpret 
Results (2 min/plate)

MRSA Detection Sampling Time Line

Day  1

Day  2

Day  3

Day 4

Staphylococcus aureus is a leading cause of skin, soft tissue, and surgical site

infections in humans and animals, with a recent increase attributed to

methicillin-resistant Staphylococcus aureus (MRSA). Investigations into the

zoonotic nature of MRSA and the enhanced prevalence within veterinary

hospitals have stressed its importance to the veterinary community. A routine

culture and sensitivity of a surgical incision from a cynomolgus macaque

(Macaca fascicularis) at The Ohio State University tested positive for MRSA. As

a result of this finding, the intent of this project was to determine the prevalence

of S. aureus, specifically MRSA, colonization within a primate colony. Samples

were collected from 31 animals 1, 2 or 3 times over a 9 month period from the

nasal cavity using CultureSwabs (Becton Dickinson & Company). Swabs were

plated onto Triptic Soy Agar and Gram stained. All colonies with Gram positive

cocci were catalase, mannitol, and coagulase tested. Mannitol and coagulase

positive colonies were transferred onto Oxacillin Screen Agar (OSA) and MRSA

Chromagar. Samples with growth on OSA and mauve-colored colonies on

MRSA chromagenic agar were considered positive. An average of 41.0% were

positive for MRSA at any given sampling time point. This MRSA prevalence is

significantly higher than the reported human colonization rate of 2-5%. To our

knowledge there are no publications documenting the prevalence of MRSA in a

nonhuman primate colony. MRSA surveillance and prevalence data of a

primate colony provides valuable information from which informed decisions

could be made regarding housing, protocols with surgical candidates, and

equipment. Additionally, the culturing method used is a simple, inexpensive

way to perform MRSA surveillance in all types of animal colonies.

Special thanks to Mackenzie Nicolaus, Dianne Harrison, and Dr. Judy Hickman-Davis.
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Mannitol Agar
Left side: S. epidermidis-Mannitol negative

Right Side: S. aureus-Mannitol positive

Oxacillin Screen Agar
Left Side: S. aureus-Oxacillin Susceptible

Right Side: S. aureus-Oxacillin Resistant

MRSA Chromagar
Left Side: S. aureus-Methicillin Susceptible

Right side: S. aureus-Methicillin Resistant
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*Cost of technical time evaluated on an individual basis.
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METHODS OBSERVATIONS

DISCUSSION 

•Stress has been well documented to cause multiple physiological and

psychological changes in rodents including changes in immunity,

reproduction, weight gain, and behavior (Touma, et al., 2003). Rodents

under stressful conditions are therefore more likely to have health problems

leading to decreased welfare of the animals and increased variability in

research studies using these species. Therefore, finding a way to minimize

stress by improving the housing environment in research animals is a key

aspect to the refinement of lab animal facilities.

•Physical voluntary exercise has been found to have multiple effects on both

physiology and psychology in a positive fashion and is believed to combat

the negative aspects of stress (Sasse et al., 2008). Therefore, a relatively

easy and cost-effective mechanism for decreasing stress of standard lab

conditions of rodents could be the placement of an exercise wheel in cages.

•Corticosterone is the primary glucocorticoid secreted by the mouse adrenal

gland and is associated with the regulation of carbohydrates, proteins, and

overall metabolism. It also modifies the response to other stress hormones.

Therefore corticosterone is the primary hormone used to measure stress

levels in rodents. This study investigated the corticosterone levels in feces

of lab mice in response to the ability to voluntarily exercise in a standard lab

cage environment.

•The corticosterone levels from week 1 and week 4 for both groups were 

also compared.

•Odometer readings showed mice ran an average of 2.5 km per wheel over 

a 24 hour period, mostly over the dark phase.

White on lighter gray

Materials and methods in white

Fecal Samples Collected
Stored at -80°C

Corticosterone
Extraction

EIA Assay Kit

Optical Density 
Read at 405nm

Figure 2- Outline of Experimental Methods

Experimental Design
•2 exercise wheels were added to cages 1 and 2

•Schwinn bicycle odometers calibrated to wheel size were attached to 

exercise wheels to establish daily average

•Fecal samples were collected twice a day at 9am and 4pm for first 

week to establish peak and nadir

•Samples were then collected once per day Monday through Friday at 

9am

•Samples were collected twice per day on last three days for a total of 4 

weeks of collection

•Group 1 is comprised of cages 1 and 2, with cages 3 and 4 in group 2

Cage 1 Cage 2 Cage 3 Cage 4

Wheels? Yes Yes No No

# of Mice 3 3 3 4

Figure 1-Organization of cages 

Corticosterone Extraction
•0.1g of feces homogenized with 1mL of methanol

•Centrifuged at 3,000 x g for 10 minutes

•100µL of supernatant added to 1mL of assay buffer

Corticosterone Assay
•To measure the coticosterone levels found in the feces in pg/mL

•Correlate-EIA Corticosterone Assay kit (Cat. No. 900-097) from Assay Designs

•Involves a competitive immunoassay technique

•Well plate read at 405 nm to receive optical density for analysis

•Corticosterone levels inversely proportional to the yellow color produced by the bound enzyme

•The data demonstrates a fair amount of variability in fecal corticosterone

between all data points. The standard deviations between the exercise

group and the non-exercise group suggests there is less variability of

corticosterone levels amongst the exercise group, however a P value of

.4670 shows the difference is not statistically significant. With average

corticosterone levels higher in the beginning of the study, acclimation to the

novel environment can be seen within both groups. Acclimation can also be

seen in regards to weekly cage cleaning. The corticosterone levels

consistently drop from cage clean 1 to cage clean 4, suggesting acclimation

to the procedure.

•The results to date do not demonstrate any statistically significant

differences between groups having access to exercise versus those without

in a standard laboratory setting. This suggests the HPA-axis is responding

at a similar level to the daily stressors of the laboratory mouse. An example

of a daily stressor to the mice in this study may be establishing a hierarchy

within the cage of male mice. In our study, these mice were not placed

under any additional experimental manipulations or stressors such as

frequent handling, blood draws or other such challenges. The next step in

this project is therefore a challenge study in which the cages of mice will be

introduced to a stressor to further understand the connection between

stress and exercise. It is expected the ability to exercise will reduce the

percent increase in corticosterone levels due to an added stressor as

exercise may serve as a coping mechanism, as well as help to the reduce

the negative aspects of the stress.

ABSTRACT
Constant high levels of stress can lead to distress resulting in poor health.

During distress, elevated glucocorticoids can have detrimental effects on the

animal and result in altered physiologic responses to experimental

conditions. Therefore, lowering the stress levels of animals used in research

is a key aspect of refinement both in terms of animal welfare and the validity

and reproducibility of the research. Voluntary exercise has been shown to

have a positive effect on both physiological and psychological states and

also decreases the negative aspects of stress. The aim of this project was to

determine if voluntary exercise would alter the levels of corticosterone, the

primary glucocorticoid hormone in rodents, in mice housed in a standard lab

cage environment. C57BL/6 male mice were placed in one of 2 conditions:

standard or standard with exercise cages. The exercise group was given 2

exercise wheels per cage for 4 weeks. Fecal samples were collected from

both groups daily over a 4 week period and assayed for corticosterone using

an EIA method. Since rodents are the most common animal research

model, identifying ways to decrease the stress levels can enhance animal

welfare and also the quality of the research.
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•Thirteen, four week old C57BL/6 male mice; Housed 3-4 per cage 

•Standard laboratory cages with ad libitum food and water

•12:12 hour light to dark cycle beginning at 6am

•Mice acclimated for 1 week prior to experimental manipulations

RESULTS

Week 1 Week 4 Percent 

Difference

Group 1 531.3 289.7 45.47%

Group 2 416.0 224.05 46.14%

Figure 3: Mean corticosterone levels of the exercise group 

(1) and the control group (2)
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•Optical densities were analyzed following the 

procedures of the EIA kit in order to generate a 

standard curve with the corticosterone 

standards of 20,000, 4,000, 800, 160, and 32 

pg/ml.  

•Corticosterone levels were determined using 

interpolation with the standard curve

•Data produced are corticosterone levels in the 

sampled feces in pg/ml.

•The standard deviation for Group 1 is 138.0 

while Group 2's standard deviation is 173.6 

348.6

Figure 4-Comparison of corticosterone levels




