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Abstract
Identification of experimental subjects is necessary to ensure the overall success of a preclinical study. Many different methods such as
tail-tattooing, ear-tagging, ear notching, and implantation of radio-frequency identification (RFID) transponders exist. These procedures are
considered to be relatively non-invasive and therefore not typically taken into consideration into the overall experimental design. Our goal
was to understand the duration and magnitude of impact of animal identification (ID) on animal behavior and physiology. Using a
continuous monitoring platform that automatically assesses motion and breathing rate 24/7, we performed retrospective analysis on data
gathered during the acclimation period (3-14 days prior to study start) of independent mouse studies (n=10-117 cages/ study). We found
that several animal ID procedures, such as tail-tattooing, ear-tagging, and RFID implantation, resulted in distinct changes in activity and
breathing rate. More specifically, we observed a <50% decrease in daytime motion and <15% decrease in night-time motion post-tail-
tattooing and ear-tagging, as well as a 60% decrease in motion post-RFID implantation. Tail-tattooing also resulted in a 20% increase in
breathing rate. These behavioral and physiological changes lasted two to three days post-procedure. Consistent elevations in breathing
rate post-tattooing compared to post-ear-tagging may suggest that the former is more invasive of the two animal ID methods. Animal
identification procedures, especially when combined with other procedures (e.g. blood collections, dosing, handling, etc.), can have acute
or long-term effects on animals that are likely to contribute to higher inter- and intra-animal variability on study, thereby necessitating the
need for larger study sizes. Insights from this study can guide researchers to make more informed decisions around the choice and timing
of animal identification, specifically in choosing a method and a time with the least impact on the animal while still achieving study aims.

Figure 2.  Sample schematic showing how metrics are aligned to day of procedure. 
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Figure 3. In two independent experiments involving pair-housed female C57Bl/6J mice, daytime (a-b) and night-
time (c-d) motion ratios significantly decreased during days when tail-tattooing was performed (Tattoo) compared
to days when this procedure was not performed (No Procedure). There was also a trend towards elevated
breathing rate ratios (e-f). *P≤0.05 vs. Day -1 by Dunnett’s test.

Figure 4. In two independent experiments involving pair-housed female C57Bl/6J mice, daytime (a-b) and night-time
(c-d) motion ratios significantly decreased during days when ear-tagging was performed (Ear-tag) compared to days
when this procedure was not performed (No Procedure). Breathing rate significantly decreased in ear-tagged mice in
Experiment 1, but remained similar in ear-tagged mice in Experiment 2 (e-f). *P≤0.05 vs. Day -1 by Dunnett’s test.

Radio-frequency Identification (RFID) Implantation

• Effect on Motion: RFID (~60% Reduction) > Tail Tattoo and Ear Tag (<50% Daytime Reduction and <15% Night-Time Reduction).
• Effect on Breathing: Tail Tattoo (~20% Increase) > Ear Tag (~10% Decrease).
• Parameters returned to pre-procedure baseline within 2 to 3 days. 
• Vium Digital Data allows investigators to determine when best to initiate experimental manipulations without confounding effects of ID methodology. 
• Research enhances animal welfare and improves the potential for scientific study reproducibility.

Figure 5. Mice with RFID microchips implanted intraperitoneally (IP) and subcutaneously (SC) demonstrate variable responses in activity and recovery times. a. Overlay of average daytime and night-time activity (mm/sec). b. Individual
activity profiles pre- and post-procedure for SC- and IP-implanted mice. Prior to procedure, night-time motion was similar between groups. However, only IP mice showed a significant decrease in activity on the night after implantation
(Night 0) compared to the previous night (Night -1) (IP: 65.10 ± 32.85 mm/sec vs. 117.60 ± 38.78 mm/sec, P≤0.05; SC: 96.90 ± 21.42 mm/sec vs. 101.97 ± 14.03 mm/sec, ns). Furthermore, 0 of 5 (0%) SC mice showed >60% motion loss compared
to 3 of 5 (60%) IP mice on Night 0. By Night 3, 2 of 5 (40%) IP mice still showed >60% motion loss. A subset of IP mice also demonstrated abnormal circadian rhythm patterns characterized by increased bouts of daytime motion and lower
night-time motion post-implantation. Gray dotted line indicates approximate time of microchip implantation. Shaded gray area indicates approximate period of dark cycle.
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Ear-Tagging

The Vium Digital Platform
Vium Digital Smart Houses consist of standard individually ventilated cages (IVC) slotted in Vium’s proprietary rack system (Figure 1). Vium Digital Smart Houses are
outfitted with sensors and a high-definition (HD) camera that enables continuous, 24/7 monitoring of animals that streams data to a secure cloud-based
infrastructure. The Vium Digital Platform obtains and maintains a digital record of the following information: 1) procedures with corresponding event times, 2) data
analytics on motion and breathing rate, 3) verification of illumination. This study used the validated Vium Motion (mm/sec) and Vium Breathing Rate (breaths per
minute or bpm) metrics.

Figure 1.  Schematic of Vium Digital Platform

Housing
Upon arrival, all animals were maintained in specific-pathogen-free (SPF) facilities and housed in Vium Digital Smart Houses containing corn cob bedding. Animals
had ad libitum access to food (Pico Rodent Diet 5053, Lab Diet, Inc., St. Louis, MO) and acidified, sterile water (Innovive, San Diego CA). Depending on the type of
study, animals were either group/pair- or single-housed. Experiments were conducted in Vium’s AAALAC-accredited Digital VivariumTM in accordance with the NIH
Guide for the Care and Use of Laboratory Animals and were approved by Vium’s Institutional Animal Care and Use Committee.

Tail-tattooing
Eight-week old, female C57Bl/6J mice (Jackson Laboratories, Bar Harbor, ME) were pair-housed in Vium Digital Smart Houses. Retrospective data analysis was
performed on two independent studies (Experiments 1 and 2), specifically on data collected during a 14-day acclimation period prior to study start. At least three days
after arrival, mice from Experiments 1 and 2 were tattooed on their tails using ATS-3 Animal Identification and Marking Systems (AIMS) Rodent Tattoo System (AIMS,
Inc., Hornell NY) without the use of anesthesia. Tail-tattooing was conducted during the light cycle (06:00-18:00 PDT). Sample sizes were n=87-117 cages (Experiment
1) and n=24-27 cages (Experiment 2).

Ear-tagging
Eight-week old, female C57Bl/6J mice (Jackson Laboratories, Bar Harbor, ME) were pair- housed in Vium Digital Smart Houses. Retrospective data analysis was
performed on two independent studies (Experiments 1 and 2), specifically on data collected during a 14-day acclimation period prior to study start. At least three days
after arrival, mice were ear-tagged using RapID Tags (RapID Lab, Inc., San Francisco, CA) (Experiment 1) or ear tags from Stoelting (Wood Dale, IL) (Experiment 2)
without the use of anesthesia. Ear- tagging was conducted during the light cycle (06:00-18:00 PDT). Sample sizes were n=33-36 cages (Experiment 1) and n=85-100
(Experiment 2) cages, r.

Radio-frequency Identification (RFID) Implantation
Six-week old, male BALB/c mice, weighing between 23 and 25g (Charles River Laboratories, Hollister, CA) were single-housed in Vium Digital Smart Houses.
Retrospective data analysis was performed on data collected during the acclimation period prior to study start. At least three days after arrival, mice were implanted
with radio-frequency identification (RFID) microchips (BioMedic Data Systems, Inc., Seaford, DE). RFID implantation was conducted during the light cycle (06:00-18:00
PDT). Sample sizes were n=5 mice per group.

Statistics
Raw daytime motion (collected from 06:00-18:00 PDT), night-time motion (collected from 18:00-06:00 PDT), and breathing rate metrics (collected from 06:00-06:00
PDT) were averaged for each day/night. Metrics were aligned to the day of procedure (Day 0). Therefore, Day -1 and Night -1 represent the day and night just prior to
the procedure, respectively, while Day 1 and Night 1 represent the day and night post-procedure, respectively (Figure 2). For the tail-tattooing and ear-tagging
experiments, raw data collected on the day or night following procedure (Night 0), as well as subsequent days/nights, were normalized to the day or night prior to
procedure (Day -1 or Night -1, respectively) to produce motion ratios. To evaluate the effects of a specified procedure within each experiment or cohort of mice,
consecutive days when the specified procedure (e.g. animal identification) was not performed (i.e. No Procedure control days) were used for comparison.

Materials and Methods


