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Assessing Reuse of Hypodermic Needles in Mice
by means of Digital Imaging, Photomicrography,
Bacterial Culture, Analysis of Nest Building,
and Animal Vocalization

Terese E Bennett,* Jason Rizzo,? Sharon Yang,® and Edward Rosfjord?

Hypodermic needles are sometimes reused in animal research settings to preserve the viability of and to conserve limited
quantities of injected material. However, the reuse of needles is strongly discouraged in human medicine to prevent inju-
ries and the spread of infectious disease. No official guidelines prohibit needle reuse in veterinary medicine, although the
practice may be discouraged. We hypothesized that reused needles would be significantly more blunt than unused needles
and that reuse for additional injections would cause more animal stress. To test these ideas, we evaluated mice that were
injected subcutaneously in the flank or mammary fat pad to generate cell line xenograft and mouse allograft models. Nee-
dles were reused up to 20 times, based on an IACUC-approved protocol. A subset of reused needles was digitally imaged to
determine needle dullness based on the area of deformation from the secondary bevel angle; this parameter was not differ-
ent between new needles and needles that had been reused 20 times. In addition, the number of times a needle was reused
was not significantly related to audible mouse vocalization during injection. Finally, nest building scores for mice that were
injected with a needle used 0 through 5 times were similar to those of mice injected with a needle had been used 16 through
20 times. Among the 37 reused needles that were tested, 4 were positive for bacterial growth; the only organisms cultured
were Staphylococcus spp. Contrary to our hypothesis, reusing needles for subcutaneous injections did not increase animal

stress based on analysis of vocalization or nest building.
Abbreviation: SBA, secondary bevel angle
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Introduction

In the United States, the Occupational Safety and Health
Administration regulates the use of hypodermic needles in hu-
man medicine to control the spread of bloodborne pathogens
and minimize needlestick injuries.® In addition, the Centers for
Disease Control prohibits using single-use needles on multiple
patients* and has launched the One & Only campaign to elimi-
nate unsafe medical injections in human healthcare.” However,
the use of hypodermic needles for purposes involving animal
blood or body fluids remains largely unregulated, or in some
cases, is specifically excluded from federal and state provi-
sions. Standard OSHA 1910.1030(b) defines the term ‘blood” as
human blood, human blood components, and products made
from human blood.® Most states have drug paraphernalia laws
that reference hypodermic needles.>® However, this legislation
does not extend to animal-related needle use. For example, New
York state provisions overtly exclude livestock producers from
limitations on the possession and dispensing of needles,® and
the Illinois Hypodermic Syringes and Needles Act excludes
persons engaged in chemical, clinical, pharmaceutical, or other
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scientific research, regardless of whether the person has medi-
cal training.?

A large body of literature is available on the use of hypo-
dermic needles in human healthcare, covering such topics as
vaccine development and distribution,'%?4%” bloodborne patho-
gens, 3153843 addiction,”?3240 dentistry,!*” and diabetes.344252
Needle reuse in veterinary medicine has been evaluated in
agriculture and food production>101217:19.2033 and in advanced
procedures such as arthrocentesis,! laparoscopic surgery,?!*
ultrasound-guided biopsy,'® and advanced imaging.?> However,
we have been unable to find published scientific data regarding
needle reuse in research animals.

Language describing needle reuse is largely absent from
regulatory documents governing animal research. The USDA
Animal and Plant Health Inspection Service Animal Welfare
Act and Animal Welfare Regulations do not contain the word
‘needle.”** The Guide for the Care and Use of Laboratory Animals
mentions needles only once, identifying them as a potential
physical safety hazard.?? The Guide for the Care and Use of Agri-
cultural Animals in Research and Teaching states that “Investigators
and animal care staff should utilize best management practices
associated with the use of syringes and handling needles”
but does not elaborate on what those best practices are.? The
Biosafety in Microbiologic and Biomedical Laboratories (BMBL) is
slightly more descriptive about needle use, including language
prohibiting recapping or removing a needle from a syringe, but
only briefly mentions that an institution needs to have needle
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policies consistent with applicable state, federal, and local re-
quirements.*® The Animal and Plant Health Inspection Service
documents are descriptive rather than prescriptive, stating that
blood collection and intramuscular injections in agricultural
animals in a food production setting should be performed with
a single-use needle.*”

Many animal research institutions do not explicitly prohibit
needle reuse.?#%° However, welfare groups advocate using a one
needle—one animal approach to minimize any risk to animal
welfare.3! Our institution (pharmaceutical research and devel-
opment) recently implemented a global policy limiting needle
reuse to a single cage of rodents (that is, 5 mice). An IACUC-
approved oncology protocol at our institution contained an
additional exemption that permitted reusing needles as many
as 20 times in order to reduce the number of tumor cells lost
to hub volume and the amount of time for filling syringes to
maximize tumor cell viability.

The goal of the current study was to obtain quantifiable data
on the effect of needle reuse on mice that received subcutaneous
injections for the development of cell line xenograft and mouse
allograft tumor models. To that end, digital imaging was used
to measure secondary bevel angles of new and reused needles
to determine the degree of needle blunting. Aerobic cultures of
new and reused needles were performed to assess the potential
for spread of pathogens between mice. Mouse vocalization and
nest building were used to assess animal pain and distress.
We hypothesized that data would reveal a little or no effect of
needle reuse.

Materials and Methods

Animal subjects. This study was conducted at Pfizer (Pearl
River, NY) when all authors were affiliated with that company.
All study work was approved by the Pfizer Pearl River IACUC.
All mice were housed in an AAALACi-accredited facility in
accordance with the Guide for the Care and Use of Laboratory
Animals.?

The study used 619 female mice (119 Crl:NU-Foxn1™ and 500
BALB/cAnNCrl; 7 to 8 wks old; Charles River Laboratories,
Wilmington, MA) that were housed in random groups of 5 in
microisolation cages. At least 3 d were permitted for acclima-
tion to use. Mouse groupings remained constant throughout
the study. Room environmental parameters included controlled
temperature (72 +2 °F [22+1°C]), relative humidity (50% + 15%),
and photoperiod (12:12-h light:dark; lights on, 0600). BALB/c
mice were housed in reusable autoclaved individually venti-
lated polysulfone cages (GM500, Tecniplast, West Chester, PA).
Nude mice were housed in disposable individually-ventilated
polyethylene terephthalate caging (Innorack 3.5, Innovive, San
Diego, CA). Both types of caging received 60 air changes per
hour. All cages contained approximately 180g of 1/4-in.
(0.63-cm) corncob bedding (Bed-o’Cobs, The Andersons, Mau-
mee, OH). All mice had free access to irradiated, low isoflavone,
pelleted rodent chow (5V02, Purina Mills International, St.
Louis, MO) and UV-sterilized, reverse osmosis—filtered munici-
pal water chlorinated to 2 to 3 ppm. Cage enrichment included
shredded paper bedding (Bed-r'Nests, The Andersons), a poly-
carbonate hut, and nylon chew bones (Bio-Serv, Flemington, NJ).

Based on vendor reports, BALB/c mice were free of mouse
hepatitis virus, all mouse parvoviruses, mouse kidney par-
vovirus, ectromelia virus, K virus, polyoma virus, mouse
cytomegalovirus, epizootic diarrhea of infant mice virus,
mouse thymic virus, lactate dehydrogenase elevating virus,
mouse norovirus, mouse encephalomyelitis virus, lymphocytic

choriomeningitis virus, Sendai virus, pneumonia virus of mice,
respiratory enteric virus type 3, Hantaan virus, mouse adenovi-
rus, Mycoplasma pulmonis, Bordetella bronchiseptica, Streptococcus
pneumoniae, Pasteurella spp., Salmonella spp., Streptobacillus
moniliformis, Filobacter rodentium, Corynebacterium kutscheri,
Helicobacter spp., Citrobacter rodentium, Clostridium piliforme,
Pneumocystis murina, Encephalitozoon cuniculi, major gastro-
intestinal metazoan endoparasites, major ectoparasites, and
major enteric protozoa. Nude mice were also free of Klebsiella
oxytoca, Klebsiella pneumonia, Pseudomonas aeruginosa, Staphylo-
coccus aureus, p-hemolytic Streptococcus, Corynebacterium bovis,
and Proteus mirabilis.

Injections. All needles used for injection were 25-gauge x
5/8-in. (1.6-cm), 1-mL slip tip needles (1 = 359, Becton Dickin-
son, Franklin Lakes, NJ; n = 260, Nipro Medical, Miami, FL).
Injections were made subcutaneously into the right flank
(n = 414) or mammary fat pad (1 = 205) by 3 staff members who
had documented training and proficiency in performing such
injections. Each mouse was injected with 0.2 mL of tissue culture
cells in cell media. Each mouse was only injected once. After
5 mice were injected, the needle was gently removed, the syringe
was refilled, and the needle was reattached onto the syringe.
This process was repeated for a maximum of 4 times (20 mice)
per needle. Needles that were dropped or seemed dull were
discarded immediately. Data were collected from 5 cohorts of
mice between 2019 and 2020.

Bacterial culture. Swabs of a subset of needles (1 = 37; 8 nu/nu
from cohort 1; 29 BALB/c [6 from cohort 2, 7 from cohort
3, 11 from cohort 4, and 5 from cohort 5]) were submitted for
aerobic culture at a commercial laboratory (Charles River Labo-
ratories, Wilmington, MA). After the last mouse was injected,
the tip of the needle was gently wiped with a swab and placed
into a culturette containing media (Amies gel without charcoal,
BD BBL CultureSwab, Becton Dickinson). Among the cultured
needles, 4 were controls (opened but never used for injection),
3 had been used 5 times, 1 had been used 10 times, 1 had been
used 15 times, 2 had been used 19 times, and 26 had been used
20 times.

Needle imaging. After swabs had been obtained, needles were
removed from syringes, placed into a 70% ethanol bath for 5min,
and then reattached to a 5-mL syringe containing 70% ethanol;
the contents were expelled through the barrel of the used needle
for disinfection. Needles were then carefully recapped, pack-
aged, and shipped to another facility (Pfizer, Groton, CT) for
imaging; unused needles were shipped to the imaging facility in
their original manufacturer packaging. Extreme care was taken
to ensure that needles did not contact any other surface during
the disinfection and recapping process. Needles were inspected
in room light and at 200x magnification by using a digital imag-
ing system (VHX-6000, Keyence, Itasca, IL). Photomicrographs
were captured using the Keyence Depth-up and Multilighting
features. Plane measurement tools were applied to the images
to quantify defects. The needles were viewed from the side,
and the secondary bevel angle (SBA) was measured. The bevel
angle and the bottom edge of the barrel are assumed to meet at
a point, and the area between the needle and this point is equal
to the area of deformation. These measures are consistent with
the International Organization for Standardization.?

Nest building. Nest building was scored as previously de-
scribed! for a subset of BALB/c mice (34 boxes, 170 mice total)
from a single study cohort (cohort 4 of 5).4 All housing enrich-
ment materials present in the cage (huts, crinkled paper nesting
material) were removed at time of injection. Then 10+0.3 g of
new Bed-r'Nest material (The Andersons) were added to each
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box after injection of the last mouse in the box. The nest was
scored 24h later at approximately 7 to 9h after room lights
came on. When bedding material was untouched, the entire
nest received a score of 0. When nest material had been ma-
nipulated but no distinct nesting site could be identified, the
entire nest received a score of 1. When a distinct nesting site
could be identified, the nest was analyzed as a square; each of
the 4 corners received a score of 2 (nest was flat without shallow
walls), 3 (wall height less than half the height of a dome), 4 (wall
height equal to half the height of a dome), or 5 (wall taller than
half the height of the dome). The 4 scores for each nest corner
were then averaged to give an overall nest score. See reference
18 for a diagram.

Vocalization. All BALB/c mice (cohorts 2 through 5; n = 500)
were evaluated for vocalization during injection. Mice that pro-
duced an audible noise at any point during injection or needle
removal were considered to have vocalized; vocalizations that
occurred before or after injection (i.e., during restraint only)
were not counted. All mice were scored for vocalization by the
same observer (TEB).

Statistical analyses. Statistical significance was defined as
p < .05. Descriptive data were presented as mean values and
standard deviations. Deformation from SBA was compared by
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Reuse of needles for skin injection in mice

using an unequal variances f test. Nest building scores were
analyzed by using one-way ANOVA. Vocalization was analyzed
by using a X? test. All analyses were performed by using SAS
9.4 (SAS Institute, Cary, NC). Figures were made by using Prism
8 (GraphPad Software, La Jolla, CA).

Results

Bacterial culture. Of the 37 needles cultured, 4 (11%) tested
positive for bacterial growth on TBA agar. One needle used for
5 injections in cohort 4 tested positive for Staphylococcus hominis,
one needle used for 15 injections in cohort 3 tested positive for
S. lentus, and 2 needles used for 20 injections in cohort 3 tested
positive for S. nepalensis. Bacteria were cultured only from nee-
dles that had been used to inject BALB/c mice.

Photomicrography. Representative images of unused nee-
dles (n = 22) and needles reused 20 times (1 = 23) are shown
in Figure 1. The SBA did not differ significantly between new
(M =19.28°) and reused (M = 19.24°) needles, t(40.66) = 0.29,
p = .77 (Figure 1 B). The area of deformation relative to the
SBA did not differ significantly between new (M = 4577 um?,
SD =2349.7) and reused (M = 4178 um?, SD = 2193.3) needles,
t(42.45) = 0.59, p = .56 (Figure 1 C). The needle with the largest
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Figure 1. Measurement of the secondary bevel angle and area of deformation of new and reused hypodermic needles. Needles (25-gauge x
5/8-in., 1-mL slip tip) that were unused or reused for 20 subcutaneous injections in SPF mice were observed in room light at 200x magnification.
Plane measurement tools of photomicroscopy software was used to calculate the secondary bevel angle (red straight lines); using the secondary
bevel angle, the area of deformation was calculated by using the individual area function (shaded red area). (A) A needle that had been reused
for 20 subcutaneous injections; this needle had the largest area of deformation among all needles imaged. Neither (B) secondary bevel angle nor
(C) area of deformation differed between new and reused needles (p = .77 and p = .56, respectively). Included are representative images from

(D-F) 3 unused needles and (G-I) 3 needles reused for 20 injections.
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Figure 2. Nest building after injection with reused needles. A total of 255 BALB/c mice received subcutaneous injections with needles that
had been reused for a maximum of 20 times. Mice were grouped by cage according to how many times the needle was used (1 through 5, 6
through 10, 11 through 15, or 16 through 20 times). At 24 h after injection, nests were scored according to the robustness of the nest that was
created. (A) Average nest scores did not differ between groups (p = .70). (B) Aerial and (C) and side views of a nest that received a score of 5 for
each corner. (D) A nest that received a score of 5 for the left corner and a 2 for the right corner.

area of deformation (10,874.23 nm?) had been reused 20 times ~ Nest scores did not differ significantly between groups, F(3, 47) =
(Figure 1 A). 048, p = .70 (Figure 2 A).

Nest building. Boxes of mice were categorized based on the Vocalization. Mouse vocalization audible to humans dur-
number of times the needle had been reused for those miceattime ~ ing injection showed no significant relationship with the
of injection. Mean 24-h nest scores were 4.7 (1 through 5 times), number of times a needle had been used, X*(19) = 23.98,
4.6 (6 through 10), 4.6 (11 through 15), and 5.48 (16 through 20). P = .20 (Figure 3).

Hl No vocalization
25 Vocalization
20
15

10

Number of animals

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Order Injected

Figure 3. Vocalization after subcutaneous injection with reused needles. A total of 500 BALB/c mice were observed during subcutaneous injection
of tissue culture cells in cell media for producing tumor models. Mice that produced an audible noise at any point during injection or needle removal
were marked as having vocalized. Mouse vocalization showed no relationship to the number of times a needle was used (p = .20).
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Discussion

Reusing a needle for multiple injections increases the risk
of pain and infection in human and veterinary patients.!%324
Our IACUC requested objective data regarding needle reuse
in mice during the creation of cell line xenograft and mouse
allograft tumor models. Oncology researchers held an exemp-
tion for needles to be reused 20 times, contrary to our standard
institutional policy of 5 times. The justification was that tumor
cells are collected in a specific volume and thus become a limited
resource for inoculation into mice. Many cell lines are suspended
in viscous media, which creates large air bubbles that must be
voided. Increasing the time spent during the injection process
theoretically threatens cell viability, potentially increasing the
number of mice required for tumor modeling studies.

Veterinary staff at our institution initially explored switch-
ing to low hub-space needle-syringe combinations, but these
needles could not be removed from the syringes, which was an
important initial step for loading cell material into the syringe.
We therefore evaluated methods and materials that were already
in-use for the oncology studies in the current study.

The methods of pain assessment that we used here were
chosen due to limited access to the mice. Creating a specific
animal use protocol that includes additional measurements of
stress was viewed as an unjustifiable use of animal resources.
Imaging and swabbing the needles after use was a simple task
that did not alter procedures currently approved on the protocol.
Similarly, analysis of nest building and vocalization did not re-
quire animal manipulation and could be performed by a single
observer, in contrast to the time to integrate to nest test (TINT)3®
or mouse grimace scoring.?’ Audible vocalization was analyzed
instead of ultrasonic vocalization because published literature
suggests that ultrasonic analysis may not be any more useful for
analyzing acute, momentary pain than audible vocalizations.?!

The AWA considers injection with a hypodermic needle
the upper limit for a procedure in an animal before deeming
it ‘painful.”® However, mice are not a covered species under
the AWA, and many approaches to assessing rodent pain and
nociception may be unreliable for assessing in mild discomfort
due to injection alone.

We considered other quantifiable methods of measurement,
including skin histopathology and needle penetration per-
formance, but study endpoints depended on tumor growth,
and none of the mice required euthanasia immediately after
injection, when histopathologic analysis would have been
most valuable. In addition, statistical consultation suggested
an extraordinarily large number of mice would be needed to
observe acute histologic changes due to subcutaneous injection.
Visual health checks were performed once daily as a part of our
normal husbandry routine, and veterinary staff did not receive
any reports of abnormal skin lesions after injection.

The International Organization for Standardization has devel-
oped and published international standards regarding single-use
hypodermic needles.** As described in this standard, the SBA
should be 17° + 2°. The average SBA for both new and unused
needles in the present study (M =19.28°, SD = 0.5 and M = 19.24°,
SD = 0.4 respectively) fell outside this range. The proportion of
new needles that did not fall within the ISO standard was 15 of 22
(68%), as compared with 17 of 23 (74%) of reused needles. However,
we chose not to exclude any needles from our dataset because the
person administering the injection could not judge the SBA of an
unused, manufacturer-packaged needle without having conducted
imaging prior to the start of the study.

The only needles that tested positive for bacterial growth
were those used on immunocompetent, SPF BALB/c mice.

Reuse of needles for skin injection in mice

One needle tested positive for S. hominis, which is commonly
isolated from human skin and may have an active role in healthy
skin protection.*! S. nepalensis and S. lentus have been isolated
from the skin of SPF naive C57BL/6 mice,* although the patho-
logic significance of these species is uncertain. Staphylococcus
spp. are not excluded from immunocompetent mice at our
facility or by the vendor. The skin of study mice, cell cultures
or media, and the procedure area were not cultured, so we
cannot draw conclusions about whether the isolated bacteria
came from the skin of the mice or from another location. No
bacteria were isolated from needles used on immunodeficient
nu/nu mice, which were bred and maintained at the vendor at
a health status that excluded additional specific opportunistic
organisms, including S. aureus.

The scope of our current study is limited to subcutaneous
injections for tumor creation in mice. Skin thickness is not
consistent between species or even among different strains of
mice,* and additional resistance from injecting through thicker
skin might change the SBA and area of deformation after needle
reuse. Other contributing factors could be the gauge of needle,
the route of injection, or the material being injected.

In conclusion, reusing hypodermic needles for subcutaneous
injection in SPF mice for as many as 20 times does not signifi-
cantly increase needle defects or adversely affect nest building
or animal vocalization. We do not recommend standardizing
needle reuse but share our results to encourage institutions
to challenge historical practices and make evidence-based
decisions.
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