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Comparative Risk of Human Injury/Exposure
While Collecting Blood from Sedated and
Unsedated Nonhuman Primates
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Collection of blood samples for research or clinical evaluation is one of the most common procedures performed in non-
human primates. Several possible methods can be used to obtain samples. In the early days of primate research, manual or
physical restraint was used, which was stressful for the animal and risky for the human. As the field developed, chemical im-
mobilization with ketamine or other anesthetics has become the most commonly used method. More recently, training using
positive reinforcement has allowed collection of blood samples from unsedated primates that are unrestrained or minimally
restrained. Elimination of anesthesia reduces risks to the animal. We wanted to determine whether the risks to humans were
different between the sedated or unsedated blood collection. We evaluated injury and near-miss reports in conjunction with
blood collection data from 2009 to 2019 at the Washington National Primate Research Center, which houses macaques (M.
nemestrina, M. mulatta, and M. fasicularis) and squirrel monkeys (S. sciureus), and has housed baboons (Papio sp.) in the
past. Injuries associated with sedated blood collection included those occurring during the sedation procedure and recovery
as well as those directly associated with blood collection. Injuries associated with unsedated blood collection included those
which occurred both during animal training and during blood collection. Overall, 22 human injury exposures and 5 near
misses were associated with 73,626 blood collection procedures. Based on these numbers, 0.026% of sedated blood collections
and 0.116% of unsedated blood collections were associated with exposure incidents. In conclusion, our data indicate a very
low risk of exposure associated with blood collection. In this data set, the risk was statistically higher for unsedated animals,
but the low number of incidents and the variability in the methods of blood collection make the general applicability of this

finding questionable.
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Blood collection is a common research procedure. Blood
samples can provide a wealth of clinical information needed
for veterinary care as well as cells, biomarkers, and reagents
required for research. In the early days of nonhuman primate
research, manual/physical restraint was used, which was both
stressful for the animal and risky for the human. As the field
developed, chemical immobilization with ketamine or other
anesthetics before blood collection has become the norm. How-
ever, anesthetics affect physiologic parameters!>17.2638 which
could impact the validity of research results. More recently,
training using positive reinforcement has allowed collection
of blood samples from unsedated primates. These animals are
unrestrained or minimally restrained, a refinement that reduces
stress to the animals.! Elimination of anesthesia is beneficial
in that it reduces risks to the animal and minimizes potential
confounding effects on research. The impact of this change on
human health, in terms of potential for increased exposure to
B virus, has not been evaluated.

Personnel who work with macaques in a research envi-
ronment are well aware of the zoonotic risks of B virus (BV,
Macacine alphaherpes virus 1, formerly known as Herpesvirus
simiae and Cercopithecine herpesvirus 1).4-610-14/18,19,21,33,34,42
Although rarely pathogenic in the natural host, mortality as
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high as 80% can occur in infected humans without prompt,
appropriate treatment.!® Postexposure protocols have been
established and are effective at preventing infection.%2021,3334
However, infections continue to occur, and these can result
in chronic neurologic deficits and may require lifelong treat-
ment.?* The antiviral medications (acyclovir, ganciclovir,) used
for this treatment and for postexposure prophylaxis can have
unpleasant side effects, including pyrexia, diarrhea, leuko-
penia, nausea, anemia, asthenia, headache, cough, dyspnea,
abdominal pain, decreased appetite, and increased creatinine
(Product Information, Cytovene (ganciclovir) Genentech,
South San Francisco, CA). Despite the serious consequences of
exposure to BV, little published information is available regard-
ing the risks of exposure associated with specific husbandry,
veterinary, or research procedures.?3%43

Materials and Methods

We obtained animal records from the Animal Research Man-
agement System (ARMS), an electronic database that contains
records of clinical and research procedures for a colony of non-
human primates. During time period of this study (July 1, 2009
to June 30, 2019), the colony included primarily macaques (M.
nemestrina, M. mulatta, and M. fascicularis), with a small number
of baboons (P. anubis) and squirrel monkeys (S. sciureus); the total
colony size (daily census) ranged from 472 to 1,086 animals. All
animals were housed in an AAALAC-accredited vivarium, and
the University of Washington IACUC approved all research
blood collection procedures.
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In generating the data, blood collection procedures were
considered to have been performed under sedation if the record
contained administration of ketamine or tiletamine-zolazepam
on the same day. If there was no record of sedative admin-
istration, the blood collection was considered to have been
performed without sedation. For research blood collections
for which the investigator was known to possess his or her
own DEA license, IACUC protocols and research records were
reviewed to determine whether the collection was performed
sedated or unsedated.

Information regarding human injuries and near misses was
obtained from reports from the University of Washington On-
line Accident Reporting System (OARS) with personnel names
redacted. Descriptions of the incidents were reviewed to deter-
mine whether incidents were associated with blood collection.
We identified 27 incidents associated with blood collection and
further categorized the specific circumstances of the human in-
jury or exposure (Table 1). Because the incidents associated with
blood collection comprised a small fraction of the total number
of reported incidents, further investigation was performed,
focusing on causes of nonhuman primate (NHP) exposures.
All reported incidents were assigned to categories based on the
narrative description (Table 2). The safety committees reviewed
all incidents monthly. Employees are encouraged to report near
misses and safety concerns in the OARS system so that steps can
be taken to prevent future injuries. Statistical analysis (Fisher
exact test, ANOVA, and Tukey HSD) were performed using R.

Results

During the time period from July 1, 2009, to June 30, 2019,
73,626 blood collection procedures were performed. Of those
procedures, 68,994 were performed under sedation, 3,456 were
performed unsedated, and 1,176 were performed without
animal contact, through an implanted catheter with a tether
device. The unsedated blood collection was performed under
manual restraint for infants (1,546), in a table-top restraint
device (53), either in a procedure cage (1,134) or by skin prick
in the home cage (722). One unsedated blood collection was
performed in a manually-restrained squirrel monkey that the
veterinarian considered too ill to sedate. Approximately 60% of
the exposures (13 out of 22) and near misses (3 out of 5) were not
associated with the blood collection procedure itself, but rather
with ancillary procedures necessary to perform blood collection
(Table 1). For sedated blood collection, this included squeezing
animals for sedation, the sedation injection itself, and returning
sedated animals to the home cage. For unsedated blood collec-
tion, injuries occurred while training animals to transfer into
the procedure cage and during the blood collection procedure.
Ancillary procedures applicable to any type of blood collection
include transferring blood from a syringe to a blood collection
tube and discarding sharps. Two exposures were associated
with failure of safety devices: in one case, a retractable needle
did not retract, and in another, a shield broke off the needle.

Medical treatment was given to all personnel who reported
injuries. All personnel who received NHP exposures performed
appropriate disinfection at the site of exposure® and received ap-
propriate medical care. Any personnel who reported near misses
discussed the incident with an occupational health specialist.
There was no evidence of infection with BV in any personnel.

Overall, 22 personal injury exposures and 5 near misses were
associated with 72,450 blood collection procedures. Eighteen
out of 68,994 (0.026%) of sedated blood collections and 4 out
of 3,456 (0.116%) of unsedated blood collections were associ-
ated with exposure incidents. The Fisher exact test revealed a

statistically higher risk for unsedated compared with sedated
blood collection (P = 0.019). The unsedated blood collections
could be further categorized as trained animals compared
with manually restrained animals. Two out of 1,909 (0.105%)
of collections from trained animals and 2 out of 1,547 (0.129%)
of collections from restrained animals (primarily infants) were
associated with exposures. After this subdivision, no statistical
differences were found among the sedated, manually restrained,
or trained groups.

Blood collection accounted for a small fraction of exposure
incidents. In all, 594 incidents or concerns were associated with
animal nonhuman primate care or research during this time
period. These incidents are categorized in Table 2, which also
demonstrates the variation in the number of reports based on
the day of the week. ANOVA indicated a significant difference
among days of the week (P < 0.001), and Tukey HSD revealed
that more incidents occurred on Monday, Tuesday, Wednes-
day, and Thursday than on Saturday or Sunday. The number
of incidents on Wednesday was significantly higher than on
Friday. A total of 211 of the incidents resulted in potential
NHP exposures (Figure 1). A majority of these incidents (123
out of 211, with 21 out of 22 related to blood collection) were
associated with direct animal contact, such as bites, scratches,
and needlesticks. However, many (88 out of 211) were due to
abrasions, pinches, or cuts from equipment or splashes to the
face. The number of exposure incidents due to splashes (33) was
higher than expected, given that personnel are required to wear
face shields when working near NHP. During this time period,
disposable face shields were most commonly used. Five of the
reports of splashes specifically indicate that a face shield was
worn but that material splashed over the top of or under the
bottom of the face shield. The other reports did not specifically
state whether a face shield was worn. Further investigation of
the specific tasks associated with injuries revealed that a large
number of injuries were associated with manipulating animal
cages (15%, Figure 2). Ergonomic and strain injuries are not
included because the reason for discomfort cannot always be
determined; however, a large number of the reports mention
moving cages as contributing to discomfort.

Discussion

Many of the procedures performed during routine husbandry,
veterinary care, and research involving nonhuman primates
include a potential for human injury and exposure to zoonotic
infection. The Association of Primate Veterinarians recently is-
sued guidelines for nonhuman primate restraint which state that
“Whenever possible, nonhuman primates should be trained,
using positive reinforcement principles, to...participate volun-
tarily with routine experimental practices.”! The guidelines also
point out that one of the considerations in the use of chemical
restraint is the safety of the animals and the human handlers.
The purpose of this study was to objectively evaluate the relative
risk to humans of performing blood collection in animals that
have been trained for unsedated blood collection, in comparison
to animals that have been chemically restrained.

In this study, we used data from incident reports filed at the
time of exposure. This avoids the problems that can occur with
questionnaires, such as low response rates, nonrepresentative
response rates, and recall bias. However, this does not address
exposure incidents that were not reported. Although our institu-
tion strongly supports a culture of safety and incident reporting,
questionnaire-based studies indicate significant underreporting
of NHP exposure incidents nationwide.>#3 Therefore, our data
may be incomplete.
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Risk of NHP exposure during blood collection

Table 1. Potential exposures and human injuries associated with blood collection from sedated or unsedated NHP over a 10-y period (2009-2019).

Phase of blood

Sedated or unsedated collection Category of injury  NHP exposure Description

Sedated Sedation Bite no Bit while restraining infant for sedation. PPE intact.

Sedated Sedation Needlestick no Needlestick which did not penetrate gloves.

Sedated Sedation Abrasion/pinch/cut yes Abrasion from cage while squeezing animal for sedation.

Sedated Sedation Bite yes Bit while squeezing animal for sedation.

Sedated Sedation Needlestick yes Retractable needle did not fully retract after sedation.

Sedated Sedation Needlestick yes Needlestick while manipulating squeeze apparatus.

Sedated Sedation Needlestick yes Needlestick during sedation.

Sedated Sedation Needlestick yes Needlestick during sedation.

Sedated Sedation Scratch yes Scratched by monkey while sedating.

Sedated Sedation Scratch yes Scratched by monkey while sedating.

Sedated Blood collection Needlestick yes Needlestick while reaching for new needle.

Sedated Blood collection Needlestick yes Animal moved unexpectedly.

Sedated Blood collection Needlestick yes Transferring from syringe to blood tube.

Sedated Blood collection Needlestick yes Animal moved unexpectedly when repositioning

needle.

Sedated Blood collection Needlestick yes Animal moved unexpectedly during second veni-
puncture.

Sedated Needle disposal Needlestick yes Removing vacuum phlebotomy tube needle from

vacuum phlebotomy tube holder.

Sedated Needle disposal Needlestick yes Placing vacuum phlebotomy tube needle in sharps
container.

Sedated Needle disposal Needlestick yes Safety shield broke off, and got needlestick while

disposing of sharps.
Sedated Needle disposal Needlestick yes Disposing of needle in poorly-located sharps container.
Sedated Recovery Scratch yes Scratched by nearby animal when returning sedated
animal to cage.

Unsedated /trained Training Scratch no Scratch while training monkey in procedure cage.
PPE intact.

Unsedated /trained Blood collection Scratch no Scratch while performing blood draw in procedure

cage. PPE intact
Unsedated /trained Blood collection Bite yes Bit while trying to distract monkey from needle
during trained blood collection.

Unsedated/trained Blood collection Needlestick yes Needlestick while collecting blood in home cage.

Unsedated /restraint Blood collection Needlestick yes Repositioning limb to obtain blood.

Unsedated /restraint Blood collection Scratch no Scratch while restraining infant for blood collection.
PPE intact.

Unsedated /restraint Blood collection Bite yes Restraining ill squirrel monkey for blood draw.

One consideration in determining the risk of exposure is
that perception plays a role in how careful people are. Surveys
indicate that personnel performance and perception of risk
are impaired when the workload is excessive.*0 A previous
study39 showed that personnel received fewer exposures when
working with SIV-infected macaques than when working with
SIV-negative macaques, presumably due to increased awareness
and caution with known infected animals. Similarly, attitudes
toward safety could be different when working with unsedated
animals than with sedated animals. Prior reports on NHP ex-
posures have emphasized the high frequency of needlesticks.??
This current report shows that the risk per blood collection event
is low; however, a very large number of blood collection events
are performed in an active NHP research facility.

An investigation into the specific circumstances of NHP
exposures associated with blood collection reveals factors not
previously considered. Although the risk of exposure during
the act of blood collection is lower in sedated animals than in
unsedated animals, a risk is present both in sedating animals
and in returning animals to their home cages after sedation. The

process of sedated blood collection involves steps that do not oc-
cur in unsedated blood collection: use of the squeeze apparatus,
intramuscular injection in an unsedated animal, removal of the
animal from its cage, transport to the procedure area, and return
of the animal after the procedure. In contrast, animals must be
trained for unsedated blood collection, involving direct animal
contact both prior to and during the blood collection procedure;
these processes are not required for sedated blood collection.

Positive reinforcement techniques (PRT) have been used to
train nonhuman primates to cooperate with a number of hus-
bandry, veterinary, and research procedures, including transfers
from the home cage, injections, urine collection, blood pressure
measurement, saliva collection, vaginal swabs, transfer to re-
straint chairs, and blood collection.89:22:2325,27,28,36,37 44 Training
can reduce behavioral and physiologic indicators of stress asso-
ciated with these procedures.”??3> However, all animals are not
equally trainable; those with an “exploratory” temperament are
much more likely to succeed at target training than “inhibited”
monkeys.? Juvenile monkeys are reportedly less successful at
training than adults.®

http://prime-pdf-watermark.prime-prod.pubfactory.coﬁﬁ 2025-02-25



Vol 59, No 4
Journal of the American Association for Laboratory Animal Science
July 2020

Table 2. All reported injuries or health concerns categorized by type of incident and by day of the week over a 10 y period.

Category Sun Mon Tue Wed Thu Fri Sat Total
Abrasion/pinch/cut 9 11 22 29 18 18 8 115
Bite 2 5 5 12 12 4 3 43
Bumps/Contusions 2 8 8 10 4 4 43
Concern 4 10 17 9 4 5 51
Needlestick 3 5 5 13 9 6 41
Scratch 4 10 14 11 9 9 63
Splash 1 9 10 12 7 5 49
Vehicle 1 3 4
Ergonomic/strain/sprain 10 23 22 22 16 15 1 109
Other 7 10 4 5 5 2 33
Slips, trips, and falls 5 5 9 8 8 5 3 43
Total 40 93 107 136 106 75 37 594
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Figure 1. Human injuries reported over a 10-y period categorized by the type of injury and whether an NHP exposure occurred (red) or did not

occur (blue).

The time needed for training can be an obstacle to performing
blood collection in unsedated NHP and may vary depending on
the training technique and the amount of restraint employed.
Reported training times for rhesus macaques range from 30 to
60 min??3141 to approximately 200 to 300 min® per animal. For a
large NHP colony, investing this amount of time in every animal
is not practical, particularly when blood collection is often per-
formed in conjunction with other procedures, such as physical
examination. On the other hand, if frequent blood collections
are needed for research purposes, the time investment may be
worthwhile, given the reduction in stress and risk to the animal.

This study examined the relationship of exposure incidents
to the number of blood collection events but was not designed
to evaluate the number of incidents in relation to time spent
in contact with animals and sharps. Assuming that the actual
blood collection procedure takes the same amount of time in
both situations, an additional 10 to 15 min of time in contact
with NHP and sharps is necessary for sedation and recovery

each time blood is collected from sedated animals. In contrast,
as discussed above, a significant amount of time is needed to
train animals for unsedated blood collection, but once that is
done, no additional time is needed per collection event. Also,
training usually does not involve sharps, making it a lower risk
task than sedation.

Exposures and injuries due to blood collection account for a
small fraction of the reported incidents and concerns. Our data
revealed that moving and manipulating cages contributes to
the risks of working with NHP. We also found that the number
of incidents of all types varies with the day of the week. We ex-
pected a lower number of incidents on Saturday and Sunday as
fewer personnel work on the weekend. Our data contained fewer
blood collection events on Fridays than on other weekdays. We
suspect that the lower number of incidents on Fridays than on
Wednesdays is related to fewer animal procedures taking place on
Fridays. Why this difference is large enough to reach significance
for Wednesdays but not for other weekdays is not clear.
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Figure 2. Human injuries reported over a 10-y period categorized by the type of injury and whether the injury was associated with cage ma-
nipulation (red) or not (blue). Note that ergonomic issues and strains and sprains are not included, because they often were not associated with

a specific event.

In conclusion, although the probability of an exposure
differed significantly between sedated and unsedated blood
collections, no practical difference in the probability of an inci-
dent was associated with sedated (0.026% of blood collections)
as compared with unsedated (0.116% of blood collections)
situations. In other words, 99.97% of sedated and 99.88% of
unsedated blood collections occurred without incident.
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