
Purpose
This document is intended to serve as a reference for the es-

tablishment of new policies or the assessment of current policies 
regarding blood volume collection limits and blood collection 
techniques in nonhuman primates (NHP).

Background
There is a paucity of literature available on safe blood collec-

tion volumes and practices, especially for nonmacaque and New 
World primate species. Blood collection practices for research 
or clinical purposes should be designed to prevent both harm 
to the animals and the introduction of experimental confounds 
associated with excessive blood collection. 

Guidelines
Determining safe collection limits.

Blood collection limits should be expressed as a proportion, or 
percentage, of an individual animal’s circulating blood volume 
(CBV) that may be collected over a set period. 

Estimating CBV. CBV is dependent on lean body mass. Lean 
body mass may be measured directly using bone densitometry 
(DXA) scan or estimated using body weight (BW) and body 
condition scoring (BCS). The positive correlation between BCS 
and % body fat has been validated in NHP.16

Safe collection volumes. The percentage of CBV that may be 
safely collected typically ranges from 10% to 20%. This percent-
age should take into consideration the period of collection. The 
time needed for full recovery from blood collection may vary 
among individuals depending on immune status, age, sex, and 
disease state. For healthy animals, a ‘rolling sum’ is often used 
wherein the total volume of blood collected must not exceed 
the policy limit over a given period, for example, 15% of CBV 
over a 21-d period. This allows 21 d of recovery after a single 
maximum blood collection and takes into consideration the 
cumulative effects of multiple submaximum collections. There 
is little evidence in the NHP literature regarding recovery times 
needed after large single collections compared to recovery 
times needed for smaller, more frequent collections. The values 
reported here represent common industry standards. This is an 
area in need of further investigation.

Practical application. A ‘rule-of-thumb’ that is commonly 
applied at biomedical institutions is the ‘10%:10% rule,’ wherein 
the maximal sample volume allowed is 10% of the blood vol-
ume, and the blood volume is estimated as 10% of the body 
weight (approximately 100 mL/kg).9,15,19 The ‘10%:10% rule’ 
was borne of mathematical convenience rather than scientific 
evidence and has been shown to overestimate the maximum 
blood collection limits in overweight/obese animals. In light 
of this, institutions are encouraged to incorporate algorithms 
and mathematical formulas for blood collection limits with 
the assistance of their medical records so that a specific ani-
mal’s total volume of blood available for withdrawal may be 
recorded. Institutions with electronic medical record systems 
may be able to utilize tracking functions to record volumes 
withdrawn and automatically subtract from the total available 
during a given period. In the example of a 21-d ‘rolling sum,’ a 
large blood withdrawal from 21 d prior falls out of considera-

tion on day 22. Thereby, the amount available increases on day 
22, so blood collections may be planned in advance to avoid 
potential over-draws.

Formulas for estimating CBV for macaques: Body weight and 
body condition (or percentage of body weight that is com-
posed of fat) are the primary predictors of CBV.11

Body condition may be determined objectively using DXA. 
When an objective value for percentage body fat is avail-
able, CBV (in mL/kg) may be calculated using the following 
formula:

CBV = 79.814 - (fat% × 0.981)

Because DXA may be an impractical method for determining 
body condition for routine CBV calculation, BCS may be used 
for predicting CBV (in mL/kg) using the following formula: 

CBV = 113.753 + (0.752 × body weight [kg]) - (18.919 
× BCS), with BCS graded on a scale of 1 [emaciated] to 5 
[obese].7

Phlebotomy technique, sites, and considerations for choos-
ing a site. 

Technique. Proper technique and sterile equipment should be 
used. The site is typically shaved and wiped with an alcohol 
swab prior to venipuncture. Shaving may not be recommended 
for animals with alopecia, a history of overgrooming, or stereo-
typies. Depending on the site chosen, the vessel may be either 
visualized or palpated. 

Common venipuncture sites. The femoral vein is the most 
common collection site for Old World monkeys (OWM) and 
New World monkeys (NWM) and can be used for large volume 
collections.6,14,19  The cephalic, saphenous, and lateral tail veins 
are often used for smaller volume collections (< 3 mL OWM 
and < 0.2 mL NWM).6,10 The jugular vein may be used if a 
femoral collection is unsuccessful, however for safety reasons 
the primate should be fully anesthetized.15 Jugular veins are dif-
ficult to access in species with well-developed air sacs, such as 
pigtail macaques. Because jugular veins are frequently used for 
indwelling catheters and vascular access ports, caution should 
be taken to minimize damage from percutanous puncture, de-
pending on study objectives. The ear capillaries may be used for 
very small samples (~500 µL), especially if repeated collections 
are needed (for example, blood glucose monitoring).13   

Considerations.  If repeated blood draws are necessary, it is 
recommended to rotate vessels to prevent adverse effects. When-
ever possible, positive reinforcement training (PRT) techniques 
for repeated blood collection are encouraged.8,17 PRT has been 
shown to desensitize animals to stressful stimuli, which reduces 
fear and anxiety and associated variability. In addition, the 
animals gain a sense of control and mental stimulation, which 
improves their overall well-being. PRT also reduces the need for 
sedation, which reduces variability caused by pharmacological 
agents. Various studies have shown the positive effects of train-
ing animals to either present an arm using a “blood sleeve” or 
to present a leg through a feeder slot. The use of ear capillary 
blood collection devices may be well suited for primates that 
are chair trained especially if they have a head restraint, and 
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for primates that are trained to present an ear cage-side. NHP 
with longer tails (for example, cynomolgus macaques) can also 
be trained to present their tails for capillary sampling.

Adverse effects from venipuncture. 

Hematoma and/or hemorrhage from venipuncture site is the 
most common complication of phlebotomy. The most common 
clinical sign of hemorrhage is bruising, or ecchymosis, at the site 
of collection. If severe, hematomas may cause anemia and car-
diovascular shock, especially in small animals. Late-developing 
hematomas may present as mild to severe lameness during 
cage-side observation.6 Due to concerns of hematoma forma-
tion and bruising, pressure should be placed for an adequate 
amount of time (for example, 2 to 4 min) after phlebotomy to 
prevent bleeding and hematoma formation at the site.

Arteriovenous or arterial-venous (AV) fistula. AV fistulas 
are an abnormal communication between an artery and a vein. 
Fistulous connection of the venous and arterial systems can be 
an undesirable side effect of lower extremity venipuncture in 
monkeys. Initial presentation of an AV fistula is usually a palpa-
ble ‘thrill’ in the femoral region which is audible on auscultation. 
As the fistula matures, clinical signs such as distal limb swelling, 
disuse and guarding of the limb, prominent vasculature in the 
femoral groove, and venous congestion caudal to the fistula site 
may be seen.20 Multiple needle sticks at the same site may cause 
penetrating trauma and injury to the vessel, and therefore may 
be a contributing factor.5

Anemia. A single large volume blood collection or sequential 
blood collections that occur too frequently may result in anemia. 
Acute blood loss can cause hypovolemic shock, physiological 
stress, or even death. Therefore, it is important to monitor the red 
blood cell status of NHP requiring large volume blood collection 
or frequent blood collections. Clinical signs of excessive blood 
collection, hematologic monitoring parameters, and treatment 
options are listed below. 

Monitoring NHP during frequent phlebotomy.

Clinical signs of excessive blood collection.1 In general, 
healthy animals are able to compensate for mild anemia without 
demonstrating clinical signs. However, if the animal is unable to 
compensate for moderate to severe anemia, clinical signs may 
become evident, including inappetence, weight loss, weakness, 
lethargy, social isolation, increased heart rate and respiratory 
rate, and pallor. If an animal becomes hypotensive, nausea and 
emesis may present.

Monitoring parameters. Anemia presentation and monitor-
ing in NHP is similar to most domestic species (elevated heart 
rate, decreased systolic blood pressure, changes in complete 
blood count (CBC).1,15 CBC reference ranges below are for 
rhesus macaques (Macaca mulatta).3 Ranges for other species 
and parameters may also be found in the APV formulary or 
other references.16

Adult Males Adult Females

Hemaglobin (Hb) 4.95–6.09 106/µL 5.46–6.0 106/µL

Hematocrit (Hct) 35.9–44.3 % 38.3–42.3 %

Mean corpuscular 
volume (MCV)

70–76 fL 67–73 fL

Recovery time and supplementation/treatment. Recovery 
time varies depending on the amount of blood collected, the 
frequency of collection, and the individual animal’s health 

status. Therefore, evaluation of hematologic parameters is im-
portant for any animal suspected to be anemic. This includes 
evaluation of these parameters at baseline to determine an 
animal’s suitability for volume blood removal. There are sup-
plementation and treatment modalities that can aid in a faster 
recovery and provide relief and support after large and/or 
frequent blood collections. Supplementation with hematinics, 
such as iron dextran (10 mg/kg IM, maximum dose 100 mg) 
and cyanocobalamin (250 to 500 µg SQ every 1 to 2 wk), may 
be beneficial in animals undergoing repeated blood collections 
due to the potential to develop iron deficiency over time.3 It 
is important to note that if long-term iron supplementation 
is required, oral iron supplementation should be considered, 
as iron overload can occur with long-term parenteral iron.12 
Additionally, it may be indicated to halt or decrease blood col-
lection frequency or volume until monitoring parameters return 
to baseline. Supplemental intravenous or subcutaneous fluids 
can minimize the effects of hypotension following a single large 
volume collection.15 Antiemetic medications may be considered 
in animals exhibiting emesis or signs of nausea.  

References
1. Adams CR, Halliday LC, Nunamaker EA, Fortman JD. 

2014. Effects of weekly blood collection in male and female 
cynomolgus macaques (Macaca fascicularis). J Am Assoc 
Lab Anim Sci 53:81–8. 

2. Ageyama N, Shibata H, Narita H, Hanari K, Kohno A, 
Ono F, Yoshikawa Y, Terao K. 2001. Specific gravity of 
whole blood in cynomolgus monkeys, squirrel monkeys, 
and tamarins and total blood volume in cynomolgus mon-
keys. Contemp Top Lab Anim Sci 40:33–35 

3. Association of Primate Veterinarians. [Internet]. 2021. 
Drug Formulary and Normal Laboratory Values. Available 
at: http://www.primatevets.org/ 

4. Association of Primate Veterinarians. [Internet]. 2010. 
Humane Endpoint Guidelines for Nonhuman Primates 
in Biomedical Research. Available at http://www.pri-
matevets.org 

5. Burke BJ. 2020. Ultrasound in the Assessment and Man-
agement of Arterial Emergencies, p 370–388. In: Pellerito J, 
Polak P, editors. Introduction to Vascular Ultrasonography, 
7th Edition. Philadelphia (PA): Elsevier, Inc.

6. Burns M, Wachtman L. 2019. Chapter 10 – Physical ex-
amination, diagnosis, and common clinical procedures. In: 
Marini R, Wachtman L, Tardif S, Mansfield K, Fox J, edi-
tors. The common marmoset in captivity and biomedical 
research. San Diego (CA): Academic Press. 

7. Clingerman KJ, Summers L. 2005. Development of a body 
condition scoring system for nonhuman primates using 
Macaca mulatta as a model. Lab Anim (NY) 34:31–36. 
https://doi.org/10.1038/laban0505-31

8. Coleman K, Pranger L, Maier A, Lambeth SP, Perlman 
JE, Thiele E, Schapiro SJ. 2008.  Training rhesus macaques 
for venipuncture using positive reinforecement techniques: 
a comparison with chimpanzees. J Am Assoc Lab Anim 
Sci. 47:37–41.  

9. Diehl KH, Hull R, Morton D, Pfister R, Rabemampianina 
Y, Smith D, Vidal JM, van de Vorstenbosch C. 2001. A 
good practice guide to the administration of substances 
and removal of blood, including routes and volumes. J 
Appl Toxicol. 21:15–23. https://doi.org/10.1002/jat.727 

10. Fortman JD, Hewett TA, Bennett TB. 2002. Experimental 
Methodology, p 153–217. In: The laboratory nonhuman 
primate. Washington (DC): CRC Press.

404

Vol 61, No 5
Journal of the American Association for Laboratory Animal Science
September 2022

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



11. Hobbs TR, Blue SW, Park SP, Greisel JJ, Conn MP, Pau 
FK-Y. 2015. Measurement of blood volume in adult rhesus 
macaques (Macaca mulatta). J Am Assoc Lab Anim Sci. 
54:687–693.

12. Lamoureux LM, Coda KA, Halliday LC. 2021. Hemo-
chromatosis in two female olive baboons (Papio anubis). 
Comp Med. 71:99–105. https://doi.org/10.30802/aalas-
cm-20-000070 

13. Lefevre A, Ballesta S, Pozzobon M, Charieau JL, Duper-
rier S, Sirigu A, Duhamel JR. 2015. Blood microsampling 
from the ear capillary in non-human primates. Lab Anim 
49:349–352. https://doi.org/10.1177/0023677215586911

14. Magden ER, Mansfield KG, Simmons JH, Abee CR. 2015. 
Nonhuman Primates, p 771–930. In: Fox JG, Anderson 
LC, Otto G, Pritchett-Corning KR, Whary MT, editors. 
Laboratory Animal Medicine, 3rd edition. Boston (MA): 
Academic Press.

15. Mcguill MW, Rowan AN. 1989. Biological effects of blood 
loss: Implications for sampling volumes and techniques. 
ILAR News 31:5–20

16. Park HK, Cho JW, Lee BS. 2016. Reference values of clinical 
pathology parameters in cynomolgus monkeys (Macaca 
fascicularis) used in preclinical studies. Lab Anim Res. 
32:79–86. https://doi.org/10.5625/lar.2016.32.2.79

17. Schapiro SJ, Bloomsmith MA, Laule GE. 2003. Positive 
reinforcement training as a technique to alter nonhuman 
primate behavior: quantitative assessments of effec-
tiveness. J Appl Anim Welf Sci. 6:175–187. https://doi.
org/10.1207/s15327604jaws0603_03

18. Summers, L, Clingerman KJ, Yang X. 2012. Validation 
of a body condition scoring system in rehsus macaques 
(Macaca mulatta): Assessment of body composition by 
using dual-energy X-ray absorptiometry. J Am Assoc Lab 
Anim Sci. 51:88–93.

19. Wolf RF, White GL. 2012. Clinical techniques used for 
nonhuman primates, p 323–337. In: Abee CR Mansfield 
K, Tardif S, Morris T editors. Nonhuman primates in 
biomedical research: Biology and management. Boston 
(MA): Academic Press. 

20. Woods TN, Yancy A, Meunier LD, Coatney RC, Gavetti 
D, Marshall S, Watson E, Holliday D, Etheridge M. 2004. 
Color and spectral doppler diagnosis and management 
of lower extremity arterial-venous fistula in cynomolgus 
monkeys. Abstract presented at Delaware Valley Branch 
AALAS Tribranch Meeting, Philadelphia, PA. 

405http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-25


