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The Animal Welfare Act Regulations require institutions to 
develop an environmental enhancement plan to promote the 
psychologic wellbeing of NHP, which must include provisions 
to address the social needs of species that are known to be so-
cial in nature.7 In addition, guidelines for the use of NHP in the 
laboratory environment emphasize that social interaction is 
one of the most important factors influencing the physiologic 
wellbeing of NHP.37,48 The benefits of social housing macaques 
used in biomedical research have been extensively studied and 
reviewed.13,14,29,30,33,34,56 Socially housed macaques are better able 
to cope with changes in the laboratory environment, engage in 
more species-typical behaviors, demonstrate an appropriate bal-
ance between aggression and passivity, and demonstrate fewer 
maladaptive behaviors and signs of chronic distress, compared 
with singly housed macaques.29,48

An extensive survey conducted in 2014 showed that 65% of 
indoor-housed NHP at research facilities were socially housed; 
for rhesus macaques specifically, 50% were socially housed.12 
Although these numbers are an improvement compared with 
the previous survey conducted in 2003,15 a vast number of 
rhesus macaques in laboratory animal facilities remain singly 
housed. A variety of constraints to social housing were cited 
in the surveys, including cost, availability of housing, time or 

staff constraints, and interference with research protocols. In 
addition, both surveys indicated that lack of available compat-
ible partners was a major constraint to pair housing.12,15 Indeed, 
formation of isosexual pairs of adult macaques can be quite 
challenging, as evidenced by the numerous publications and 
discussions that address risks of social housing and various 
pair-forming strategies.1,27,29,33,36,52-55 In particular, adult male ma-
caques are often considered particularly difficult to pair because 
of their strong dominance-related behavior or aggression.1,27,50 
Although some institutions reliably form and maintain male–
male adult pairs,32,35,52 many struggle with success, and thus 
alternative strategies for pairing may be of particular value in 
maximizing social housing.

Consistent with previous reports, at our institution, one of the 
most successful long-term strategies for pairing adult male NHP 
is by housing with an adult female;51,71 however, at least one 
of the animals must be sterilized to prevent unwanted breed-
ing. A variety of reproductive sterilization options are avail-
able for both male and female NHP. In females, ovariectomy 
and ovariohysterectomy procedures are very effective but are 
surgically invasive and thus pose a risk of postoperative com-
plications and a prolonged postoperative recovery phase. Hor-
monal contraception, such as administration of oral, injected, 
or implanted progestin or estrogen–progestin combination, is 
a potential noninvasive option for birth control. Many such 
regimens have been described, and although a full descriptive 
analysis of effectiveness is unavailable currently, failures (that is, 
pregnancy, implant removal) have been reported.9 Another ma-
jor consideration is that removal of ovaries or the administration 
of agents altering ovarian hormonal function can induce a state 
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of osteoporosis. Although bone loss may not occur in NHP to 
the degree seen in postmenopausal women, it is a potential re-
search variable, and bone integrity may be of particular concern 
in young females and active animals housed in large, complex 
enclosures.38,39,67 Moreover, prolonged use of progestins such as 
medroxyprogesterone and melengestrol acetate have been asso-
ciated with complications, including pyometra, reduced gluco-
regulatory function, and endometrial decidualization.19,24,28,46,47,72

Castration of male animals is an option that is routinely prac-
ticed in companion and production animal medicine, but it is 
not commonly performed in research NHP because it can cause 
marked behavioral and hormonal changes that might skew re-
search data.60,74 Indeed, the removal of sex organs in either male 
or female NHP may be undesirable, given the numerous behav-
ioral, physiologic, and metabolic alterations that can occur in 
response to the presence or removal of sex hormones.3,11,22,41,43,57,59 
Therefore, the use of vasectomy, a method that preserves hor-
monal function, is an attractive option for the reproductive ster-
ilization of adult male NHP in research facilities.

Vasectomy offers a relatively safe, effective, and permanent 
method of male contraception. In humans, vasectomy is the 
most common urologic procedure performed in the United 
States, with approximately 500,000 procedures performed an-
nually.17,31 The failure rate due to spontaneous recanalization is 
low, with reports typically ranging from 0% to 2%.2,10,26,42,58,62,70 
Vasectomy surgeries have been practiced in our research fa-
cility for more than 10 y to facilitate social housing of NHP. 
Here we present our experience with vasectomy in rhesus ma-
caques, focusing on the technical feasibility of the procedure 
and postsurgical complications. We also discuss the use of this 
technique to enhance the pair-housing success in our rhesus  
macaque colony.

Materials and Methods
Animals. Over a 10-y period, potential candidates for va-

sectomy were identified during our ongoing social housing 
program evaluation or on request by the laboratory. These can-
didates were adult male rhesus macaques that had not been 
successfully housed in an isosexual pair or for whom no conspe-
cifics other than potentially fertile females were available (for 
example, a younger male or infertile female). All vasectomies 
were performed specifically for the purpose of social housing.

Included in this report are all 16 male rhesus macaques that 
underwent vasectomy during this 10-y period. Their ages 
ranged from 5 y to 21 y at the time of surgery (Table 1). All ma-
caques were enrolled in research protocols approved by the Yale 
University IACUC.

Husbandry and preventative medicine. Macaques were main-
tained in an AAALAC -accredited facility by using Animal Bio-
safety Level 2 practices. Physical exams were performed at least 
semiannually. Tuberculosis screening was performed through 
semiannual intradermal testing and annual serologic testing 
(for example, Primagam [Prionics AG, Schlieren-Zurich, Swit-
zerland], PrimaTB Stat Pak [Chembio Diagnostic Systems, Med-
ford, NY], or multiplex immunoassay [Intuitive Biosciences, 
Middleton, WI]). Viral screening was performed annually (Bio-
Reliance, Rockville, MD, or Intuitive Biosciences, Middleton, 
WI) for simian retrovirus type D, simian T-cell leukemia virus, 
measles titer, and Macacine herpesvirus 1. Routine CBC and se-
rum chemistries were performed annually. All macaques in 
this report were free of tuberculosis and were seronegative for 
simian retrovirus type D and simian T-cell leukemia virus. All 
animals except one (NHP 9 in Table 1) were seronegative for 
Macacine herpesvirus 1.

Macaques were fed a commercial standard primate diet 
(Teklad 8714, Envigo, Indianapolis, IN) supplemented daily 
with fresh fruits and vegetables. In addition, macaques were of-
fered a wide variety of food enrichment (for example, peanuts, 
dried fruit, and commercially available primate treats) and an 
assortment of toys and foraging devices for enhancement of 
psychologic wellbeing. All animals were housed in stainless 
steel caging, and drinking water (either hyperchlorinated or tap 
water) was provided through an automatic watering system 
(Edstrom Industries, Waterford, WI). Room temperature and 
humidity were maintained at 72 ± 2 °F (22.2 ± 1.1 °C) and 50% ± 
10%, respectively.

Anesthesia. All macaques selected for the study received pre-
surgical evaluation on the day of surgery and had unremarkable 
preoperative CBC and chemistry panels. Macaques were fasted 
for 12 to 16 h prior to surgery. General anesthesia was estab-
lished with ketamine (5 to 12 mg/kg IM) and atropine sulfate 
(and 0.02 to 0.05 mg/kg IM). In addition, 1 macaque received 
midazolam (1 mg/kg IM), and another received diazepam (1 
mg/kg IM) due to previous experience with excessive muscle 
spasm or seizure activity under ketamine only. A third animal 
received a combination of ketamine (5.0 mg/kg IM) and dex-
medetomidine (0.015 mg/kg IM) due to resistance to ketamine 
only. All macaques were maintained under general anesthesia 
with 2% to 3% isoflurane in 100% oxygen after endotracheal 
intubation by using standard technique.

Surgery. The typical surgical technique was as follows. Ma-
caques were placed in dorsal recumbency, and the area around 
the ventral midline from the scrotum to the preputial area was 
clipped and prepared for aseptic surgery (Figure 1 A). In 4 ani-
mals, the incision was infiltrated with a solution of bupivacaine 
hydrochloride (0.25% to 0.5%) with epinephrine (1:200,000) for 
local anesthesia. Bilateral 2- to 3-cm prescrotal incisions were 
made over the easily palpable spermatic cord, by using a no. 10 
blade (Figure 1 B). A combination of blunt and sharp dissection 
was used to access the vaginal tunic, which was incised by us-
ing sharp scissors or a scalpel. The spermatic cord was exterior-
ized from the incision by using a curved forceps positioned in 
a lateral-to-medial motion to visualize the vas deferens, which 
is generally medial to the testicular artery and pampiniform 
plexus (Figure 1 C). The vas was then isolated and dissected 
from the surrounding sheath and vessels by using a combina-
tion of sharp and blunt dissection (Figure 1 D and E). A 1- to 
1.5-cm segment of vas deferens was excised after placement of 
a proximal and a distal 3-0 polydioxanone ligature. In 10 ma-
caques, based on the surgeon’s preference, the ends of the vas 
were cauterized by using a disposable thermal cautery pen (Fig-
ure 1 F). The vaginal tunic and subcutaneous layers were closed 
separately by using a simple interrupted or simple continuous 
suture pattern of an appropriate absorbable suture material, 
and the skin edges were apposed by using a buried subcuticular 
suture pattern (Figure 1 B). Histologic examination confirmed 
successful bilateral removal of the vas deferens in all cases.

Analgesia and postoperative care. Perioperative and postop-
erative analgesia regimens varied depending on the surgeon’s 
preference. Twelve macaques received perioperative buprenor-
phine (0.01 to 0.03 mg/kg SC). All 16 macaques received NSAID 
treatment, either by using meloxicam (0.1 mg/kg SC) or carpro-
fen (4.0 mg/kg SC), for 2 to 4 d to control postoperative pain 
and inflammation. Anesthetic induction and recovery were un-
eventful in all macaques. Anesthesia and analgesia regimens for 
each animal are summarized in Table 1.

Macaques were closely monitored during the postoperative 
period for signs of pain, such as lethargy, decreased appetite, 
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Table 1. Anesthesia, analgesia, postoperative complications, and social housing attempts after vasectomy in 16 rhesus macaques 

NHP Age (y) Anesthesia Cautery?
Local  

anesthetic?
Perioperative 

analgesia
Postoperative  

analgesia Complication Treatment Outcome
Pairing after 
vasectomy

1 8 Ketamine–
atropine, 
isoflurane

Yes No Buprenorphine 
Meloxicam

Meloxicam, 2 d Sperm  
granuloma

Chronic 
sperm 

granuloma

Paired during 
2nd attempt

2 12 Ketamine–
atropine, 
isoflurane

No No Buprenorphine 
Meloxicam

Meloxicam, 2 d Mild incisional 
swelling; 

sperm  
granuloma

Meloxicam Swelling 
resolved; 
chronic 
sperm 

granuloma

Paired during 
2nd attempt

3 9 Ketamine–
atropine, 
isoflurane

Yes No Buprenorphine 
Meloxicam

Meloxicam, 4 d Unilateral  
incisional 
abscess

Enrofloxacin 
Amoxicillin 
Meloxicam

Infection 
resolved

Paired during 
3rd attempt

4 13 Ketamine–
atropine, 
isoflurane

Yes No Buprenorphine 
Meloxicam

Meloxicam, 4 d None Paired during 
2nd attempt

5 8 Ketamine–
atropine, 
isoflurane

No No Meloxicam Meloxicam, 3 d Sperm  
granuloma

Chronic 
sperm 

granuloma

2 unsuccess-
ful attempts

6 7 Ketamine–
atropine, 

diazepam, 
isoflurane

No No Meloxicam Meloxicam, 2 d None Paired during 
3rd attempt

7 10 Ketamine–
atropine, 
isoflurane

No Yes Meloxicam Meloxicam, 2 d None Paired during 
1st attempt

8 10 Ketamine–
atropine, 
isoflurane

Yes No Buprenorphine 
Carprofen

Meloxicam, 3 d None Paired during 
2nd attempt

9 21 Ketamine–
atropine, 
isoflurane

Yes No Meloxicam Meloxicam, 4 d Testicular 
abscess

Enrofloxacin 
Ceftiofur 

Meloxicam

Infection 
resolved

Paired during 
1st attempt

10 19 Ketamine–
atropine, 
isoflurane

Yes No Buprenorphine 
Carprofen

Meloxicam, 3 d None Paired during 
2nd attempt

11 13 Ketamine–
atropine, 

midazolam, 
isoflurane

No Yes Buprenorphine 
Meloxicam

Meloxicam, 3 d None Paired during 
4th attempt

12 6 Ketamine–
atropine, 
isoflurane

No Yes Buprenorphine 
Meloxicam

Meloxicam, 4 d None Paired during 
1st attempt

13 6 Ketamine–
atropine, 
isoflurane

Yes No Buprenorphine 
Meloxicam

Meloxicam, 3 d Bilateral 
epididymitis–

orchitis;  
sperm  

granuloma

Ceftiofur 
Meloxicam  

Buprenorphine

Infection 
resolved; 
Chronic 
sperm 

granuloma

Paired during 
1st attempt
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NHP Age (y) Anesthesia Cautery?
Local  

anesthetic?
Perioperative 

analgesia
Postoperative  

analgesia Complication Treatment Outcome
Pairing after 
vasectomy

14 7 Ketamine–
atropine, 
isoflurane

Yes Yes Buprenorphine 
Meloxicam

Buprenorphine, 
3 d 

Meloxicam, 1 d

Sperm  
granuloma

Chronic 
sperm 

granuloma

Paired during 
1st attempt

15 6 Ketamine–
atropine, 

dexmedeto-
midine, 

isoflurane

Yes No Buprenorphine 
Meloxicam

Buprenorphine, 
3 d Meloxicam, 

1 d

Bilateral  
epididymitis– 

orchitis

Enrofloxacin 
Meloxicam

Infection 
resolved

1 unsuccess-
ful attempt

16 16 Ketamine–
atropine, 

midazolam, 
isoflurane

Yes No Buprenorphine 
Meloxicam

Buprenorphine, 
3 d 

Meloxicam, 1 d

Unilateral  
epididymitis– 

orchitis

Enrofloxacin 
Meloxicam

Infection 
resolved

2 unsuccess-
ful attempts

Table 1. Continued

and manipulation of the surgery area. The incision was closely 
monitored for evidence of swelling, infection, or dehiscence. 
After the incisions healed, animals were monitored daily by 
both the animal care staff and veterinary technical staff, and any 
abnormalities were reported to a veterinarian for assessment.

Formation of social pairs. Male and female macaques were 
paired by using a stepwise process, consistent with pairing pro-
cedures at the vast majority of facilities participating in the 2014 
survey.12 Prior to full-contact pairing, macaques were housed in 
adjacent cages that allowed visual access through a mesh panel 
or clear polycarbonate divider. The duration of the visual access 
depended on demonstration of affiliative or agonistic behav-
iors. Animals that demonstrated affiliative behaviors across the 
divider were paired relatively quickly (for example, the same 
day), whereas animals that demonstrated aggressive behaviors 
toward each other were not paired. If no clear affiliative or ag-
gressive behaviors were noted, the macaques remained in adja-
cent cages for a longer period of time (for example, a few days), 
and as long as no aggressive behaviors were noted, a pairing 
attempt was made.

Retrospective review. We retrospectively reviewed all vasec-
tomy surgeries that were performed over a 10-y period in rhe-
sus macaques housed in our facilities (n = 16). For each animal, 
we reviewed age, anesthetic regimen, surgical technique, peri- 
and postoperative analgesics, complications and treatments, 
long-term clinical outcome, social housing attempts, and the 
success or failure of these attempts.

Results
Postsurgical complications. Complications are summarized 

by animal in Table 1. None of the vasectomized macaques de-
veloped postoperative hematomas, and none showed clinical 
signs consistent with postvasectomy pain syndrome, both of 
which are reported as relatively common complications in hu-
mans.2,10,21,58 Six animals required veterinary care during the 
postoperative period. Macaque 2 developed mild incisional 
swelling 7 d postoperatively, which was treated and resolved 
with a single dose of meloxicam (0.1 mg/kg SC). Macaque 3 
presented 2 wk after surgery with a swelling of the right va-
sectomy incision. The swelling was unresponsive to enrofloxa-
cin (5 mg/kg IM) but resolved after a week of amoxicillin (10 
mg/kg PO twice daily) and 3 d of meloxicam (0.1 mg/kg SC). 
Macaque 9 presented 10 d postoperatively for inappetence and 
bilateral scrotal swelling and erythema. Significant physical 

exam findings included pyrexia, orchitis, and epididymitis. Ul-
trasound examination of the area revealed thickened hypervas-
cularized epididymides with a hypoechoic region. A fine-needle 
aspirate yielded purulent material from the hypoechoic region, 
and culture and sensitivity of the fluid grew Staphylococcus au-
reus that was sensitive to several antibiotics including enrofloxa-
cin and cephalosporins. Intramuscular enrofloxacin (5 mg/kg 
once daily) treatment was initiated. A week of antibiotic therapy 
failed to achieve significant improvement on physical or ultra-
sound examination; ceftiofur (2.2 mg/kg SC once daily) was ini-
tiated, in conjunction with enrofloxacin. After 3 d of therapy, he 
regained his normal appetite and attitude. The swelling resolved 
and the incision healed uneventfully. Macaque 13 presented 15 
d postoperatively with signs of a local infection and decreased 
appetite. Physical exam revealed bilateral, firm, enlarged testes 
that were warm to the touch. Ceftiofur sodium (2.2 mg/kg SC 
once daily) was administered for 10 d, meloxicam (0.1 mg/kg 
SC or PO once daily) for 5 d, and buprenorphine (0.005 mg/kg 
SC) twice on the first day; his condition resolved within a week. 
Macaque 15 presented 4 wk after surgery for mild preputial 
edema. Physical examination revealed bilaterally firm testicles 
that were warm to the touch. A 7-d course of enrofloxacin (5 
mg/kg IM) and 3-d course of meloxicam (0.1 mg/kg SC or PO) 
resulted in a rapid resolution of the condition. Macaque 16 was 
noted to have a firm, warm testicle unilaterally during routine 
semiannual physical examination at 3 mo after surgery. The con-
dition resolved after 18 d of enrofloxacin (5 mg/kg IM) and 7 d 
of meloxicam (0.1 mg/kg SC or PO).

Of the 16 animals undergoing vasectomy surgery, 5 (31%) 
developed sperm granulomas, all exhibiting a similar pattern 
of presentation. The granulomas developed within the first 
month after the surgery. Initially, they appeared as superficial 
swelling at or near the incision site and subsequently ruptured 
and drained. Microscopic examination of the exudates revealed 
spermatozoa along with numerous mononuclear phagocytic 
cells. The sperm granulomas typically healed spontaneously 
within 5 to 7 d after their initial appearance. We clinically ob-
served that the granulomas commonly recurred, with a similar 
course of resolution within a week.

Vasectomized macaques and social housing. To minimize the 
chance of unwanted pregnancy, vasectomized macaques were 
given a 60-d rest period after surgery before they were paired 
with females.61 All 16 vasectomized macaques underwent pair-
ing attempts. Of these animals, 10 (62.5%) established a success-
ful male–female relationship during the first or second pairing 
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Figure 1. Surgical approach to the vas deferens. (A) The skin is aseptically prepared by shaving and use of appropriate surgical scrub. (B) The 
area is draped, and a 1- to 2-cm prescrotal incision is made directly over the spermatic cord. Here, the first incision site (left) has been closed by 
using a buried suture pattern, and the second incision has been made over the right spermatic cord. (C) The tunic (blue arrowhead) is incised, 
and the spermatic cord is elevated to identify the vas deferens (black arrowhead). (D) The vas deferens is isolated from the pampiniform plexus. 
(E) A 2- to 3-cm section of vas is isolated from the surrounding sheath and vessels. (F) A disposable electrocautery device is used cauterize the 
exposed ends of the vas deferens after the excised section is removed.
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attempt, and 3 (18.8%) were paired with a female after 3 or 4 
attempts. One of the vasectomized macaques (6.2%) was not 
paired due to severely aggressive behavior. The 2 macaques 
vasectomized most recently have undergone pairing attempts 
with 1 (n = 1) or 2 (n = 1) females but have not yet been paired 
successfully. Although the overall rate of successful pairing 
attempts was 43.3% (13 of 30 attempts), the overall success of 
establishing social pairs after vasectomy was 81.3% (13 of 16 
males; Table 1).

Discussion
Vasectomy is a relatively safe method of contraception in 

many species, including NHP. Although not routinely practiced 
in veterinary medicine, vasectomy is the most common urologic 
procedure performed in humans.8,58 It is typically an outpatient 
surgical procedure, generally performed under local anesthesia 
in a urology clinic setting.2,8,58 Anesthesia for vasectomy in hu-
mans typically consists of local anesthesia at the site of incision 
as well as a vasal block using a local anesthetic.4,8,44,58,66 For some 
patients, oral sedatives such as diazepam are given as an anx-
iolytic and for relaxation of scrotal musculature. In rare cases 
when patients do not tolerate local anesthesia alone or when the 
vas is difficult to isolate, intravenous sedation or general anes-
thesia is administered.4,8,58 However, in NHP, general anesthesia 
is essential for the prevention of injuries to the veterinary staff 
and to reduce the stress of the animals.

The vasectomy surgical techniques currently used in humans 
vary widely. A systematic literature review performed by a 
panel of the American Urological Association on the topic of 
vasectomy resulted in a comprehensive set of guidelines that 
were published in 201264 and updated in 2015.65 These guide-
lines describe the current accepted practice for performing va-
sectomies, which involves a minimally invasive technique. The 
‘no-scalpel’ technique, originally developed in China in 1974 
and described in detail in 1991,45 involves the use of special-
ized surgical instruments and techniques to isolate, divide, and 
occlude the vas transcutaneously.66 Briefly, a clamp is used to 
isolate the vas, the skin is pierced and retracted by using a vas 
dissector to make a small opening, and the vas is then elevated 
above the skin opening for division and occlusion.45,65 Other 
minimally invasive techniques are also acceptable in humans, 
provided that the incision is shorter than 10 mm and that only 
minimal dissection of the vas and perivasal tissues is performed 
by using specific specialized instruments.65 This technique has 
significantly reduced the operative time and postoperative com-
plications compared with other conventional methods.2,8,25,42,58

After isolation, the vas deferens is resected, with or without 
excision of a section of vas. If excision is performed, the opti-
mal length to excise in humans has not yet been determined; 
removal of larger sections may reduce the chances of recanali-
zation but also results in increased tissue dissection. Common 
practice is to remove a 1-cm section.8,58 In human medicine, sub-
mitting the resected vas for histologic evaluation is sometimes 
performed but is not considered necessary, because success is 
determined by postvasectomy semen analysis. Given that we do 
not perform this analysis for NHP in our facility, our standard 
practice is to remove an approximately 1 cm section of vas fol-
lowed by histologic tissue confirmation.

The several methods of vas occlusion include suture ligation, 
use of surgical clips, fascial interposition, intraluminal cautery, 
and a combination of these techniques.8,42,58,65 Cautery is accom-
plished through the use of electrical or thermal pulses applied 
intraluminally to seal the ends of the vas, with the intent to de-
stroy only the mucous layer.58 If cautery alone is used for vas 

occlusion, both the abdominal and testicular ends of the vas 
should be cauterized; when combined with fascial interposi-
tion, cauterizing just the abdominal end of the vas is accept-
able.18,49,58,65 Fascial interposition, a method in which a layer of 
the vas sheath is placed between the 2 cut ends of the vas, is an 
increasingly widespread vasectomy technique and is used to 
physically separate the ends of the vas to reduce the chances of 
recanalization.58,69 When fascial interposition is used, it is com-
bined with other methods.58,64,69 Ligation with surgical clips or 
suture is another common method for vas occlusion, although 
recent studies have shown that failure rates are reduced when 
ligation is combined with another method, such as fascial inter-
position or cautery.58,68,69 In the macaques we describe here, we 
used the conventional surgical method for all animals (bilateral 
incision, ligation, and removal of at least 1 cm of the vas), with 
cautery occlusion of the vas in the majority of cases.

The most common complications seen in humans undergoing 
vasectomy include hematoma, infection, failure of sterilization, 
sperm granuloma, acute postoperative pain, and chronic pain 
syndrome.2,10,58 Hematoma formation is a common complication 
and is the primary cause for hospitalization after vasectomy.2,40 
The incidence of hematoma formation is approximately 2% 
but reportedly ranges up to 29%, with complication rates cor-
relating with the experience of the surgeon.10,40 We did not note 
postoperative hematoma formation in any of our vasectomized 
macaques.

The prevalence of surgical site infection after vasectomy in 
humans is approximately 3.5%, with reports ranging up to 
38%.10,49,50 The use of the no-scalpel technique is thought to be 
a major cause for recent reductions in infection rates.2 Because 
of the low rate of infection after minimally invasive techniques, 
the use of prophylactic antibiotics is not indicated unless the 
patient is considered high-risk for the development of infec-
tion.65 Five macaques in our report developed postoperative 
infections: 3 developed postsurgical epididymitis–orchitis; one 
had a testicular abscess; and the remaining macaque developed 
an incisional infection. All cases resolved after appropriate an-
tibiotic therapy. The reason for the high incidence of postopera-
tive complications in our NHP relative to humans may be due 
to several factors. In humans, the incision or access site is much 
smaller; in contrast, we used a traditional approach with bilat-
eral incisions in our macaques, similar to what has been previ-
ously described.5,16,35,63,73 This approach is technically easier for a 
surgeon who doesn’t perform these procedures on a routine ba-
sis. Similarly, compared with some human physicians who typi-
cally perform this procedure frequently (that is, more than 50 
times annually),40 we perform this procedure on average once or 
twice each year. Therefore surgical time and tissue dissection is 
likely increased compared with a physician who performs this 
technique on a daily or weekly basis. Indeed, complication rates 
(including infections) are higher in humans when the surgeon 
is less experienced or performs relatively few vasectomies each 
year.10,40 In addition, because our facility is a teaching institution, 
these surgeries are typically performed by a laboratory animal 
medicine resident in training under the supervision of a more 
experienced veterinarian. The instructional nature of the proce-
dure typically adds to surgery time and potentially the degree of 
tissue dissection. Furthermore, unlike humans, who can comply 
with orders to rest and keep the incision clean and dry, activity 
and cleanliness are difficult to control in NHP. Cage size can be 
limited during the initial postoperative period, but the animal 
can still move around within the enclosure and is unlikely to 
rest as a human would. Lastly, NHP are notorious for picking at 
their incisions, potentially exposing the incision site to trauma 
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and bacterial contamination, which may contribute to second-
ary infection or incisional dehiscence. Providing vasectomized 
NHP with perioperative antibiotics is certainly an option to be 
considered, but this practice must be balanced with the goal of 
judicious use of antibiotics to prevent bacterial resistance.

Sperm granuloma was another common complication that 
occurred in 5 of our 16 vasectomized macaques. Sperm granu-
lomas (that is, inflammatory reactions that occur in response to 
sperm leakage at the vasectomy site, epididymis, or rete testis) 
and microscopic granulomas have been reported to occur in 
10% to 30% of human cases.2,10 Granulomas may be microscopic 
or may result in a vasocutaneous fistula that periodically drains. 
In rhesus and cynomolgous macaques, the formation of vasocu-
taneous fistulas occurred in 40% of cases postvasectomy.6 The 
rate of sperm granuloma formation in our macaques, as evi-
denced by the presence of vasocutaneous fistulae, was 31%. We 
have seen no evidence of pain, infection, or irritation associated 
with the granulomas, and we therefore consider them to be a 
benign complication.

Vasectomy traditionally has an overall failure rate of 1% to 
2% in humans.2,10,58,65 Failure can occur due to unprotected in-
tercourse prior to confirmation of azoospermia or from recana-
lization. In humans, azoospermia is confirmed by performing 
sperm analysis, typically 8 to 16 wk postvasectomy.65 Although 
collection of sperm via electroejaculation is an option in NHP, 
we have opted to use a combination of histologic confirmation 
of vas removal and a postvasectomy resting period of at least 60 
d61 to provide reasonable assurance of sterilization. Although 
our case numbers are relatively small at this point, there have 
been no failures as evidenced by unplanned pregnancies in our 
vasectomy program.

In some settings, the relative permanence of vasectomy may 
be considered a disadvantage (for example, zoos, research insti-
tutions with breeding colonies). Vasectomy reversal is an option 
that is performed in humans but is a microsurgical procedure 
that is technically demanding.20 Reversible contraceptive meth-
ods may be on the horizon, such as intravas injection of poly-
mers, but these products are not yet available on the market.23 
Therefore, at this point, vasectomy should generally be consid-
ered a permanent form of contraception.

All vasectomy surgeries in our macaque colony were per-
formed to facilitate social housing, particularly with the goal of 
maximizing social housing for adult males. Although creating 
adult male–male macaque pairs has been successful in the past, 
our success rate is much higher in creating male–female pairs. 
This pattern is consistent with previous literature describing 
the relatively high success rate of forming male–female pairs 
in macaques.51,71 In the males we report here, we observed an 
overall 81% success rate of pairing with females. A 2003 report 
noted a similar high rate of pairing success postvasectomy.73 In 
that report, rhesus macaques were vasectomized to facilitate 
pairing with the goal of reducing self-injurious behavior in the 
males; all 6 vasectomized macaques were successfully housed 
with females on initial pairing for at least 1 mo.73

It is important to acknowledge that our report provides surgi-
cal technique details and outcomes at a single institution. The 
literature regarding vasectomy in NHP is relatively sparse, and 
no information regarding an established standard for surgical 
technique or an expected rate of complications is available cur-
rently. Future possible directions for follow-up to our report 
include prospective studies on various techniques (for example, 
effect of occlusion methods on the rate of postoperative com-
plications) and international surveys of research and zoo facili-
ties that perform vasectomies in NHP to gather information on 

common techniques and expected surgical outcomes. Other fac-
tors that would be useful to investigate include recovery time, 
best practices for postoperative care, duration of time before 
return to research performance, and postvasectomy behavioral 
changes that might affect research.

In conclusion, vasectomy of NHP can be a highly effective 
method for the creation of male–female pairs to maximize so-
cial housing options. We feel that the benefits of maximizing 
social housing for NHP far outweigh the risk of postoperative 
complications due to vasectomy. Moreover, these complications 
are generally minor and can be managed effectively. Therefore, 
vasectomy can be a valuable tool in an institution’s social hous-
ing and enrichment plan.
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