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Abstract 

Sterilization methods for pets have been around for more than a century, but the practice of 
spaying and neutering dogs varies globally, from being considered a standard of responsible care in some 
countries to an infringement of animal welfare in others. In the US, advocacy for spay/neuter programs 
became widespread in the 1970s to address canine overpopulation. More recently, research on the impact 
of canine neutering has identified potentially serious health and behavior consequences of removal of the 
gonads and associated sex hormones that appear to be influenced by sex, breed, age and environment. An 
alternative is hormone preserving sterilization, including hysterectomy and vasectomy, which allows 
population control while maintaining natural hormone concentrations. Informal analyses regarding 
alternatives to traditional spay/neuter indicate that interest from the public and veterinarians has grown in 
the last 2 years, public demand for veterinarians who offer alternatives is increasing and although most 
veterinarians acknowledge the pros and cons of gonadectomy, the number providing hormone preserving 
sterilization is very low. Given current trends toward individualized medicine and increasing public 
demand, it is likely that the number of practitioners who offer vasectomy, hysterectomy or other hormone 
reserving sterilization procedures will grow. Now is the time to develop standard methods of identifying 
dogs who have received such procedures, so that they do not unnecessarily undergo a second surgery. 
Following an analysis of current practice and available identification methods, we recommend that simple 
green tattoos be applied to the inguinal area (“X” for hysterectomy and “V” for vasectomy) to identify 
sterilized dogs. 
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Introduction and history 

Sterilization of cats and dogs as a standard part of pet care is a relatively new concept and not 
practiced widely on a global scale. Neutering a dog or cat usually refers to gonadectomy: castration of 
males (orchiectomy) and spaying in females (ovariohysterectomy). However, several other methods for 
ensuring that pets do not reproduce have been developed, which are of increasing interest as we better 
understand impacts of gonadectomy on health and welfare.  

One of the earliest accounts of pet sterilization is an 1893 description of neutering an 
unanesthetized male cat.1 During the early 20th century, killing a female’s kittens shortly after birth was a 
customary method of birth control. It was not until the 1930s that spaying and castrating cats was 
recommended.1 Lack of safe anesthetics caused greater risk of surgery and pet sterilization remained 
infrequent until the latter half of the century.  

Over time, owning dogs and cats changed from a utilitarian practice to one of companionship. 
However, increases in number of intact, free-roaming dogs and cats in the US. ultimately resulted in the 
shelters being overrun with stray animals by the 1960s. In 1973, 13.5 million dogs and cats were 
euthanized annually by US shelters, equating to ~ 20% of the owned dog and cat populations (65 
million).2 The number of animal shelters continued to grow over time, from a few hundred in the 1960s to 
3,500 by 2015.2 

Sterilizing animals was an obvious method to reduce pet overpopulation; in the US, spay/neuter 
clinics opened in the 1970s to provide low cost/high volume service. Animal protection organizations 
supported widespread spay/neuter programs and lobbied for stricter regulations on licensing, control and 
sterilization of pets. By 2010, a majority of states in US had mandatory spay/neuter laws to address the 
homeless pet population. In 32 states, animal shelters were required to sterilize dogs and cats prior to 
releasing them (except animals that were too young or medically unfit for the surgery).3 
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Spay/neuter programs, along with other efforts to address pet overpopulation in the US, 
successfully reduced dog and cat euthanasia rates as well as shelter intakes, which declined rapidly in the 
1970s. By the mid 1980s, euthanasia rates of cats and dogs had decreased to 7.6 - 10 million (or 10% of 
owned dogs and cats) and shelter intakes were reduced by 50%.2 

Gonadectomy has become the standard in the US, with over 80% of owned dogs being neutered. 
Veterinary schools train their students to perform orchiectomy and ovariohysterectomy as common 
surgical procedures in dogs and cats. However, the practice of neutering pets varies greatly across the 
world, and in some cultures, it may be considered cruel or harmful. For example, by 2011 as many as 
80% of male and female dogs were neutered in the UK but in Germany and Scandinavia it is less 
common and the practice is often regulated.4 Yet, a lack of standard sterilization does not always result in 
serious pet overpopulation. In Norway and Sweden, for example, there are virtually no stray dogs even 
though neutering is very uncommon, usually only allowable due to an individual health concern.5 
"Responsible pet ownership" instead of spay/neuter is the standard. In the US, animal cruelty laws derive 
from an agrarian tradition of considering animals as property (to be protected) and contain many 
exemptions when an action is of utility to the owner.6 European companion animal legislation, by 
contrast, aims to protect the animal for its own sake, including provisions not to cause unnecessary 
harm.6,7  

 

Implications of gonadectomy and hormone preserving options 
Removal of gonads and associated sex hormones, is known to have significant health and welfare 

impacts on dogs beyond halting reproduction. On the positive side, gonadectomized dogs are not as likely 
to have diseases associated with the sex organs, such as mammary, ovarian and testicular cancers, 
pyometra and prostate disorders.8 Yet a growing body of research on the outcomes of canine 
gonadectomy indicate that serious health complications unrelated to sex organs may occur. Obesity, 
urinary incontinence, various cancers, immune-mediated diseases, musculoskeletal disorders and 
cognitive and behavior problems are more common in gonadectomized dogs.8-13 Natural hormone 
feedback mechanisms become unregulated in neutered dogs. Emerging research indicates that the high 
levels of unopposed luteinizing hormone likely influence development of diverse health disorders.14 

The relationships between sex hormones, health and wellness are not simple and may be 
influenced by many factors, including sex, breed, age and environment. Although additional studies will 
help to elucidate these interactions, enough information has emerged that dog owners are increasingly 
seeking other options to control reproduction without impacting natural hormones. Such gonad sparing 
sterilization options have been known for some time, but are not commonly practiced by veterinarians in 
the US. For female dogs, the first publication on hysterectomy (also called ovary-sparing spay or partial 
spay) was an elegant and succinct treatise published in 197215 and tubal ligation surgery was reported in 
1973.16 Both surgical procedures preserve the ovary and associated hormones, but complete hysterectomy 
is usually preferred, since it eliminates the risk of pyometra by removing both the uterus and cervix. For 
male dogs, the surgical option is vasectomy.  

Nonsurgical hormone-preserving options are also of great research interest, especially for 
resource-limited environments. A recently published study reported successful canine sterilization while 
preserving testosterone using calcium chloride dihydrate in alcohol injected into the epididymis with 
ultrasound guidance;17 dogs retained normal hormone profiles, yet were sterile. Other experimental 
approaches, such as epididymal ligation or therapeutic ultrasound, have promising results.18,19 Whereas 
nonsurgical gonad sparing options will likely become available in the future, highly-informed dog owners 
are increasingly becoming aware of existing surgical techniques to sterilize while preserving hormones. 

 
Interest in alternative canine contraception 

As part of its mission to create meaningful improvements in human and animal health and 
welfare by advancing innovative and neglected medical research, the Parsemus Foundation has supported 
research on new sterilization techniques for pets and its website serves as a resource for veterinarians and 
the public regarding hormone sparing alternatives to traditional spay and neuter.20 Additionally, the site 
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maintains a free listing service of veterinarians who offer contraceptive options for dogs beyond 
ovariohysterectomy (spay) and orchiectomy (neuter).21 The organization is regularly contacted by pet 
owners looking for a veterinarian in their area who offers hormone sparing methods and by veterinarians 
who have questions or wish to join the listing service. Enumeration of these contacts from September, 
2013 through December, 2018 provided information on the recent trend in interest in options beyond 
traditional spay/neuter. Total quarterly contacts increased 4 fold by 2017 - 2018 (from 2.9 
contacts/quarter in 2013 - 2016 to 12.5 contacts/quarter in 2017 - 2018; Figure 1). This increase likely 
reflects how the growing number of scientific publications, media placements and internet posts on the 
topic are translating into public demand and veterinary interest in hormone-sparing methods. 

 

  
 

Figure 1. Contacts to the Parsemus Foundation regarding alternatives to traditional spay/neuter from the last quarter of 2013 
through the last quarter of 2018. The contacts were via email and included the public seeking a veterinarian or asking questions 
(grey line) and veterinarians or others registering or updating information on the listing of veterinarians maintained at the website 
(black line).21 Contacts increased 427% from 2013 - 2016 to 2017 - 2018. 

A social media group (Ovary Sparing Spay and Vasectomy Info Facebook Group) was launched 
in May 2013 to discuss alternatives to traditional spay and neuter. As of January 28, 2019, the group had 
13,553 members (8,500 active), with 72% of the members from the US followed by Canada (10%), UK 
(8%) and Australia (5%). The group also maintains a listing of veterinary clinics around the world that 
offer these procedures (170 clinics as of February 7, 2019).22 

Clearly the awareness and interest in sterilization options beyond hysterectomy and orchiectomy 
has grown in recent years. However, the experience of the Parsemus Foundation indicates that there are 
not enough veterinary practitioners who offer alternative services to meet client demand. The American 
Veterinary Medicine Association estimates that there are > 68,000 companion animal veterinarians 
working in the US.23 Yet only 195 veterinarians are listed as offering hysterectomy or vasectomy on the 
lists maintained by Parsemus Foundation or the Ovary Sparing Spay and Vasectomy Info Facebook 
group. The low proportion of practitioners offering hormone sparing alternatives was confirmed in a 
survey of 81 veterinarians at the 2017 AVMA conference. Whereas 73.4% reported discussing long-term 
health risks of traditional spay and neuter with dog owners prior to surgery, only 7.4% percent reported 
performing hysterectomies or vasectomies in dogs.24 We are also not aware of any animal shelters 
offering the option of hormone-preserving sterilization, which may dissuade some individuals from 
adopting from shelters that require gonadectomy before release. 
 

Looking forward and the need to address identification 
Some may feel that the data available on negative sequelae from ovariohysterectomy and 

orchiectomy are not consistent or significant enough to warrant a change from the current practice. With 
any complex system, though, numerous individual and external factors influence outcomes. The 
recognition of this fact in human medicine has resulted in a move away from a model in which all patients 
receive the same care based on average responses to clinical trials, toward personalized (or precision) 
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medicine, in which care is matched to an individual patient based on genetics, environment, lifestyle and 
other factors. Veterinary oncology is beginning to adopt this perspective.25 

Sterilization method similarly requires an individualized approach, with the veterinarian and 
client evaluating risk factors specific to each dog. With the movement toward personalized medicine and 
increasing public demand, it is likely that over time, more veterinarians will begin to offer a variety of 
canine sterilization options, including hormone-preserving methods. Standardizing methods to identify 
dogs that have undergone sterilization is needed now. Apart from castration, which is usually visually 
identifiable, other methods (including nonsurgical sterilization) may not be obvious unless the dog is 
marked in some way. Appropriate identification of sterilized dogs is important so that the dog does not 
undergo surgery a second time unnecessarily. 

Identification methods have been used in domestic animals for centuries and include various 
attributes: inherent features (visibility, duration and information conveyed) as well as practical features 
(ease and expense of administration and detection). The dog’s situation (stray or owned) and aspects of 
the sterilization procedure (whether sedation is required) are also important components of choosing 
appropriate identification methods. For a coherent review of the pros and cons of dog marking 
procedures, see the Alliance for Contraception of Cats and Dogs.26 For example, collars are highly visible, 
can convey different types of information, do not require sedation, are inexpensive, and are easy to apply, 
but they are not permanent and are not well-suited to stray dog populations since they must be monitored 
for replacement.  

In evaluating the best identification option for hormone-preserving sterilization, the following 
considerations are relevant: 

 Dogs receiving hormone preserving sterilization are usually owned 
 Permanent identification is important, since identifying sterilization status becomes relevant when 

there is a lack of prior medical information (if dog is rehomed, lost or abandoned) 
 Hormone preserving methods, including hysterectomy, vasectomy and intraepididymal chemical 

sterilization, require sedation or general anesthesia of the dog 
The most common identification methods for owned dogs are collar, microchip or tattoo. Collars 

are not appropriate for identification in this situation; they are not considered permanent and even if a tag 
were created indicating the dog had been sterilized, the veterinary practitioner has little influence on 
whether the dog will retain the identification.  

Microchips are becoming more common for dog identification. The microchip is inserted under 
the skin and a code can be read with a scanning device using radio frequency signaling. The code must be 
registered with a service linking it to the owner’s information. Other information, such as sterilization 
status, can be maintained with the owner’s data. Microchipping has been shown to assist with reuniting 
lost pets with their owners, but the inaccuracy of the owner’s data can hamper the usefulness of 
microchips.27,28 Additionally, there is added expense to implant a microchip, as well as the need to have a 
microchip reader and access to the microchip registry. While some countries now mandate microchip dog 
identification and ISO standards, the US has not adopted a standard radio frequency, making microchip 
reading more complicated.29 

Microchips are gaining in popularity for pet identification, but tattoos have been commonly used 
to identify dogs since the mid 20th century in the US. A tattoo is visible, so there is no need for additional 
sensing equipment. Unlike collars and microchips, which rely on the dog owner’s continued diligence for 
effectiveness, tattoos can be fully completed by the veterinarian at the time of sterilization.  

Tattoos can be applied using several types of equipment: a tattoo clamp device which usually 
creates a number inside the ear; a tattoo pen which can be used to create freehand marks; or a needle filled 
with tattoo ink, which creates simple straight line marks (Figure 2).  
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Figure 2. Inguinal area of dog two years after tattoo using a needle to inject green tattoo ink to identify sterilization (arrow 
indicating tattoo). Photo credit: Ruth Steinberger, SpayFIRST. 

The ink is inserted into the dermis layer of the skin and the mark is considered permanent, 
although the quality of the mark can degrade over time making it difficult to read. Microneedle tattoo 
patches, based on the microneedle vaccine delivery patch technology30, is a new concept being studied 
that may provide a permanent mark without the need for equipment or sedation of the dog.31 

Tattoos appear to be the most commonly used identifier for sterilized dogs, although a variety of 
marks are used. The ASPCA provides instruction for standardized marking of dogs that have been spayed 
or neutered, creating a single straight line of green ink.32 However, there is a dearth of information 
available on what practitioners are adopting to identify dogs with nontraditional sterilization techniques. 

To gain information on what identification, if any, veterinary practitioners use to mark dogs 
receiving hormone preserving sterilization, a survey was sent to 102 veterinarians who offer sterilization 
procedures beyond traditional spay and neuter. The brief survey asked if dogs receiving hysterectomy or 
vasectomy were marked, and if so, how. Twenty four responses were received. Results indicated that a 
majority of veterinarians do not provide any identification of dogs receiving a hysterectomy (85.7%) or a 
vasectomy (68.2%). Of the few who did mark dogs following hysterectomy, a microchip was used by 1 
respondent, a green line on abdomen by another, and internal staple by the third respondent. To identify 
dogs receiving a vasectomy, 1 respondent used microchip and 6 used green tattoos (four used a green 
“V”-shaped tattoo and 2 used a green straight line tattoo).  

Clearly, greater use of marking is required to prevent unnecessary repeat surgeries. However, lack 
of standardization has been a barrier to greater use. After review of common identification methods for 
owned dogs and methods being used currently by veterinarians, as well as consultation with 
theriogenologist Michelle Kutzler who has advocated for hormone-sparing dog sterilization, we 
recommend a simple tattoo in the inguinal area as the standard for hormone-preserving sterilization 
methods: 

 Hysterectomy: Green “X” slightly lateral to midline near umbilicus 
 Vasectomy: Green “V” lateral and cranial to scrotal region 

The simplicity of the marks does not require dedicated tattoo equipment or special skill, so that 
most veterinarians could provide the identification. Tattoos can be created using a needle or scalpel to 
apply the tattoo ink to the dermis. The procedure is completed while the dog is sedated for a sterilization 
procedure, and no additional input from the owner is required and no additional equipment is needed for 
detection. Although clarity of a tattoo may decrease over time, in this case it is not necessary that it is 
legible, but just visible enough to inform a practitioner that a sterilization procedure had already been 
completed. 

 
Conclusion 

Gonadectomy became a standard of responsible veterinary care to address pet overpopulation 
issues in the late 20th century in the United States. Ovariohysterectomy and orchiectomy have been 
aggressively advocated for both owned and stray dog populations, with low cost/high volume spay/neuter 
clinics augmenting services provided by companion animal veterinary clinics, and animal shelters often 
mandating gonadectomy prior to release of adoptable dogs.  
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After decades of clinical experience with large numbers of gonadectomized dogs, researchers 
have begun to identify negative impacts on health and welfare after loss of natural hormones.8,14 It has 
been only recently that potential negative outcomes of spay/neuter have gained the attention of the public, 
and our analysis indicates an increase in public interest in hormone-sparing sterilization methods. 
Hysterectomy, vasectomy and nonsurgical epididymal approaches are options to sterilize without 
impacting hormones, but are not widely practiced by veterinarians. Public demand is likely to grow, and 
the trend toward individualized, precision medicine will further influence the decision making process 
used by veterinarians and clients to determine the best sterilization method for a dog. Thus, hormone-
sparing sterilization methods are expected to take a place as one of several available canine contraception 
options. 

With the expected growth in the number of dogs receiving hormone-sparing sterilization surgery, 
it is important that identification is standardized so that dogs do not undergo unnecessary surgery if they 
are no longer with their original owners. Following analysis of markings currently in use, we recommend 
simple, green ink tattoos in the inguinal area, "X" for hysterectomy and "V" for vasectomy.  
 

Conflict of Interest 
The author claims no conflict of interest. 

 
Acknowledgement 

Author acknowledges the pioneering efforts of Elaine Lissner, founder and trustee of Parsemus 
Foundation, in supporting and advocating for more contraceptive options for pets and thank her for 
review of an earlier version of this manuscript. The concepts in this manuscript have been improved by 
discussions with Dr. Michelle Kutzler of Oregon State University and Joyce Briggs of the Alliance for 
Contraception in Cats and Dogs. 

 
References 
1. Hartwell S: Cats and cat care – 1940s-1960s: Neutering & population control. 1996 -2004 [cited 2019 Feb 4]. In: Cats 

and Cat Care through the Ages [Internet]. Available from http://messybeast.com/retro1940-neutering.htm 
2. Rowan A, Kartal T: Dog population & dog sheltering trends in the United States of America. Animals 2018;8:3-20. 
3. Hodges C: Brief Summary of State Spay and Neuter Laws. 2010. [cited 2019 Feb 5]. In: Michigan State University 

Animal Legal & Historical Center [Internet]. Available from: https://www.animallaw.info/intro/state-spay-and-neuter-
laws 

4.  Von Heimendahl A: The neutering of dogs and bitches in the UK and Europe. 2011 Nov 1 [Cited 2019 Feb 13]. In: 
Veterinary Practice [Internet]. Available from: https://veterinary-practice.com/article/the-neutering-of-dogs-and-
bitches-in-the-uk-and-europe 

5. Sallander M, Hedhammar Å, Rundgren M, et al: Demographic data of a population of insured Swedish dogs measured 
in a questionnaire study. Acta Vet Scand 2001;42:71-80. 

6. Tomaselli PM: Detailed discussion of international comparative animal cruelty laws. 2003. [Cited 2019 Feb 5]. In: 
Michigan State University Animal Legal & Historical Center [Internet]. Available from: 
https://www.animallaw.info/article/detailed-discussion-international-comparative-animal-cruelty-laws#id-8 

7. Cardoso SD, Faraco CB, de Sousa L, et al: History and evolution of the European legislation on welfare and protection 
of companion animals. J Vet Behav 2017;19:64-68. 

8. Society for Theriogenology, Board of Directors, and the American College of Theriogenology [Internet]: Montgomery 
AL: American College of Theriogenology; c2013 [cited 2019 Feb 13] Basis for Position on Mandatory Spay-Neuter in 
the Canine and Feline. Available from: http://c.ymcdn.com/sites/www.therio.org/resource/resmgr/docs/spay-
neuter_basis.pdf 

9. Reichler IM: Gonadectomy in cats and dogs: a review of risks and benefits. Reprod Domest Anim 2007;44(Suppl. 
2):29-35. 

10. Sundburg CR, Belanger JM, Bannasch DL, et al: Gonadectomy effects on the risk of immune disorders in the dog: a 
retrospective study. BMC Vet Res 2016;12:278. 

11. Hart BL: Effect of gonadectomy on subsequent development of age-related cognitive impairment in dogs. J Amer Vet 
Med Assoc 2001;219:51-56. 

12. Slauterbeck JR, Pankratz K, Xu KT, et al: Canine ovariohysterectomy and orchiectomy increases the prevalence of 
ACL injury. Clin Orthop Relat Res. 2004;429:301-305. 

13. Farhoody P, Mallawaarachchi I, Tarwater PM, et al: Aggression toward familiar people, strangers, and conspecifics in 
gonadectomized and intact dogs. Front Vet Sci 2018;5:1-13. 

252Clinical Theriogenology • Volume 11,  Number 3 • September 2019



 

14. Zwida K, Kutzler MA: Non-reproductive long-term health complications of gonad removal in dogs as well as possible 
causal relationships with post - gonadectomy elevated luteinizing hormone (LH) concentrations. J Etiol Anim Health 
2016;1:002. 

15. Belfield WO: “Partial spay (hysterectomy).” Veterinary Medicine. 1972;1223-1224. 
16. Grier RL. Tubal ligation-alternative sterilization operation. Iowa State University Veterinarian. 1973;35:49-50. 
17. Leoci R Aiudi G, Cicirelli V, Brent L, et al: Effects of intratesticular vs intraepididymal calcium chloride sterilant on 

testicular morphology and fertility in dogs. Theriogenology 2019;127:153-160. 
18. Tamadon A, Nikahval B, Sepehrimanesh M, et al: Epididymis ligation: a minimally invasive technique for preparation 

of teaser rams. Vet Surg 2010;39:121-7. 
19. Leoci R, Aiudi G, Silvestre F, et al: Therapeutic ultrasound as a potential male dog contraceptive: Determination of the 

most effective application protocol. Reprod Dom Anim 2015;50:712-718. 
20. Parsemus Foundation [Internet]: San Francisco: Parsemus Foundation; c2019 [cited 2019 Feb 13]. Ovary-sparing spay, 

promoting choice for optimal animal health. Available from: https://www.parsemus.org/projects/ovary-sparing-spay/ 
21. Parsemus Foundation [Internet]: San Francisco: Parsemus Foundation; c2019 [cited 2019 Feb 13]. Veterinary list, 

providers of alternatives to traditional spay/neuter. Available from: https://www.parsemus.org/projects/veterinarian-list/ 
22. Ovary-sparing spay and vasectomy info group: c2019 [cited 2019 Feb 13]. Available from: 

https://www.facebook.com/groups/alternativealteringinfo/ 
23. Dicks MR, Bain B, Knippenberg R, et al: The 2016 AVMA Report on the market for veterinarians. Veterinary 

Economics Division, American Veterinary Medical Association. October 2016. 
24. Brent L, Kutzler M: Alternatives to traditional spay and neuter – evolving best practices in dog sterilization. Innovative 

Vet Care J 2019;8:32-35. 
25. Klopfleisch R. Personalised medicine in veterinary oncology: One to cure just one. Veterinary J 2015; 205:128-135. 
26. ACC&D Think Tank [Internet]: Portland: Alliance for Contraception in Cats and Dogs; c2019 [cited 2019 Feb 13]. 

Identifying & Prioritizing Marking Methods for Non-Surgically Sterilized Cats & Dogs. Available from: 
https://www.acc-d.org/research-innovation/acc-d-think-tanks/marking-id 

27. Lancaster E, Rand J, Collecott S, et al: Problems associated with the microchip data of stray dogs and cats entering 
RSPCA Queensland shelters. Animals 2015;5:332-348. 

28. Lord LK, Ingwersen W, Gray JL, et al: Characterization of animals with microchips entering animal shelters. J Am Vet 
Med Assoc 2009;235:160-167. 

29. American Veterinary Medical Association, Resources [Internet]: Schaumberg, IL:American Veterinary Medical 
Association; c2109 [cited 2019 Feb 12]. Resources. Microchipping of animals. Available from 
https://www.avma.org/KB/Resources/Reference/Pages/Microchipping-of-Animals-Backgrounder.aspx 

30. Arya JM, Dewitt K, Scott-Garrard M, et al: Rabies vaccination in dogs using a dissolving microneedle patch. J Control 
Release 2016;239:19-26. 

31. Getty S, Benka V: Marking and identifying free-roaming animals. Presented at the 6th International Symposium on 
Non-surgical Contraceptive Methods of Pet Population Control. 2018. Available from: 
https://www.youtube.com/watch?v=UMIRc2yKjq0&t=49s 

32. ASPCApro, Tools and Tips. [Internet]: New York: American Society for Prevention of Cruelty; c2019 [cited 2019 Feb 
12]. Spay/neuter tattoo application. Available from: https://www.aspcapro.org/resource/spayneuter-tattoo-application 

 

253 Clinical Theriogenology • Volume 11,  Number 3 • September 2019



254Clinical Theriogenology • Volume 11,  Number 3 • September 2019



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


	OMNIBLANK: 


