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About 75% of dogs worldwide are free to roam and reproduce, thus creating locally over-
abundant populations. Problems caused by roaming dogs include diseases transmitted to
livestock and humans, predation on livestock, attacks on humans, road traffic accidents, and
nuisance behavior. Nonsurgical fertility control is increasingly advocated as more cost-
effective than surgical sterilization to manage dog populations and their impact. The aims
of this reviewwere to 1) analyze trends in numbers of scientific publications on nonsurgical
fertility control for dogs; 2) illustrate the spectrum of fertility inhibitors available for dogs; 3)
examinehowdifferences betweenconfined and free-roamingdogsmight affect the choice of
fertility inhibitors to be used in dog populationmanagement; and 4) provide a framework of
criteria toguidedecisions regarding theuseof nonsurgical fertility control fordogpopulation
management. The results showed that the 117 articles published between 1982 and 2011
focussed on long-term hormonal contraceptives, such as gonadotropin-releasing hormone
agonists, immunocontraceptives, and male chemical sterilants. The number of articles
published biennially increased fromone tofivepapers produced in the early1980s to10 to20
in the past decade. Differences between confined dogs and free-roaming dogs include
reproduction and survival as well as social expectations regarding the duration of infertility,
the costs of sterilization, and the responsibilities for meeting these costs. These differences
are likely to dictate which fertility inhibitors will be used for confined or free-roaming dogs.
The criteria regarding the use of fertility control for dog populationmanagement, presented
as a decision tree, covered social acceptance, animalwelfare, effectiveness, legal compliance,
feasibility, and sustainability. The review concluded that the main challenges for the future
are evaluating the feasibility, effectiveness, sustainability, and effects of mass nonsurgical
sterilization campaigns on dog population size and impact aswell as integrating nonsurgical
fertility control with disease vaccination and public education programs.

� 2013 Published by Elsevier Inc.
1. Introduction

The global dog population is estimated to be around 700
million [1]. National and international organizations
working on dog population management and welfare often
classify dogs in the following categories, according to
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ownership and degree of confinement: 1) owned and
permanently confined within household premises; 2)
owned by a single household but free to roam; 3) “com-
munity owned,” with several households or people
providing food and shelter but free to roam; or 4) own-
erless and free-roaming. About 75% of the worldwide dogs,
often referred to as stray, are free to roam and reproduce
[2]. This creates locally overabundant populations of ani-
mals that are often in poor health and have a high turnover
because of low survival rates.
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Problems caused by free-roaming dogs include diseases
transmitted to livestock and humans, predation on live-
stock, bites, road traffic accidents, and nuisance behavior
such as barking and soiling [3,4]. Although some studies
found that the majority of dog bites are due to dogs that
are owned by or known to the victims rather than to strays
[5–7], free-roaming dogs share some of the responsibility
for bites [4]. For instance in Samoa, 56% of bites occurred in
a public place [6]; in Bangalore (India), 64% of dog bites
were associated with stray dogs [8]. Among the zoonoses,
rabies is of particular concern for humans and livestock:
dogs are responsible for >90% of the estimated 55,000
human deaths and for the millions of people that each year
receive postexposure prophylaxis following a bite [9]. The
majority of deaths and postbite vaccinations occur in Asian
and African countries, which can barely afford this eco-
nomic burden [9]. Dogs also pose serious threats to wildlife
and biodiversity as predators, competitors, transmitters of
disease, and by interbreeding with native species [1,10].

Traditional efforts to mitigate problems caused by free-
roaming dog populations rely on public education, disease
vaccination, and population management, the latter carried
out through lethal control or through fertility control. Lethal
control is increasingly opposed by local communities,
nongovernmental agencies, and animal welfare organiza-
tionsbecauseof its lackofhumaneness andeffectivenessand
because of the impact of toxicants on the environment and
on nontarget species [11,12]. Culling has also a social impact,
because many free-roaming dogs do have owners that will
oppose indiscriminate killing. In addition, people may be
against culling for religious beliefs [13,14]; for instance,
Buddhism and Hinduism oppose animal slaughtering [13].

Dog population management has focused recently on
surgical sterilization, often provided as subsidized or free
services to dog owners or through catch, neuter, and
release of free-roaming dogs. Although surgical steriliza-
tion is more socially acceptable than culling, it is relatively
expensive because of the use of drugs, specialized staff, and
facilities, and has potential welfare risks because of the use
of anesthetics [15–17]. In addition, some dog owners are
opposed to surgical sterilization, citing compassion, un-
necessary procedure, cost, and behavioral changes as rea-
sons against this method [15,18].

Contraceptives and sterilants (hereafter referred to as
fertility inhibitors or fertility control agents unless other-
wise specified) could provide a cost-effective, humane
alternative to surgical sterilization. In recent years, the po-
tential market for these drugs and a growing public interest
in alternatives to surgical sterilization for companion ani-
mals, wildlife, and livestock have promoted investments
into the development of fertility inhibitors. Nonsurgical
fertility control is increasingly advocated for the resolution
of human–wildlife conflicts [19,20] and as alternatives to
surgical sterilization in livestock, zoo, and companion ani-
mals [21]. In companion animals, fertility inhibitors areused
for preventing reproduction, suppressingnuisance behavior
such as spraying, roaming, and aggressiveness and for
treating medical conditions [22,23]. Nonsurgical steriliza-
tion of free-roaming dogs has the potential to bemore cost-
effective than surgical sterilization in reducing the size and
impact of dog populations as many more animals can be
treated comparedwith the numbers that can be neutered or
spayed per unit time [16,24]. The first part of this review
analyzes trends in the number of scientific publications on
nonsurgical sterilization for dogs, used as an indicator of
public growing interest in this field. The second part illus-
trates fertility inhibitors currently available orwidely tested
on wildlife and on companion animals.

Previous reviews of fertility inhibitors for companion
animals paid relatively little attention to the differences
between confined and free-roaming dogs in terms of
reproduction, survival, or owner and/or community ex-
pectations regarding use and outcomes of fertility control.
The third part of the review discusses how these differ-
ences might affect the choice of drugs used to control
fertility in dogs, with particular focus on fertility inhibitors
that are likely to be employed for large-scale field appli-
cations. The fourth part of the review examines nonsurgical
sterilization in the wider context of dog population man-
agement and provided a framework of criteria to guide
decisions in this area.

2. Trends in numbers of scientific publications on
nonsurgical sterilization for dogs

To analyze trends in numbers of scientific publications
on nonsurgical sterilization for dogs in the past 30 years,
we used a text search approach on four databases: BIOSIS,
CAB Abstracts, Zoological Records, and Medline, all
accessed on October 12, 2012. We used the following key-
words in the title or the abstract of publications: “dog,”
“fertility control,” “fertility inhibition/inhibitor,” “immu-
nocontraception/immunocontraceptive,” “reproductive
inhibition/inhibitor,” “contraception/contraceptive,” “ster-
ilization.” The results of database searches were used to
obtain the following data: 1) number of articles published
per year; 2) number of gender-specific applications of
fertility inhibitors (i.e., females only, males only, or both);
3) type of study, classified as in vivo, in vitro, or review or
model; and 4) type of contraceptive, divided into “male
sterilant” (including only drugs delivered through testic-
ular injection), “immunocontraceptives,” “GnRH agonists
and antagonists,” “synthetic progestins,” and “other.” Re-
views were included only if they explicitly mentioned dogs.
Only articles that referred explicitly to fertility inhibitors
for dogs were included; publications aimed at evaluating
sterilants and contraceptives for their therapeutic uses
were not included. For ease of presentation, the number of
articles published every 2 years was calculated.

The results showed that 117 articles were published
between 1982 and 2011. The trend indicated that the
number of publications increased considerably from one to
five articles published biennially in the early 1980s to mid-
1990s to 10 to 20 in the most recent decade (Fig. 1).

Possible reasons for the increase include: 1) progress in
the elucidation of the molecular mechanisms regulating
fertility in dogs; 2) availability of new technologies, such as
slow-release implants, that widened the spectrum of ap-
plications for fertility control in dogs; 3) pressure from the
public and from animal welfare organizations to develop
alternative methods to lethal control or to surgical sterili-
zation; and 4) advancements in several, parallel fields, such



Fig. 1. Number of biennial publications containing the defined search terms
on fertility inhibitors for dogs.
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as contraceptives developed for livestock and wildlife
[22,25,26].

Out of the 117 articles, 62% (n ¼ 73) referred to in vivo
and in vitro empirical studies and the remaining to reviews
or models. Of the 64 in vivo studies, 51.5% (n ¼ 33) were
carried out on females only, 47% (n¼ 30) onmales only, and
one study (1.5%) on both genders. Fertility inhibitors used
in the in vivo studies were 16% (n ¼ 10) male sterilants, 17%
(n ¼ 11) immunocontraceptives, 56 % (n ¼ 36) GnRH ago-
nists and antagonists, 11% (n ¼ 7) synthetic progestins (n ¼
4) and other contraceptives (n ¼ 3).

3. Contraceptives and sterilants

Chemical fertility control can be achieved through
contraception, which prevents the birth of offspring but
maintains fertility or by sterilization, which renders ani-
mals infertile [27,28]. GnRH is one target for fertility
inhibitors. GnRH controls the release of the pituitary go-
nadotropins, LH and FSH, which in turn control the pro-
duction of sex hormones and ultimately ovulation,
spermatogenesis, and sexual behavior. In females, a further
target for contraception is the zona pellucida (ZP), a group
of proteins that surrounds the ovulated egg and allows
species-specific sperm recognition and fertilization. In
males, sterilization can also be achieved by chemicals that
cause testicular sclerosis and permanent sterility.

The following section presents a brief overview of
fertility control agents commercially available or widely
tested on free-living wildlife, zoo animals, and cats and
dogs. Taking into account field applications for free-roaming
dogs, the review included only those drugs that induce
infertility for at least 6 to 12 months after one or two doses.
Some examples of contraceptives that are very effective in
fully confined companion animals but unlikely to be suitable
for dog population management are provided. Unless
explicitly mentioned, most of the information on contra-
ceptives for zoo animals was derived from the Association
of Zoos and Aquariums Wildlife Contraception Center at the
St. Louis Zoo [29], and information on dogs and cats from
the Alliance for Contraception in Cats and Dogs [22].

3.1. Hormonal methods

Several steroid hormones, such as progestins, estrogens,
and androgens, have been used as reproductive inhibitors
in dogs, zoo animals, and in some wildlife species. Higher
doses of these hormones are required to block ovulation
than to achieve contraception; thus, it is possible that
ovulation and behavioral signs of estrus occur in animals
that are otherwise unable to conceive [22]. Synthetic pro-
gestins include megestrol acetate (MA), melengestrol ace-
tate (MGA) and levonorgestrel. MA, used for dogs and cats
over several decades under different brand names, pre-
vented estrus in 92% of bitches when administered orally
for 8 days, starting at a very specific time of the estrous
cycle (proestrus) [30]. These specific requirements make
MA a classic example of a contraceptive that is very effec-
tive for confined companion animals but unsuitable for
free-roaming dogs. MGA has been widely used in zoo ani-
mals and is very effective on many carnivore species, pri-
mates, and ungulates. Delivered as an implant, MGA
induces infertility for at least 2 years or longer, depending
on species. An MGA implant may vary in cost between US$
25 and 75, depending on species and body weight [29].
However, MGA is associated with a variety of uterine pa-
thologies and its use is not generally recommended for
long-term contraception of canids and felids [27,28,31].
Similarly, synthetic progestins are not recommended for
pregnant animals because in some species they may induce
embryonic resorption, stillbirth, or abortion [32]. Levo-
norgestrel is a synthetic progestin used as the active
component of a multiyear implant contraceptive originally
approved by the US Food and Drug Administration for
human contraception and known as Norplant (Wyeth-
Ayerst) [33]. Because of side effects such as migraine,
irregular menstrual cycles, and weight changes, the drug
was withdrawn from several markets but is still used for
human contraception in others [34]. In animals, levonor-
gestrel has been used for long-term inhibition of repro-
ductionwithout apparent adverse side effects. For instance,
levonorgestrel implants provided �3 to 4 years of contra-
ception in tammar wallabies (Macropus eugenii) [35], gray
kangaroos (Macropus giganteus) [36], and koala (Phasco-
larctos cinereus) females [37]. Levonorgestrel implants
induced infertility in captive Cotton-top tamarins (Saguinus
oedipus) for 19 to 50 weeks [38] and in domestic cats for at
least 1 year [39]. Because the patent on levonorgestrel
implants has recently expired, at least in Australia, it is now
possible to obtain these products for US$ 10 per dose
(G. Coulson, personal communication), although no trial
has been published on effects and effectiveness in dogs.

Other hormonal methods are based on GnRH agonists,
which are proteins that mimic GnRH and stimulate pro-
duction and release of FSH and LH. The treatment with
GnRH agonists initially causes estrus and ovulation, also
known as the “flare-up” effect, followed by prolonged
ovarian quiescence [22,25]. Female dogs treated with a
GnRH agonist implant should be considered fertile for the
following 3 to 4 weeks [29,40]. GnRH agonists also cause a
temporary enhancement of testosterone and semen pro-
duction in males. The effectiveness of the various GnRH
agonists depends on many factors, including the agonist
potency, the release system, the dose, and the duration of
treatment [25]. The side effects of GnRH agonists are
generally similar to those associated with removal of the
gonads but are reversed once the treatment, often
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delivered as an implant, is suspended. In dogs, GnRH ago-
nists may cause abortion [33,40]. Among GnRH agonists,
deslorelin (Suprelorin, Virbac), administered as an implant,
induced 1 to 2 year contraception in cats and other felids,
wild dogs, and tammar wallabies [27,41–43]. In dogs,
deslorelin postponed estrus in females for up to 27 months,
and the duration of efficacy did not depend on the stage of
the estrous cycle of the animal when treated [44]. In males,
the suppression of reproduction was dose-related: dogs
that received >0.3 mg/kg body weight of deslorelin were
infertile for at least 12 months and spermatogenesis was
suppressed for more than a year in 14 of 16 dogs admin-
istered deslorelin [44]. In both sexes, fertility resumed after
the implants were removed [44]. Suprelorin is registered
for use in male dogs in Australia and Europe; in Europe, the
cost of a single 9.4-mg implant to veterinarians is US$ 100
(M. Brash, personal communication).

The GnRH agonist azagly-nafarelin (Gonazon, Intervet
International B.V.), administered as an implant, induced at
least 1-year reversible contraception in female dogs and
suppressed estrus for 18 months in 92% of bitches given a
second implant [45]. Gonazon prevented puberty in young
female dogs for at least 1 year, and suppressed estrus in cats
for at least 24 months with no side effects observed [45]. In
81% of male dogs, Gonazon implants induced a 96%
decrease in the concentration of testosterone for at least 6
months. In parallel, a reduction of aggressive behavior was
observed in 62% of the treated dogs older than 6 years and
in 73% of the treated dogs younger than 3 years [23].
Gonazon received regulatory approval in the EU in 2006,
but the company never brought it to market.

3.2. Immunocontraceptives

Immunocontraceptive vaccines act by inducing anti-
body production against proteins or hormones essential for
reproduction and thus preventing conception. The immu-
nocontraceptives most commonly used for wildlife are
GnRH-based vaccines and ZP-based vaccines. GnRH vac-
cines target GnRH, thus ultimately preventing ovulation
and spermatogenesis; ZP-based vaccines inhibit egg–
sperm binding and fertilization. The effectiveness and
longevity of immunocontraceptive vaccines, as well the
incidence and severity of side effects, depend on many
factors that include sex, age, and species as well as active
ingredients, formulation, and dose of the vaccine and of the
adjuvant [20,46]. ZP-based vaccines have been used
to inhibit reproduction in rodents, ungulates, carnivores,
elephants, and marsupials [20,47]. For instance, a single
injection of the ZP vaccine SpayVac (ImmunoVaccine
Technologies) induced infertility in white-tailed deer and
horses for up to 4 years [46,48]. Although early trials in
dogs were promising [49], ZP-based vaccines did not
induce infertility in cats [50] and dogs [51]. Conflicting
findings between studies might be due to differences in the
methods used to obtain ZP, vaccine formulation, type of
adjuvant employed, and to differences in vaccination
schedule [24,47]. ZP-based vaccines prevent fertilization
but do not affect ovulation; thus, treated animals exhibit
estrus, and in some species cycle more frequently than
untreated individuals [52,53].
GnRH-based immunocontraceptive vaccines stimulate
the production of antibodies that bind to circulating GnRH,
thus preventing the release of LH and FSH. Several GnRH-
based immunocontraceptive vaccines have been devel-
oped and tested onmany species of mammals. Themajority
of thesevaccineshavebeendesigned fordelivery inmultiple
doses to livestock and companion animals [20]. Single-dose
GnRH-based vaccines, specifically developed for wildlife,
have more potential for use in managing dog populations.
One of these vaccines, GonaCon, recently registered in the
United States as a contraceptive for white-tailed deer,
horses, and feral donkeys, induced infertility in wild boar
(Sus scrofa), cats, dogs, horses (Equus caballus), bison (Bison
bison), and ground squirrels (Spermophilus beecheyi) for at
least 1 to 6 years after a single injection [48,54–56]. In cats,
GonaCon induced infertility for 1 year in 93% of the 15 fe-
males treated with a single dose; in years 2, 3, and 4
following injection, reproduction was suppressed in 73%,
53%, and 40% of females, respectively [57]. In dogs, no data
are available on the duration of induced infertility. In all
species, GonaConprevents ovulation and treated females do
not exhibit estrous behavior [56,57]. The lack of estrous
behavior prevents females from attracting males andmight
result in reduced diseases transmission or bite rates. For
instance, in brushtail possums (Trichosurus vulpecula), the
transmission coefficient of leptospirosis was 28% higher in
populations subjected to tubal ligation,where animalswere
hormonally competent and cycling, than in control pop-
ulations [58]. Similarly, gonadectomy, which has the same
effect of GonaCon decreased the leptospirosis transmission
rate by 63% to 88% in sterilized female and male possums
compared with animals in nonsterilized populations [59].

Although in most species GonaCon has no side effects,
in others it caused a granuloma (thickened tissue filled
with fluid) at the injection site. Two years after vaccina-
tion, six of 15 cats had a palpable, nonpainful injection site
granuloma [57]. Dogs treated with GonaCon showed
sterile abscesses and draining tracts at the injection site
relatively soon after injection [60]. Following these find-
ings, a new formulation of GonaCon was produced: the
results from a pilot study conducted on captive dogs in
Mexico with the new formulation showed no abscess at
injection site [61]. Combined rabies and GnRH vaccines
have potential for dog rabies control, although the effect
and long-term efficacy remain to be tested in dogs [16,62].
GonaCon is not currently commercially available for dogs.
However, the US Department of Agriculture Animal and
Plant Health Inspection Service is actively seeking a
licensing and manufacturing partner (J. Eiseman, personal
communication).

3.3. Chemosterilants

Several drugs have been developed for the sterilization
of male dogs. In particular, intrastesticular sterilants have
been studied for more than five decades; these are injected
in the testes, epididymis, or vas deferens and cause lack of
sperm in semen and thus infertility.

Zinc gluconate neutralized by arginine (Neutersol,
Addison Biological Laboratory Inc.) was approved in 2003
by the US Food and Drug Administration for chemical



Table 1
Differences in dog categories, defined through dog confinement and
ownership status, likely to affect the type of contraceptives or sterilants
used on dogs.

Confined dogs Free-roaming dogs

Decision to use fertility
inhibitors rests with owner

Decision to use fertility
inhibitors rests with wider
community

Most are accessible Some not accessible
Confined after treatment Mix with other dogs after

treatment
Longer lifespan, often better

health
Shorter lifespan, often poorer
health

Reproduction planned Free to reproduce, may be
pregnant when treated with
fertility inhibitor

Sterilized to prevent
reproduction or sex-related
behavior, improve health,
and reduce disease risk for
the dog

Sterilized to decrease
population size and control
diseases

Cost of sterilization met by
owner

Cost of sterilization rarely met
by owner

No or very few side effects of
contraceptive acceptable by
owner on individual dog

Some side effects of
contraceptive acceptable for
population

Contraceptives expected 100%
effective

Contraceptives not expected
100% effective

Duration of infertility expected
to be predictable

Duration of infertility may vary
and is evaluated on populations

The statements are relative and not absolute for each dog category.
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sterilization of male puppies. Injected into the testicles, this
chemical causes sclerosis of the testes and sterility.

Neutersol induced sterilization in 99.6% of the 223 male
puppies aged 3 to 10 months [63]. Although the treatment
with this chemical does not require general anesthesia,
sedation is recommended to prevent movements of the
dog during injection. Correct injection techniquewas found
critical for the safe use of Neutersol in order to avoid ul-
ceration of the scrotum and painful swelling of the testes.
Unlike surgical castration, Neutersol does not involve
removal of the testicles so that testosterone is not
completely eliminated [28]. In a study carried out in the
Galapagos, severe injection-site reactions occurred in 3.9%
of the 103 dogs treated with zinc gluconate; basal testos-
terone concentration in treated dogs decreased initially but
was similar to untreated dogs 2 years after treatment [15].
Thus, secondary male characteristics such as roaming,
marking, aggression, or mounting may be displayed.

Zinc gluconate is currently available in Mexico,
Colombia, Bolivia, and Panama as Esterilsol and in the
United States as Zeuterin (both through Ark Sciences, New
York). The cost of Esterisol is about US$15 per dog (medium
size) [22]. A similar formulation has regulatory approval in
Brazil as Infertile (Rhobifarma Indústria Farmacêutica). A
study carried out with Esterilsol in Mexico found that this
compound induced azoospermia (absence of sperm) or
aspermia (absence of semen) in 52 of the 53 dogs admin-
istered a single dose per testis [64]. Ulcers related to poor
injection technique occurred at the injection site in 2.6% of
the dogs; however, their incidence decreased when proper
injection technique, such as using new needles for each
injection, were employed. A similar study conducted in
Brazil [18] in dogs concluded that zinc gluconate could be
regarded as a permanent sterilant with no observed sign of
behavioral alteration or severe discomfort following intra-
testicular injection.

Calcium chloride (CaCl2), delivered as intratesticular in-
jection, is being researched as a sterilant for dogs. CaCl2
caused atrophy of the seminiferous tubules and decreased
testosterone concentration and sperm count in a dose-
dependent manner [65]. Although CaCl2 did not affect
dogs’ food intake, chronic stress, or blood parameters,
swelling of the testicles persisted for 3 weeks following in-
jection and the behavior of the animals returned to normal
(although no definition of normal was provided) a month
after treatment [65]. More studies are ongoing to stan-
dardize and validate formulation, dosage, and administra-
tion protocol for CaCl2 [22]. The low cost, ease of use, and
cultural acceptance of a sterilization method that does not
require removal of the testesmakemale sterilants avaluable
tool for large-scale sterilization campaigns, particularly in
areas lacking clinical facilities or skilled staff [15,18,28].

3.4. Novel fertility control inhibitors

A wide spectrum of technologies, ranging from recom-
binant vaccines to fusion proteins, has been used in various
animal species to develop novel immunocontraceptive
vaccines that could ultimately also be tested on dogs. For
instance, recombinant GnRH-based vaccines have been
successful in inducing infertility in male and female cats for
at least 20 months after administration of two doses (at
0 and 28 days), with no evidence of tissue or organ damage
[66]. Other technologies include attenuated recombinant
herpesviruses expressing fertility antigens to induce infer-
tility in dogs and cats, phage-GnRH constructs for immu-
nocontraception of dogs, novel toxin conjugates for
sterilization via gonadotroph ablation, bacterial ghosts, and
virus-like-particles [22,51,67,68].
4. Do ownership status and confinement of dogs
affect the type of contraceptives and sterilants used?
Considerations for field applications

In most countries, a dog population is composed of
animals belonging to all categories, ranging from the two
extremes of confined dogs to roaming, ownerless animals.
These categories are not fixed, as confined dogs can become
roaming dogs and ownerless dogs can be adopted or cared
for by one or more person in the community [2,14]. The
management of a local population of dogs through fertility
control must take into account important differences
between dog categories such as natality, mortality, and
accessibility. Other differences, such as owner and public
expectations on the duration of infertility, the costs of
sterilization, and the responsibilities for meeting these
costs, will influence the choice of contraceptives and/or
sterilants (Table 1).

For confined dogs, the ultimate decision regarding
sterilization rests with the owner; for free-roaming dogs,
the decision rest with the community or evenwith regional
or government authorities committed to decrease the
impact of dogs on society. The choice of appropriate fertility
inhibitors thus shifts from personal preferences and beliefs
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to considerations for a wider context. Confined dogs are, by
definition, accessible at all times, unlike free-roaming ani-
mals, although not all owners of confined dogs are willing
to have their dogs sterilized [14,15,18]. For instance, in Sri
Lanka, 65% of the dog owners offered free contraceptives
for dogs accepted this method against 18% that were
opposed and 17% that were undecided [13]; in Samoa, 49%
of dog owners believed sterilization affected dogs’ ability to
guard [6].

For free-roaming animals, accessibility varies widely
and depends on the proportion of individually and
community-owned dogs versus the proportion of own-
erless dogs.

Continuous access means a dog can be administered
multiple doses of a fertility control drug at precise intervals,
treatment can be discontinued at any time, and possible
side effects can be monitored and treated if necessary.
Confinement of dogs is also important for those contra-
ceptives that induce initial ovulation, such as GnRH
agonists, or that may cause more frequent cycling such as
PZ-based vaccines. Although some confined dogs are kept
on a chain in open yards, most confined dogs are kept in-
doors, with no access to conspecifics. Conversely, roaming
dogs treated with ovulation-inducing contraceptives will
attract other dogs, potentially increasing risk disease
transmission and bite rates.

Confined dogs generally have a relatively long lifespan;
conversely, roaming dogs in many parts of the world do not
live beyond 2 or 3 years because of malnutrition, diseases,
and poor health [69,70]. As population turnover of roaming
dogs is fast because of high mortality rates, a fertility in-
hibitor that prevents reproduction for 2 to 3 years is likely
to cover the entire lifespan of most animals. Studies in
wildlife species indicated that imposed infertility can in-
crease lifespan and improve health, possibly because of the
reduced costs of maternal investment [71,72,73]. If this was
proven in dogs, more long-acting contraceptives or per-
manent sterilants would be required to counteract the
infertility-induced increase in survival.

Owners of confined dogs are generally aware of the
reproductive status of their animals so that treatment
during pregnancy can be avoided. Conversely, free-roaming
dogs may be pregnant when administered fertility in-
hibitors. Drugs thatmight induce abortion are thus safer for
confined dogs.

Confined dogs are sterilized for preventing reproduction
but also for suppressing male sexual behavior such as
spraying and roaming and for treating medical conditions
such as prostatic hyperplasia and mammary tumors
[22,23]. Ownerless dogs, as well as many owned roaming
dogs, are sterilized during mass campaigns aimed at
reducing population size and growth, and at eliminating
dog-borne diseases [74,75]. For free-roaming dogs, the
costs of surgical sterilization are met by local nongovern-
mental agencies or public authorities, often as part of mass
disease-elimination campaigns. However, the cost of sur-
gical sterilization may prevent these campaigns from being
successful [6,76]. Mass vaccination and sterilization cam-
paigns aim at reaching thousands or even hundreds of
thousands of dogs: if fertility inhibitors are used as alter-
native to surgical sterilization, the cost of these drugs must
be lower than the cost of surgical sterilization, for such a
program to be cost-effective [16]. Individual owners are
relatively more likely to afford the cost of more expensive
contraceptives such as implants of GnRH agonists. For
instance, a study conducted in Cambodia [77] found that in
urban and periurban areas, 96% of dog owners were willing
to pay for rabies vaccination. In this context, it is possible
that, if the cost of sterilization was similar to that of rabies
vaccination, owners would be willing to sustain both.
However, owners often quote affordability as one of the
reasons against sterilization [14]. For instance, in Samoa,
52% dog owners offered surgical sterilization at cost-
recovery rates of US$ 20 to 40 per dog, quoted cost as a
major issue when deciding whether to sterilize dogs [6]. In
such context, the proportion of dogs sterilized would in-
crease if fertility inhibitors cheaper than of US$ 20 to 40
were available.

Owners that are willing to pay for nonsurgical contra-
ception are likely to expect that the drugs have no side
effects, are fully effective, and have a predictable duration
so that fertility can be resumed once the contraceptive is
removed. Owners are also less likely to tolerate side effects,
particularly if the probability of their dog to experience
these side effects is unknown.

At population level, the incidence and severity of side
effects of any fertility inhibitor should be compared with
alternative options [26]. For instance, the probability that a
small proportion of animals are likely to experience a
temporary discomfort in the injection site, as might be the
case for male chemosterilants or immunocontraceptives,
should be compared with the incidence of complications
associated with surgery. In a wider context, the probability
and severity of side effects induced by fertility inhibitors
should be considered in relation to a mass campaign’s po-
tential impact on diseases such as rabies.

Besides differences between dogs, social and cultural
difference must be taken into account when considering
both surgical and nonsurgical fertility control to manage
dog populations. For instance, in Samoa, 28% opposed dog
sterilization that was perceived to cause laziness, health
problems, and reduce dogs’ ability to guard; 46% felt that
bitches should either have a litter or go through estrus at
least once [6]. In Thailand, 75% of caretakers of free-
roaming dogs said that dog sterilization (not specified
whether surgical or nonsurgical) is not consistent with
their religious beliefs [14]. Informed decisions on dog
population management should be taken by weighing ad-
vantages and disadvantages of each fertility inhibitor
against what is socially and culturally acceptable.

5. Conclusions and recommendations

The use of fertility inhibitors is gaining acceptance to
control populations of companion animals and wildlife
[19,21,24]. For dog population management, nonsurgical
sterilization is increasingly advocated as deserving priority
for development because of its potential to be more cost-
effective than surgical sterilization [15,21,22,78]. The ben-
efits of using sterilization (both surgical and nonsurgical)
alongside vaccination to manage dog populations include
the reduction in population turnover, which also results in
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the population maintaining herd immunity, improved
health, potential reduction of bite rate, and increased owner
compliance as owners bring their dogs to sterilization cen-
ters [4,26,74]. If sterilizationwas proven to decrease contact
rate and if the latter was directly associated with disease
transmission, as found in other species, sterilization would
also decrease diseases transmission [58]. Clearly, more
research is warranted in this area. In parallel, more studies
should assess whether a decrease in dog density is associ-
ated with a decrease in bite rates, attacks on livestock, and
road traffic accidents.

This review indicated that the past decade saw a sig-
nificant increase in studies concerning fertility inhibitors
for dogs. Despite the fact that several studies mentioned
that these drugs could be used to decrease dog population
size and impact, very few analyzed how differences in
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ideally prevent reproduction in both sexes; and 7) be stable
under a wide range of field conditions.

The overview of fertility inhibitors commercially avail-
able or widely tested in other animal species suggested that
some meet most of the above criteria and therefore have
potential for large dog sterilization campaigns. For
instance, immunocontraceptives and male sterilants
deserve further attention for dog population management.
Although females are the primary target to manage pop-
ulations through fertility control, male sterilants could also
be employed, particularly if less expensive or with longer
effectiveness than those used on females. The review
indicated that contraceptives such as synthetic progestins
and GnRH agonists are more likely to remain limited to
confined dogs, partly because of costs, but also because of
the induction of ovulation that, in roaming dogs, might
cause an initial increase of contact rate with potential
increased risk of disease transmission. The review also
showed the relative lack of knowledge on the impact of
fertility inhibitors on behavior and on sexually immature
versus pubertal dogs and suggested that more work is
required in this area.

Besides the effects of fertility inhibitors on individual
animals, the impact of fertility control to manage dog
populations have been rarely measured. Notable excep-
tions are surgical sterilization campaigns carried out in
India that resulted in sterilization of 62% to 86% free-
roaming dogs [75,79].

If nonsurgical fertility control is chosen to manage dog
populations or their impact, social acceptance, humaneness,
effectiveness, feasibility, costs, and sustainability of this
method should be evaluated at an early planning stage
(Fig. 2). For instance, owners of roaming dogs as well as
other stakeholders shouldbe consultedand informedon the
possible benefits of fertility control. Once verified that dogs
are locally considered as overabundant, the decision tree in
Figure 2 could be used for the steps that must be taken
before launching a mass sterilization campaign. This
framework is based on the assumption that a set reduction
of dogpopulation size, or the eliminationof adisease suchas
rabies, within a predefined timeframe can be achieved by
using nonsurgical fertility control as an additional tool to
education and vaccination. If fertility control is regarded as a
socially acceptable option for dog population management,
the welfare (i.e., side effects), long-term effectiveness, and
effects of fertility inhibitors used must be carefully evalu-
ated. Decisions should be based on available data or on pilot
trials with dogs that are regularly monitored and have ac-
cess to veterinary care.

Knowledge of the local dog population dynamics can be
based on household surveys carried out in conjunction
with estimates of roaming dogs and on data collected on
natality and survival of the different categories of dogs. The
latter can be used tomodel the impact of fertility control on
population dynamics. In wildlife management, models are
increasingly used to investigate the effects of contraception
on population size [80–83]; these models could be adapted
for dog management.

Legal requirement on the import and use of a particular
drug should be considered, unless the drug is already
licensed for use on dogs in that country [19]. Legal
requirements vary widely between countries: if a drug is
not available in a particular country, it might take months
or years before the authorities approve its use. In parallel,
the whole feasibility of the campaign must be carefully
evaluated. This concerns the practicalities of delivering
fertility inhibitors to a sufficient proportion of dogs, the
actual cost of fertility inhibitors, staff, vehicles, and con-
sumables as well as the sustainability of the campaign.
“Sustainability” can be defined as the ability of achieving
the aim of the campaign (e.g., a set reduction of dog
numbers, dog bites or traffic incidents, elimination of a
disease) within a set time, resources, and budget. The
campaign can start only once all these steps have been
carefully considered.

The development of safe and effective fertility inhibitors
for dogs discussed in this review must also be matched by
evidence that nonsurgical fertility control is an efficient,
humane, and socially acceptable alternative to surgical
sterilization for managing overabundant populations of
dogs and their impact on human interests. Understanding
how different dog categories require different fertility in-
hibitors is only one of themany steps that will lead to large-
scale applications of these methods. Integrating fertility
control with vaccination and public education programs,
registering new drugs for dogs, and evaluating the feasi-
bility, effectiveness, sustainability, and impact of mass
nonsurgical sterilization campaigns are the main chal-
lenges for the future of dog population management.
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