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Background: Vaccination and importation of dogs and cats are prohibited in the Galapagos, resulting in a uniquely isolated

population. The purpose of this study was to determine the prevalence of infectious diseases of dogs and cats that impact their

health, could spill over to native wildlife, or sentinel diseases of concern to humans.

Hypothesis: The isolation of dogs and cats in the Galapagos protects them from diseases common in mainland populations.

Animals: Ninety-five dogs and 52 cats presented during a neutering campaign.

Methods: A prospective cross-sectional study was performed. Blood was collected for serological and DNA evaluation of a

panel of infectious diseases.

Results: Antibodies against parvovirus (100%), parainfluenza virus (100%), adenovirus 1/2 (66–67%), and distemper virus

(22%) were present in dogs. Dirofilaria immitis was also common in dogs (34%), with lower prevalences of Wolbachia pipiens

(22%), Bartonella sp. (13%), Ehrlichia/Anaplasma spp. (1%), and Mycoplasma haemocanis (1%) observed. Antibodies against

panleukopenia virus (67%), Toxoplasma gondii (63%), calicivirus (44%), and herpesvirus 1 (10%) were detected in cats. Feline

leukemia virus antigen, feline immunodeficiency virus antibody, or coronavirus antibodies were not detected. Bartonella sp.

(44%) infections were common in cats, but only one was infected withM. haemofelis.

Conclusions and Clinical Importance: Despite their relative seclusion from the rest of the world, cats and dogs of Isabela

were exposed to many pathogens found in mainland South America. Parasite prophylaxis, neutering, and strict enforcement of

animal movement restrictions would control a majority of the diseases. In the absence of vaccination, a reservoir of susceptible

animals remains vulnerable to new disease introductions.
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T
he Galapagos archipelago comprises 13 major is-
lands and more than 100 smaller land masses and

rock outcroppings straddling the equator approximately
600 miles off the coast of Ecuador. Although approxi-
mately 16,000 people live on four of the larger islands,
97% of the islands are park land protected from human
activity. The Galapagos are home to at least 6,000 species
of animals and plants, more than half of which are found
nowhere else on the Earth. The native mammalian spe-
cies are the Galapagos sea lion, fur seal, rice rat, and
Galapagos red and hoary bats. Transient maritime visits
have occurred since the 1500s, and the Galapagos were
formally colonized by Ecuador in 1832. Accompanying
these human activities was the introduction of nonnative
species, either as intentional agricultural introductions or

as incidental passengers on boats and planes. Invasive
species also arrived naturally on ocean and wind cur-
rents. These introduced species are believed to be the
greatest threat to the unique biodiversity of the Galapa-
gos via predation, competition, infectious diseases, and
habitat destruction.1

The Galapagos National Park Service (SPNG) over-
sees conservation in the Galapagos National Park and
Galapagos Marine Reserve. An inspection and quaran-
tine system (SICGAL) was established in 1998 to limit
immigration and prevent the introduction and spread of
exotic and invasive species to and between the islands.
This includes a prohibition against animal movement
and against the use of canine and feline vaccines. Erad-
ication of nonnative feral goats, pigs, donkeys, cattle,
poultry, cats, and dogs has periodically involved hunting
and poisoning.2–5 In 2004, the SPNG launched a trial
program to control dogs and cats by neutering. In May
2004, volunteers from the United Statesa and the islands
conducted a neutering campaign on Isabela Island su-
pervised by the SPNG, SICGAL, and the municipal
Control and Management of Introduced Species com-
mittee (CIMEI) for the island. The pilot program was
deemed a success and expanded to other islands of the
Galapagos in subsequent years.

Isabela is the largest and most volcanically active
island in the Galapagos archipelago. It has a diverse
landscape, rising from beaches of sand and lava rock,
mangroves and lagoons near sea level, through dry for-
ests of cactus and scrubland, to the rain forests of the
highlands, and finally to barren lava flows surrounding
the 6 active volcanoes. The island has the greatest diver-
sity of native animal species and is best known for its
giant tortoises, marine iguanas, and Darwin finches. In
addition to a human population of 1,500, the island is
colonized by many invasive species, including cats and

From the Department of Small Animal Clinical Sciences (J. Levy,
Crawford, Tucker), the Department of Physiological Sciences
(Alleman), College of Veterinary Medicine, University of Florida,
Gainesville, FL; Department of Clinical Sciences, College of Veteri-
nary Medicine, Colorado State University, Fort Collins, CO
(Lappin); the Animal Health Diagnostic Center, College of Veteri-
nary Medicine, Cornell University, Ithaca, NY (Dubovi);
Department of Population Health and Pathobiology, College of
Veterinary Medicine, North Carolina State University, Raleigh, NC
(M. Levy), Animal Balance, San Francisco, CA (Clifford). This
study was performed on Isabela Island, Galapagos. Each investigator
contributed funds to complete the work in their own laboratories.
There was no other source of funding for this project.
Reported in part at the 22nd Annual Symposium of the ACVIM.

Corresponding author: Dr Julie K. Levy, College of Veterinary
Medicine, 2015 SW 16th Avenue, Gainesville, FL 32610; e-mail:
levyj@vetmed.ufl.edu.

Submitted April 5, 2007; Revised July 6, 2007; Accepted July
29, 2007.

Copyright r 2008 by the American College of Veterinary Internal
Medicine

10.1111/j.1939-1676.2007.0034.x

J Vet Intern Med 2008;22:60–65



dogs. Of particular concern is the hunting of endangered
iguanas by free-roaming dogs and of birds by cats.6,7

Most of the residents inhabit the coastal fishing village of
Puerto Villamil, and a smaller number live on farms in
the highlands. In Puerto Villamil, the dogs freely roam in
the village and on the beaches where the iguanas live.Most
dogs are friendly and associate with a family residence
where they return at night. Some cats also appear to as-
sociate with a home or business, whereas others are stray
or feral. Most dogs and cats live outdoors, and it is un-
usual for them to be confined in any way. Pets are
primarily fed uncooked fish scraps or leftovers from fam-
ily meals, and parasiticides developed for human and
food animal use are provided to almost half of the dogs.2

No animals receive heartworm prophylaxis. A census
performed by the CIMEI just before the neutering cam-
paign in 2004 estimated the presence of approximately
320 dogs and 150 cats on the island.
Because dogs and cats may not be transported between

the islands and vaccines are prohibited, Isabela has an
isolated population of dogs and cats. The neutering pro-
gram provided a unique opportunity to evaluate the
health of the dogs and cats in this environment. To the
authors’ knowledge, there are no published reports on
infectious diseases in dogs and cats in the Galapagos. The
purpose of this study was to determine the prevalence of
a broad panel of infectious diseases of dogs and cats that
impact their health, that could spill over to native wild-
life, and that sentinel the presence of diseases of concern
to human beings.

Materials and Methods

Study Participants

A permit for collection and exportation of blood samples from

cats and dogs participating in the neutering project was obtained

from SICGAL. The study population included 95 dogs (30 females,

65 males) and 52 cats (26 females, 26 males) presented for neutering

in May 2004. The animals either were voluntarily presented by their

owners (34) or, in the case of feral cats (18), were captured in hu-

mane traps. The ages ranged from approximately 6 weeks to adult

for cats, and from 6months to adult for dogs. Of the 52 cats, 15 were

juvenileso6 months of age. A majority of animals sampled resided

in the seaside village of Puerto Villamil. Only 3 dogs and 3 cats were

sampled from the farms of the highlands. Based on the CIMEI cen-

sus of 320 dogs and 150 cats, the samples represented 30% of the

estimated dog population and 35% of the estimated cat population.

Sample Collection

Blood was collected by jugular venipuncture into EDTA tubes at

the time of neutering. Blood films were prepared immediately, air

dried, and stained with Wright-Giemsa stain upon return to the

United States. After centrifugation on site, the plasma and

blood cells were separated into plastic cryovials and stored at ap-

proximately 4 1C until being returned to the United States 1–2 weeks

after collection. The samples were then frozen at �20 1C pending

analysis.

Sample Analysis

All assays were performed and interpreted following the stan-

dard operating procedures for each laboratory or the

manufacturer’s instructions. Plasma from canine blood samples

was tested for specific antibodies by ELISA (Ehrlichia canis,b Borr-

elia burgdorferi,bLeishmania donovanic), Western blotc (Trypanosoma

cruzi), microscopic agglutinationd (Leptospira interrogans serovars

canicola, grippotyphosa, hardjo, icterohemorrhagiae, pomona),

IFAe (Babesia canis, Babesia gibsoniAsian genotype, Babesia conrad-

ae), hemagglutination inhibitionc (canine parvovirus [CPV]), and

virus neutralizationc (canine distemper virus [CDV], canine

adenovirus 1 and 2 [CAV1/2], canine parainfluenza virus [CPiV], and

canine enteric coronavirus [CECoV]). The plasma was also tested for

Dirofilaria immitis antigen by ELISA.b DNA was extracted from

blood cells for PCR assaysf (Bartonella spp., Ehrlichia/Anaplasma/

Neorickettsia/Wolbachia spp., andHemoplasma spp.). The Ehrlichia/

Anaplasma/Neorickettsia/Wolbachia spp. PCR assay gives a shared

amplicon for all genera and so amplified products were sequenced to

confirm pathogen species identification.

Plasma from feline blood samples was tested for specific antibodies

by ELISA (Bartonella spp.,f D. immitis,g feline immunodeficiency vi-

rus [FIV],h feline coronavirus [FCoV],c feline panleukopenia virus

[FPV],f,8 feline calicivirus [FCV],f,8 feline herpesvirus 1 [FHV],f,8 and

Toxoplasma gondiif) and for specific antigens by ELISA (D. immitis,b

feline leukemia virus [FeLV]h). DNA was extracted from blood cells

for PCR assaysf (Bartonella spp., Hemoplasma spp., Ehrlichia/

Anaplasma/Neorickettsia/Wolbachia spp.). Blood smears stained

with Wright-Giemsa reagent were evaluated by microscopy for

hemoparasites.

Statistical Analysis

Prevalence was defined as the proportion of tested animals with

positive test results. w2 statistics were used to compare prevalence

between males and females, and juveniles and adults.i Odds ratios

(ORs), 95% confidence intervals (CI), and P-values were calculated

for statistically different prevalences by univariate logistic regres-

sion.i Values of P o .05 were considered to be significant. Binomial

proportion 95% CI were calculated for infection prevalences.

Results

Dogs were commonly seropositive for antibodies
against CPV, CAV-1/2, and CPiV (Table 1). Only 22%
were seropositive for CDV exposure and none was sero-
positive for CECoV. All dogs were negative for
antibodies against E. canis, B. burgdorferi, T. cruzi,
Babesia spp., and 5 serovars of L. interrogans. Antibod-
ies to L. donovani were detected in 4 dogs. D. immitis
antigen was detected in 34% of the dogs. Most (66%) of
the D. immitis-positive dogs were also PCR-positive for
the filarial endosymbiont Wolbachia pipiens, whereas
none of the D. immitis-negative dogs carried W. pipiens.
Anaplasma platys (1 dog) was the only Ehrlichia/Ana-
plasma/Neorickettsia group organism identified by PCR
and genetic sequencing. Mycoplasma haemocanis DNA
was amplified from 1 dog. A total of 13 dogs were PCR
positive for 1 of 3 Bartonella spp., but none of the infect-
ed dogs carried more than a single species. Three of the
D. immitis-positive dogs were coinfected with Bartonella
spp. (2 with B. clarridgeae, 1 with B. elizabethae), and 3
other D. immitis-positive dogs were coinfected with
L. donovani. When the prevalence of infections was com-
pared between male and female dogs, the only significant
difference was a higher rate in males of CAV-1 (77% in
males versus 47% in females; OR 5 3.8, 95% CI 5 1.4–
10.7; P 5 .007) and CAV-2 (75% in males versus 47% in
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females; OR 5 3.5; 95% CI 5 1.9–9.7; P 5 .01). Of the
64 dogs with CAV-1 antibodies, all but 1 also had CAV-2
antibodies. The CAV-1 antibody titer exceeded (48/64
dogs, 75%) or equaled (15/64 dogs, 23%) the CAV-2 an-
tibody titer in all but 1 dog.
Of the cats tested, none was positive for FeLV antigen,

FIV antibodies, or FCoV antibodies, but antibodies
against FCV and FPV were common (Table 2). A ma-
jority of the cats had antibodies to T. gondii (63%) and
Bartonella spp. (75%). One cat had D. immitis antibod-
ies, but all cats were negative for D. immitis antigen.
Mycoplasma haemofelis DNA was amplified from the
blood of 1 cat, and all cats were negative for Ehrilichia/
Anaplasma/Neorickettsia/Wolbachia group DNA. Bar-
tonella henselae or B. clarridgeae DNA was amplified
from the blood of 23 cats; 8 cats were coinfected with
both species. No blood parasites were evident on stained
blood films. When the prevalence of infections was com-
pared between male and female cats, the only significant
difference was a higher rate of B. henselae DNA in
females (59% in females versus 19% in males; OR 5

4.2; 95% CI 5 1.1–17.8; P 5 .04). On comparing infec-
tion prevalence in juvenile (o6 months) and adult cats,
adults had a higher rate of T. gondii (84% in adults ver-
sus 13% in juveniles; OR 5 33.6; 95% CI 5 5.0–293.6;
P o .0001) and FCV (60% in adults versus 7% in
juveniles; OR 5 20.5; 95% CI 5 2.3–463.9; P 5 .001).

Discussion

The results of this survey indicate that some canine
and feline pathogens with a cosmopolitan distribution

have been introduced into the Galapagos and are now
endemic in the local dog and cat populations on Isabela
Island. The dogs and cats were exposed to several com-
mon viruses, including CPV, FPV, CDV, CAV, CPiV,
FCV, and FHV. None of the tested animals was exposed
to enteric coronaviruses or infected with FeLV or FIV.
Two thirds of the dogs were seropositive for CAV. The
CAV-1 antibody titer exceeded or equaled the CAV-2
antibody titer in all but 1 dog, suggesting that CAV-1
was the predominant serotype and that the detection of
CAV-2 reactivity may have been because of nonspecific
cross-reactivity, which is common for CAV. None of the
viruses endemic in the dogs and cats on Isabela infects
human beings, reptiles, or birds. Marine mammals are
susceptible to some strains of CDV and FCV, although
host range and transmission modes are poorly under-
stood.9–11 CDV and FCV are highly contagious and are
spread by virus shed in airborne droplets, in fecal mate-
rial, or by direct contact with infected animals or fomites.
The dogs and cats in Puerto Villamil frequently visit the
beaches, and so there is potential for indirect contact
with the beach-dwelling Galapagos sea lions. However,
during a distemper outbreak in dogs in 2001, serological
tests of sea lions in the area showed no evidence of expo-
sure to CDV.2,12

Parvoviral exposure in particular appeared to be ubiq-
uitous within the dog and cat populations. Several
puppies and adult dogs were observed with hemorrhagic
gastroenteritis during the May 2004 sample collection
period, but on-site testing of feces for parvovirus antigen

Table 1. Results of testing for infectious diseases in 95
dogs from Isabela Island, Galapagos.

Infectious Agent Assay

No. of

Positive

Prevalence

(%)

95%

CI

Dirofilaria immitis Antigen 32 34 24, 43

Wolbachia pipiens PCR 21 22 14, 30

Mycoplasma haemocanis PCR 1 1 �1, 3
Bartonella henselae PCR 1 1 �1, 3
Bartonella clarridgeae PCR 8 8 3, 14

Bartonella elizabethae PCR 4 4 0, 8

Ehrlichia/Anaplasma/

Neorickettsia spp.

PCR 1 1 �1, 3

Ehrlichia canis Antibody 0 0 NA

Borrelia burgdorferi Antibody 0 0 NA

Leishmania donovani Antibody 4 4 0, 8

Leptospira interrogans Antibody 0 0 NA

Trypanosoma cruzi Antibody 0 0 NA

Babesia spp. Antibody 0 0 NA

Canine distemper virus Antibody 21 22 14, 30

Canine adenovirus-1 Antibody 64 67 58, 77

Canine adenovirus-2 Antibody 63 66 57, 76

Canine parainfluenza

virus

Antibody 95 100 96, 100

Canine parvovirus Antibody 95 100 96, 100

Canine enteric

coronavirus

Antibody 0 0 NA

CI, confidence interval; NA, not applicable.

Table 2. Results of testing for infectious diseases in 52
cats from Isabela Island, Galapagos.

Infectious Agent Assay

No. of

Positive

Prevalence

(%)

95%

CI

Dirofilaria immitis Antigen 0 0 NA

D. immitis Antibody 1 2 �2, 6
Wolbachia pipiens PCR 0 0 NA

Ehrlichia/Anaplasma/

Neorickettsia spp.

PCR 0 0 NA

Wolbachia pipiens PCR 0 0 NA

Mycoplasma haemofelis PCR 1 2 �2, 6
Mycoplasma

haemominutum

PCR 0 0 NA

Bartonella henselae PCR 18 35 22, 48

Bartonella clarridgeae PCR 13 25 13, 37

Bartonella elizabethae PCR 0 0 NA

Bartonella spp. Antibody 39 75 63, 87

Hemoparasites Microscopy 0 0 NA

Toxoplasma gondii IgM antibody 8 15 6, 25

T. gondii IgG antibody 32 62 48, 75

Feline leukemia virus Antigen 0 0 NA

Feline immunodeficiency

virus

Antibody 0 0 NA

Feline panleukopenia

virus

Antibody 35 67 55, 80

Feline calicivirus Antibody 23 44 31, 58

Feline herpes virus Antibody 5 10 2, 18

Feline coronavirus Antibody 0 0 NA

CI, confidence interval; NA, not applicable.
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or collection of paired acute and convalescent serum
samples for seroconversion was not possible. Because
most of the dogs and cats presented for neutering ap-
peared healthy and vaccination is prohibited, the high
parvovirus antibody prevalence suggests that these ani-
mals were either subclinically infected or had recovered
from infection at the time of testing. Parvoviruses are not
known to affect the native species found in the Galapa-
gos, but these viruses undergo rapid evolution and have
occasionally increased their host range to new species, as
evidenced by the jump from cats to dogs in the late
1970s.13,14

Distemper outbreaks have occasionally occurred in the
Galapagos. One outbreak in 2001 originated on the is-
land of Santa Cruz and killed more than 300 dogs.2,12 A
month later, dogs began to die of distemper on Isabela.
Approximately 300 dogs died in the Isabela outbreak,
leaving only 5 or 6 dogs remaining in Puerto Villamil and
approximately 30 dogs on the highland farms or as
strays. On both islands, the source of the infection was
believed to be illegally introduced dogs. Authorities re-
sponded to the outbreak by quarantining healthy dogs
indoors, culling sick dogs, and burning carcasses. Hu-
mans traveling from the mainland and between islands
were treated with disinfectant in an attempt to prevent
reintroductions of the virus. A door-to-door census con-
ducted on Isabela 15 months after the 2001 distemper
outbreak revealed that the dog population had rebound-
ed to 197.2,12 At the time of the neutering campaign in
May 2004, a small portion of the dogs had CDV anti-
bodies, but the antibody titers were low compared with
those usually observed in vaccinated dogs or dogs recov-
ering from infection. The presence of antibodies may be
because of decreased specificity of the assay when using
plasma (versus serum), because of cross-reactivity with a
related virus, or because of previous exposure to CDV.
The small number of antibody-positive dogs, coupled
with low antibody titers and prohibition of vaccination,
suggests that most of the canine population on Isabela
Island is susceptible to distemper and a new epidemic
could occur. The rapid recovery of the canine population
so soon after its decimation by distemper illustrates
the difficulty of controlling invasive species in the
absence of ongoing programs. A similar phenomenon
occurred after an eradication program on Isabela in 1981
in which the dog population was reduced from an
estimated 300–500 members to o100 by means of poi-
soning.5 After the initial precipitous decline of the
population because of the culling, it recovered to its orig-
inal baseline by the 2001 distemper outbreak, after which
it again recovered by the time of the neutering campaign
in 2004.
Dogs and cats that live outdoors in tropical climates

are at increased risk for diseases transmitted by biting in-
sects. Although many species may be incidentally
infected with D. immitis, canids are considered to be the
true natural reservoir. One third of the dogs in the cur-
rent study were infected with D. immitis, indicating that
this parasite is endemic in the dog population of Isabela
and that the local mosquito population is capable of
transmitting infective larvae. Of the heartworm-infected

dogs, two thirds also had evidence of exposure to
W. pipiens, an endosymbiont found in a variety of
human and animal filarial parasites and now believed to
play an important role in the pathology of filarial diseas-
es.15,16 Although it is believed that 100% of heartworms
carry W. pipiens, it was not detected in all heartworm-
infected dogs. This may be because of the use of serum
rather than whole blood in the PCR assay, because mi-
crofilaria, a rich source of W. pipiens, are not present in
serum. Detection of W. pipiens in the circulation is most
common during heartworm larval molting and at the
time of heartworm death. In addition to the dogs, 1 cat
had evidence of exposure to D. immitis. A study in the
early 1980s made reference to finding D. immitis in dogs
on Isabela, but the prevalence of infection was not re-
ported.5 This same study reported that 77% of dogs on
Floreana Island had D. immitis microfilaria and 18% of
cats had serum antibodies against D. immitis. To the au-
thors’ knowledge, there are no other reports on the
prevalence of D. immitis infection in dogs and cats in the
Galapagos or mainland Ecuador. Only a few of the 13
South American countries have reported heartworm in-
fections in dogs, including Peru, Colombia, and Brazil,
and the prevalence ranges from 2% in Brazil to 5% in
Colombia.17 Feline heartworm infection is seldom re-
ported in South America but has been documented in
Brazil.17

Infection with Borrelia spp., Babesia spp., and the Eh-
rlichia/Anaplasma spp. group of tick-transmitted diseases
is endemic in South American dogs. Ehrlichia canis,
B. canis, and B. burgdorferi infections have been identi-
fied in dogs in Argentina, Brazil, Chile, and
Venezuela,18–22 whereas infections with A. platys and
Anaplasma phagocytophilum have been reported in dogs
in Venezuela.21,23 In Brazil, the seroprevalence for E.
canis in dogs is 23–30%,18,20 and 36–67% for B. can-
is.20,24 Of the dogs and cats in the Galapagos tested for
exposure to these tick-borne diseases, only 1 dog was
found to be infected with A. platys. There are no pub-
lished reports on the presence of ixodid ticks infected
with Borrelia or Ehrlichia/Anaplasma/Babesia organisms
in the Galapagos, and it is unknown whether this dog
was initially exposed to infected ticks on Isabela Island or
outside of the Galapagos.

Some vector-borne pathogens that infect dogs and cats
also infect humans. Thus, infected dogs and cats can
serve as reservoirs for maintenance of the pathogen in the
vector population and as sentinels for the threat of infec-
tion of humans. Leishmania spp. are obligate intracellular
protozoon parasites transmitted by infected phleboto-
mine sandflies and other biting insects. Infected dogs
play a role in transmission of leishmaniasis to humans by
serving as sources of infection for the biting insects.25 In
South America, canine leishmaniasis is endemic with
increasing prevalence. The seroprevalence for leish-
maniasis in dogs ranges from 21 to 67% in Brazil26–28

and from 8 to 45% in Peru.29 Most infected dogs are
asymptomatic. Canine leishmaniasis is important be-
cause infection precedes the occurrence of human cases,
and the risk for human infections has been correlated
with the prevalence in dogs.29 In an effort to decrease the
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potential for human infections, seropositive dogs identi-
fied by periodic serosurveys have been culled to decrease
the reservoir for infection of biting insects.30 The elimi-
nation of infected dogs is supported by the World Health
Organization. Four of the dogs on Isabela Island were
seropositive for L. infantum antibodies, suggesting the
presence of infected biting insects in the Galapagos and
the threat for human infection.
Vector-borne pathogens with zoonotic potential were

also observed in both dogs and cats in the Galapagos.
Three different species of Bartonella were identified in
dogs, whereas cats carried 2 species. These agents are of-
ten transmitted by fleas, which are common in the
Galapagos. The prevalence rates of B. henselae and
B. clarridgeaie infections are similar to those of high flea
risk areas in the United States.31,32 Among the Bartonella
spp. observed, only cats infected with B. henselae are
considered to have significant zoonotic risk to immune-
competent humans (cat scratch disease).33–35

Nonvector-borne infections in dogs and cats with zoo-
notic potential include toxoplasmosis and leptospirosis.
A majority of cats had evidence of exposure to T. gondii.
This infection is acquired by cats from eating infected
prey, from being fed undercooked contaminated meat,
transplacentally, or by ingestion of sporulated oo-
cysts.36–38 T. gondii has an extremely broad host range
and can be spread to humans and animals by ingestion of
contaminated cat feces, undercooked meat, or infected
cats. Toxoplasmosis poses a significant threat to the
health of unborn children if the mother is first exposed
during pregnancy. Toxoplasmosis has also been associ-
ated with disease outbreaks in a number of wildlife
species, recently among otters in the coastal waters of
California.39 The prevalence rate for T. gondii in the Ga-
lapagos cats is similar to that in cats in other
countries.32,40,41 Canine leptospirosis is endemic in
South America, where the seroprevalence ranges from
11 to 41% in dogs.42,43 Infected dogs serve as reservoirs
for infection of humans and wildlife species such as
sea lions. None of the dogs on Isabela Island was
seropositive for L. interrogans serovars canicola, icter-
ohemorrhagiae, and grippotyphosa, which are the
most commonly reported serovars in South American
dogs.42,43

In conclusion, despite their seclusion from the rest of
the world, the cats and dogs of Isabela are exposed to
many of the same pathogens found in South America
and worldwide. This is most likely owing to persistence
of endemic infections that were present before the strict
control of interisland animal movements. Infections may
also be introduced by the illegal smuggling of infected
animals or by the adventitious contamination of people
and supplies arriving by air or boat. Some of the infec-
tions posed a risk to humans or to native wildlife, but
most were specific to dogs and cats. Because of the rela-
tively small number of samples used in this study,
particularly from cats, failure to identify specific
pathogens should not be interpreted as evidence against
their presence. Routine use of parasite prophylaxis,
neutering, and strict enforcement of animal movement
restrictions would control many of the diseases. However,

in the absence of a vaccination program, a reservoir of
susceptible animals remains vulnerable to new disease in-
troductions.

Footnotes

aAnimal Balance, San Francisco, CA
b SNAP 3DX, IDEXX Laboratories, Westbrook, ME
cAnimal Health Diagnostic Center, College of VeterinaryMedicine,

Cornell University, Ithaca, NY
dKissimmee Animal Diagnostic Laboratory, Kissimmee, FL
eVector Borne Diseases Diagnostic Laboratory, College of

VeterinaryMedicine, North Carolina State University, Raleigh, NC
fEndocrinology/Specialized Infectious Diseases Laboratory,

Colorado State University, Fort Collins, CO
gHeska Veterinary Diagnostic Laboratories, Fort Collins, CO
h SNAPCombo FeLV antigen/FIV antibody, IDEXXLaboratories
i Epi Info 2002 Revision 1, Centers for Disease Control, Atlanta,

GA

References

1. Kaiser J. Galapagos takes aim at alien invaders. Science

2001;293:590–592.

2. Jagt M, Osinga N, Velasquez M, et al. Domestic dog census

on Floreana and Isabela, Galapagos Islands. Unpublished report

for the Galapagos National Park, 2002. 1–18.

3. Guo J. The Galapagos islands kiss their goat problem good-

bye. Science 2006;313:1567.

4. Barnett BD. Chemical vasectomy of domestic dogs in the

Galapagos islands. Theriogenology 1985;23:499–509.

5. Barnett BD. Dogs of the Galapagos Islands: Evolution, Ecol-

ogy, Impact, and Control. Davis: University of California; 1985

Unpublished Thesis, 1–85.

6. Kruuk H, Snell H. Prey selection by feral dogs from a popu-

lation of marine iguanas (Amblyrhynchus cristatus). J Appl Ecol

1981;18:197–204.

7. KonecnyMJ. Food habits and energetics of feral house cats in

the Galapagos islands. Oikos 1987;50:24–32.

8. Lappin MR, Andrews J, Simpson D, et al. Use of serologic

tests to predict resistance to feline herpesvirus 1, feline calicivirus,

and feline parvovirus infection in cats. J Am Vet Med Assoc

2002;220:38–42.

9. Di Guardo G, Marruchella G, Agrimi U, et al. Morbillivirus

infections in aquatic mammals: A brief overview. J Vet Med A

Physiol Pathol Clin Med 2005;52:88–93.

10. Osterhaus A. Catastrophes after crossing species barriers.

Philos Trans R Soc Lond B Biol Sci 2001;356:791–793.

11. Ferris NP, Oxtoby JM. An enzyme-linked immunosorbent

assay for the detection of marine caliciviruses. Vet Microbiol

1994;42:229–238.

12. Charles Darwin Research Station. Available at: www.

darwinfoundation.org/news. Accessed January 1, 2007.

13. Steinel A, Parrish CR, Bloom ME, et al. Parvovirus infec-

tions in wild carnivores. J Wildl Dis 2001;37:594–607.

14. Shackelton LA, Parrish CR, Truyen U, et al. High rate of

viral evolution associated with the emergence of carnivore parvovi-

rus. Proc Natl Acad Sci USA 2005;102:379–384.

15. Kramer L, Simon F, Tamarozzi F, et al. Is Wolbachia com-

plicating the pathological effects of Dirofilaria immitis infections?

Vet Parasitol 2005;133:133–136.

16. Kramer LH, Tamarozzi F, Morchon R, et al. Immune

response to and tissue localization of the Wolbachia surface protein

64 Levy et al



(WSP) in dogs with natural heartworm (Dirofilaria immitis) infec-

tion. Vet Immunol Immunopathol 2005;106:303–308.

17. Labarthe N, Guerrero J. Epidemiology of heartworm: What

is happening in South America and Mexico? Vet Parasitol

2005;133:149–156.

18. Labarthe N, de Campos Periera MC, Barbarini O, et al.

Prevalence of Dirofilaria immitis, Ehrlichia canis, and Borrelia -

burgdorferi infections in Brazil. Vet Therapeutics 2003;4:

67–75.

19. Labruna MB, McBride JW, Camargo LMA, et al. A prelim-

inary investigation of Ehrlichia species in ticks, humans, dogs, and

capybaras from Brazil. Vet Parasitol 2007;143:189–195.

20. Trapp SM, Dagnone AS, Vidotto O, et al. Seroepidemiology

of canine babesiosis and ehrlichiosis in a hospital population. Vet

Parasitol 2006;140:223–230.

21. Suksawat L, Pitulle C, Arraga-Alvarado C, et al. Coinfection

with three Ehrlichia species in dogs from Thailand and Venezuela

with emphasis on consideration of 16S ribosomal DNA secondary

structure. J Clin Microbiol 2001;39:90–93.

22. Joppert AM, Hagiwara MK, Yoshinari NH. Borrelia burg-

dorferi antibodies in dogs from Cotia County, San Paulo State,

Brazil. Rev Inst Med Trop Sao Paulo 2001;43:251–255.

23. Arraga-Alvarado C, Palmar M, Parra O, et al. Ehrlichia

platys (Anaplasma platys) in dogs from Maracaibo, Venezuela: An

ultrastructural study of experimental and natural infections. Vet

Pathol 2003;40:149–156.

24. Dantas-Torres F, Figueredo LA. Canine babesiosis: A Bra-

zilian perspective. Vet Parasitol 2006;141:197–203.

25. Alvar J, Canavate C, Molina R, et al. Canine leishmaniasis.

Adv Parasitol 2004;57:1–88.

26. Paranhos-Silva M, Freitas LA, Santos WC, et al. A cross-

sectional serodiagnostic survey of canine leishmaniasis due to Leish-

mania chagasi. Am J Trop Med Hyg 1996;55:39–44.

27. Dantas-Torres F, de Brito MEF, Brandao-Filho SP. Seroep-

idemiological survey on canine leishmaniasis among dogs from an

urban area of Brazil. Vet Parasitol 2006;140:54–60.

28. Guimaraes KS, Batista ZS, Dias EL, et al. Canine visceral

leishmaniasis in Sao Jose de Ribamar, Maranhao State, Brazil. Vet

Parasitol 2005;131:305–309.

29. Reithinger R, Canales-Espinoza J, Llanos-Cuentas A, et al.

Domestic dog ownership: A risk factor for human infection with

Leishmania (Vianna) species. Trans R Soc Trop Med Hyg

2003;97:141–145.

30. Palatinik-de-Sousa CB, dos Santos WR, Franca-Silva JC,

et al. Impact of canine control on the epidemiology of canine and

human visceral leishmaniasis in Brazil. Am J Trop Med Hyg 2001;

65:510–517.

31. Guptill L, Wu CC, HogenEsch H, et al. Prevalence, risk fac-

tors, and genetic diversity of Bartonella henselae infections in pet

cats in four regions of the United States. J Clin Microbiol

2004;42:652–659.

32. Nutter FB, Dubey JP, Levine JF, et al. Seroprevalences of

antibodies against Bartonella henselae and Toxoplasma gondii and

fecal shedding of Cryptosporidium spp., Giardia spp., and Toxocara

cati in feral and domestic cats. J Am VetMed Assoc 2004;235:1394–

1398.

33. Brunt J, Guptill L, Kordick DL, et al. Association of Feline

Practitioners 2006 Panel report on diagnosis, treatment, and pre-

vention of Bartonella spp. infections. J Feline Med Surg 2006;8:

213–226.

34. Chomel BB, Boulouis HJ,Maruyama S, et al. Bartonella spp.

in pets and effect on human health. Emerg Infect Dis 2006;12:

389–394.

35. Boulouis HJ, Chang CC, Henn JB, et al. Factors associated

with the rapid emergence of zoonotic Bartonella infections. Vet Res

2005;36:383–410.

36. Dubey JP, Graham DH, De Young RW, et al. Molecular

and biologic characteristics of Toxoplasma gondii isolates from

wildlife in the United States. J Parasitol 2004;90:67–71.

37. Sukthana Y. Toxoplasmosis: Beyond animals to humans.

Trends Parasitol 2006;22:137–142.

38. Hill DE, Chirukandoth S, Dubey JP. Biology and epidemio-

logy of Toxoplasma gondii in man and animals. Anim Health Res

Rev 2005;6:41–61.

39. Conrad PA, Miller MA, Kreuder C, et al. Transmission of

Toxoplasma: Clues from the study of sea otters as sentinels of To-

xoplasma gondii flow into the marine environment. Int J Parasitol

2005;35:1155–1168.

40. Vollaire MR, Radecki SV, Lappin MR. Seroprevalence of

Toxoplasma gondii antibodies in clinically ill cats of the United

States. Am J Vet Res 2005;66:874–877.

41. Luria BJ, Levy JK, Lappin MR, et al. Prevalence of infec-

tious diseases in feral cats in northern Florida. J Fel Med Surg

2004;6:287–296.

42. Rodriguez AL, Ferro BE, Varona MX, et al. Exposure

to Leptospira in stray dogs in the city of Cali. Biomedica 2004;24:

291–295.

43. Blazius RD, Romao PR, Blazius EM, et al. Occurrence of

Leptospira spp. in seropositive stray dogs in Itapema, Santa Cat-

arina, Brazil. Cad Saude Publica 2005;21:1952–1956.

65Galapagos Infectious Diseases


