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INTRODUCTION

Lacaziosis is a chronic mycotic disease of the skin and
subcutaneous tissues that affects only dolphins and hu-
mans. It is caused by the yeast-like organism Lacazia
loboi, which is found abundantly within lesions
(Taborda et al. 1999) but has not yet been cultured. La-
caziosis is characterized by the appearance of cutaneous
nodules that grow slowly over many years in both spe-
cies (Rodriguez-Toro 1993, Reif et al. 2006). Lesions in
humans develop on the exposed areas of the body, par-
ticularly the extremities, face and ears (Fuchs et al. 1990,
Rodriguez-Toro 1993). Human lacaziosis is endemic in
rural areas of South and Central America among persons
with contact with water, soil and vegetation (Rodriguez-

Toro 1993) and has also occurred among persons who
have traveled to an endemic area (Elsayed et al. 2004).

Dermal lesions in bottlenose dolphins Tursiops trunca-
tus are similar to those described in humans but may be
more extensive, covering large areas of the body. Le-
sions are found on the dorsal and pectoral fins, the head,
fluke and caudal peduncle, where they form multiple ag-
gregations of firm, white raised nodules that may extend
>30 cm in the broadest dimension (Reif et al. 2006). Le-
sions may be associated with sites of apparent previous
trauma, such as shark bites (Murdoch et al. 2008). Many
dolphins with lacaziosis have significant impairment in
adaptive immunity, suggesting that the disease in dol-
phins may represent an opportunistic infection in an im-
mune-compromised host (Reif et al. 2008).
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prevalence of skin lesions compatible with lacaziosis estimated from photographic data was 2.1%
(6/284), approximately 3 times lower than that described for the estuarine population using similar
methods. To exclude potential bias introduced by differences in study duration and survey effort
among areas, an 18 mo period when effort was most equal (January 2006 to June 2007) was chosen
for statistical comparison. The prevalence of lacaziosis estimated from photographic data was signif-
icantly lower (3.8%: n = 6/160) in the Atlantic Ocean compared to the IRL (12.0%: n = 20/167) (risk
ratio = 3.19, 95% CI 1.32 to 7.75, p < 0.01 by chi-square analysis). The lower prevalence of lacaziosis
in dolphins found in the Atlantic Ocean and the overall lack of movement of dolphins between these
habitats suggests that environmental conditions within the estuary may favor viability of L. loboi,
and/or that immune compromise in resident estuarine dolphins is a precursor to the disease.
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Lacaziosis was first identified in dolphins along the
Gulf coast of Florida, USA (Migaki et al. 1971), in the
Indian River Lagoon, FL (Caldwell et al. 1975) and in a
dolphin from Marineland, FL (Woodard, 1972) in the
1970s. Cases were also reported from the Surinam
River estuary (De Vries & Laarman 1973), the Spanish–
French coast (Symmers 1983), the intracoastal water-
way in south Florida (Bossart 1984), the southern
Brazilian coast (Simõse-Lopes et al. 1993), and the
Texas coast of the Gulf of Mexico (Cowan 1993).

The Indian River Lagoon (IRL) is a unique coastal
ecosystem that extends 250 km along the east-central
coast of Florida. The IRL is connected to the Atlantic
Ocean via 5 inlets and the Canaveral Lock. Long-term,
year-round resident dolphins have been observed in
the estuary (Mazzoil et al. 2005), and at least 3 distinct
communities have been identified within the popula-
tion (Mazzoil et al. 2008). Recent research has pro-
vided evidence for distinct populations in both the IRL
Estuary and Atlantic Ocean population(s) (Mazzoil et
al. 2010).

Our previous studies have shown a high prevalence
of lacaziosis in resident dolphins from the Indian River
Lagoon Estuary, where the disease is endemic. Lacazio-
sis was described in single dolphin the IRL in 1984
(Bossart 1984) and in series of stranded dolphins in
which 3 of 17 (17.6%) had histopathologic evidence of
infection between 2001 and 2002 (Bossart et al. 2003).
In a cross-sectional study of 75 dolphins caught and re-
leased during a health assessment from 2003 to 2005,
the prevalence was 12.0% (Reif et al. 2006). In a retro-
spective analysis of 704 IRL dolphins assessed for pho-
tographic evidence of lesions indicative of lacaziosis,
the prevalence was 6.8% (Murdoch et al. 2008). Noke-
Durden et al. (2009) confirmed lacaziosis histologically
in 9% (3/33) of stranded dolphins in the northern IRL.

Recent reports have described confirmed or pre-
sumed lacaziosis (lacaziosis-like disease, LLD, based on
photographic assessment; Van Bressem et al. 2007) in
Delphinidae from coastal areas around the world in-
cluding Ecuador, Peru, and Columbia (Van Bressem et
al. 2007), Brazil (Van Bressem et al. 2007, 2009),
Venezuela (Bermudez et al. 2009), and Mayotte in the
Indian Ocean (Kiszka et al. 2009). With a single, notable
exception, all cases of lacaziosis reported in United
States waters up to this point have been in coastal or es-
tuarine bottlenose dolphins. Rotstein et al. (2009) re-
cently reported lacaziosis in 2 stranded offshore bot-
tlenose dolphins and LLD in one wild offshore
bottlenose dolphin off the coast of North Carolina, USA.
The possible presence of lacaziosis in this offshore eco-
type, which is generally found more than 7.5 km from
shore (Torres et al. 2003), at a significantly higher lati-
tude than previously described, suggests that the distri-
bution of the disease could be broader than previously

reported. Further exploration of the spatial patterns of
lacaziosis is needed to clarify the epidemiologic charac-
teristics of the disease and to explore potential environ-
mental exposures that may contribute to its occurrence.

We undertook the current investigation in order to
(1) document the prevalence of lacaziosis in dolphins
inhabiting the coastal Atlantic waters in Florida using
photographic methodology shown to have high sensitiv-
ity and specificity in our prior research; and (2) compare
the prevalence of lacaziosis in the Atlantic Ocean popu-
lation to the adjacent Indian River Lagoon population.

MATERIALS AND METHODS

Survey area. The Atlantic Ocean was surveyed from
27° 53’ N to 27° 08’ N (Fig. 1). The survey route pro-
vided visual access from the track to the beach (1.5 km)
and to at least 3 km offshore. The survey route encom-
passed 3 inlets, originating at Ft. Pierce Inlet and
extending 2 km north of Sebastian Inlet (45 km) or
2 km south of St. Lucie Inlet (35 km).

Photo-identification research and presumed laca-
ziosis assessment. Exploratory photographic surveys
were randomly conducted from Sebastian to St. Lucie
Inlets from October 2002 to October 2005, with one
survey reaching as far south as Jupiter Inlet. System-
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Fig. 1. Survey areas of the coastal Atlantic Ocean and Indian
River Lagoon, Florida, USA. Dashed line: survey route
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atic photographic surveys of dolphins were conducted
once monthly from February 2006 to August 2008.
Both ‘on’ and ‘off’ surveys were included in the analy-
ses, ‘on’ survey referring to time spent actively search-
ing for dolphins along the survey route and ‘off’ sur-
veying referring to time spent traveling to survey
destinations and returning to port.

Photo-identification methods have been described
previously (Mazzoil et al. 2004). We followed the clas-
sification scheme for identifying presumed evidence of
lacaziosis described by Murdoch et al. (2008). Briefly
stated, the analysis was limited to areas of body visible
during surfacing (e.g. the dorsal fin and dorsal areas of
the head and peduncle). All photographs were initially
reviewed by a single investigator (M. E. Murdoch), and
those with skin lesions compatible with lacaziosis were
reviewed independently by a second investigator (J. S.
Reif). Dolphins were classified as presumed lacaziosis
when both reviewers agreed on the assessment.

Population comparison. The estimated prevalences
of presumed lacaziosis in the Atlantic Ocean and IRL
were compared for the 18 mo period between January
2006 and June 2007, divided into 3 mo intervals. This
period was chosen since the survey effort was similar
between the 2 areas (once-monthly surveys of the
study area at each site). The analysis was further
restricted to the same latitudes in the 2 study areas
(27° 53’ N to 27° 08’ N).

Analysis. The incidence rate for each quarter and site
was calculated by dividing the newly identified pre-
sumed lacaziosis cases for the quarter by the number of
dolphins sighted during that quarter minus previously
identified cases. The cumulative prevalence of lacaziosis
for each quarter was calculated by dividing the number
of prevalent cases by the total number of known dol-
phins in the population. The numerator for each
quarterly prevalence rate included newly identified
cases as well as cases diagnosed previously. The denom-
inator for each prevalence rate included the total iden-
tified population by the end of the preceding quarter.
The overall prevalence rate was calculated by dividing
the total number of presumed cases by the total number
of identified dolphins for the entire study period. The
total prevalence for the 18 mo period was compared
between sites by calculating the risk ratio with its 95%
confidence interval. Statistical significance of the differ-
ence between sites was also compared with a chi-square
test, with p < 0.05 considered significant.

RESULTS

A total of 284 distinctly marked individuals were
identified in the Atlantic Ocean during 204 encounters
(‘on’ and ‘off’ survey) from 2002 to 2008. Six of the 284

(2.1%) distinct dolphins in the study area were found
to have lesions consistent with lacaziosis. This preva-
lence estimate is less than one-third of the correspond-
ing estimate for the entire IRL based on 704 distinct
dolphins sighted between 1996 and 2006 using similar
techniques. All Atlantic Ocean dolphins identified with
presumed lacaziosis were sighted between Ft. Pierce
Inlet and Sebastian Inlet; no cases occurred between
Ft. Pierce Inlet and St. Lucie Inlet (Fig. 1). All 6 cases
were sighted during the 18 mo time period from Janu-
ary 2006 to June 2010, when monthly surveys were
conducted in each area.

The first case of presumed lacaziosis seen in the
Atlantic Ocean occurred in 2004. Two of the 6 cases
were first identified in 2006 and the remaining 3 were
sighted in 2007. Of the 6 cases of presumed lacaziosis,
3 dolphins were seen only once in the study area, 2
dolphins were sighted twice, and 1 dolphin was
sighted 4 times.

During the 18 mo (January 2006 to June 2007) com-
parison period, 160 distinctly marked dolphins were
identified in the coastal Atlantic population. Of these
160 individuals, 6 presumed cases of lacaziosis were
seen, a prevalence of 3.8%. During the same time
period, 167 individuals were identified in the Indian
River Lagoon population with only 2 dolphins (a
cow/calf pair without presumed lacaziosis) observed in
both survey areas (Mazzoil et al. 2010). In the IRL, 20
dolphins exhibited evidence of presumed lacaziosis, a
prevalence of 12.0% (Table 1). The risk ratio was 3.19,
95% CI 1.32 to 7.75, p < 0.01 by chi square analysis.

As shown in Fig. 2, the incidence rate of lacaziosis in
the Atlantic Ocean population had little fluctuation
(0.65 to 2.2%) whereas the rate in the IRL population
decreased dramatically from 9.23 to 0.68% over 18 mo.
The prevalence of lacaziosis in the coastal Atlantic
population varied over time from a high of 4.17% to a
low of 1.4%. The prevalence in the Indian River
Lagoon population rose gradually from 9.23 to 11.98%.

DISCUSSION

Photographic evaluation has proven to be a useful
tool to monitor the course of individual and population
health for lacaziosis in the IRL population (Murdoch et
al. 2008). In our previous work, we showed that photo-
graphic assessment had a sensitivity of 75% and a
specificity of 100% (Murdoch et al. 2008). Although
false positive diagnoses of lacaziosis could arise by
confusion with other skin disorders such as necrotiz-
ing, hyperplastic dermatitis with invasive protozoa
(Bossart et al. 2003), we found no such instances in 12
cases of presumed lacaziosis after histological exami-
nation of tissues (Murdoch et al. 2008).
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Lacazia loboi has not been cultured in vitro and the
conditions for its environmental persistence are un-
known. The organism may have strict requirements for
temperature, salinity and other parameters to survive
in the marine environment. The conditions within the
southern area of the IRL estuary may favor viability of
L. loboi since it is characterized by freshwater incursion,
lower salinity, and higher average water temperatures
(MRC 2003). Fungal growth and persistence within the
estuary may also explain the significantly higher pre-
valence of lacaziosis (6.8 to 12.0%) in the IRL compared
to that for dolphins in the Atlantic Ocean (2.1%).

With the single, rare exception of lacaziosis in an
aquarium attendant, lacaziosis is not known to be trans-
mitted horizontally by dolphin to dolphin or dolphin to
human contact (Symmers 1983) under natural condi-
tions. However, a reported laboratory accident in which
human lacaziosis was acquired from experimentally in-
fected mice (Rosa et al. 2009) and successful serial pas-

sage of Lacazia loboi in mice by footpad injection (Be-
lone et al. 2002) support the concept of horizontal trans-
mission under highly unusual circumstances that could
include mother to calf transmission (Kiszka et al. 2009)
and accidental inoculation. The preponderance of evi-
dence suggests that the infection is acquired from the
local environment in both humans (Rodriguez-Toro
1998) and dolphins (Reif et al. 2006). Lacaziosis in At-
lantic Ocean dolphins could theoretically occur from
exposure to contaminated water filtered through inlets
connecting the 2 marine ecosystems, but the potential
for this source of exposure appears to be limited. Low
re-sighting frequencies of coastal ocean dolphins may
also suggest that environmental exposure to L. loboi is
occurring elsewhere along the Atlantic seaboard. Maz-
zoil et al. (2010) found minimal interaction between the
southern IRL estuary dolphins (Sebastian to St. Lucie
Inlets) and the coastal Atlantic population(s). This lack
of movement between coastal and estuarine habitats
suggests a low potential for disease transmission be-
tween the 2 populations.

Exposure to environmental chemicals such as mer-
cury (Noke-Durden et al. 2007, Stavros et al. 2007,
2008) may lead to immune compromise in the resident
IRL dolphins and account for the higher prevalence in
this population. Reports from other countries where
lacaziosis has been reported support the hypothesis
that environmental contamination may increase risk
for this fungal disease in dolphins (Van Bressem et al.
2007, 2009). Dolphin health assessments have not been
conducted along the Florida Atlantic east coast, so the
status of their immune system function remains uncer-
tain. Since lacaziosis appears to have a wider geo-
graphic distribution than previously assumed, it is nec-
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Quarter Identified New Quarterly Total Total Prevalence
and year dolphins lacaziosis incidence identified prevalent

(per quarter) cases rate dolphins cases

ATL
1–2006 50 1 2.00 50 1 2
2–2006 21 0 0.00 71 1 1.4
3–2006 33 2 6.25 93 3 3.23
4–2006 19 0 0.00 99 3 3.03
1–2007 33 2 6.67 120 5 4.17
2–2007 47 1 2.22 160 6 3.75

IRL
1–2006 130 12 9.23 130 12 9.23
2–2006 104 2 2.17 153 14 9.15
3–2006 87 2 2.74 157 16 10.19
4–2006 99 2 2.41 162 18 11.11
1–2007 120 1 0.98 164 19 11.59
2–2007 121 1 0.98 167 20 11.98

Table 1. Tursiops truncatus. Incidence and cumulative prevalence rates of presumed lacaziosis identified during photo-identi-
fication surveys of the coastal Atlantic Ocean (ATL) population and the Indian River Lagoon (IRL) population, Florida, USA, Jan-
uary 2006 to June 2007. Incidence calculated as: new lacaziosis cases/(no. of identified dolphins per quarter – previous cases). 

Prevalence calculated as total prevalent cases divided by total distinct dolphins

Fig. 2. Tursiops truncatus. Prevalence of lacaziosis in bot-
tlenose dolphins from the coastal Atlantic Ocean (ATL) and 

Indian River Lagoon (IRL), Florida, USA, populations
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essary to continue to monitor and study the disease as
it may extend its reach into other ecosystems.
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