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INTRODUCTION

Franciscanas Pontoporia blainvillei are small dolphins
endemic to the shallow coastal and estuarine waters
of the Atlantic coast of South America, from southeastern
Brazil to Uruguay and northern Argentina (Secchi et
al. 2002). This species is considered as endangered
by Brazilian authorities and vulnerable by the IUCN
(MMA 2003, Reeves et al. 2008); its main threat is related
to incidental mortality in gillnet fisheries (Crespo et
al. 1997, Bertozzi & Zerbini 2002, Reeves et al. 2008).
Recent studies have suggested that franciscana stocks
may be divided into 4 proposed Franciscana Manage-
ment Areas (FMAs) with the following ranges: FMA I –
coastal waters of Espírito Santo and Rio de Janeiro states,
Brazil; FMA II – São Paulo, Paraná and Santa Catarina
states, Brazil; FMA III – coastal waters of Rio Grande do
Sul State, southern Brazil and Uruguay; and FMA IV –
coastal waters of Argentina, including the provinces
of Buenos Aires, Rio Negro and Chubut (Secchi et al.
2002, 2003). Besides drowning and trauma from entan-

glement in fishing nets, parasitic and other infectious
lung diseases are known to be major mortality causes of
odontocetes (Kirkwood et al. 1997, Jauniaux et al. 2002,
Marigo et al. 2002).

Lung cholesterol deposits associated with chronic
pneumonias are generally infrequent lesions with cha-
racteristic morphologic features (Sadé et al. 1980, Sadé
& Teitz 1983, Jones et al. 1996, Caswell & Williams
2007). As described in humans, cholesterol clefts are
often found as sequelae to necrosis in any tissue, deriv-
ing from the aggregation of cholesterol and other lipids
from cell membranes (Fisher & Beyer 1959, Jones et al.
1996, Caswell & Williams 2007). Haemorrhage has
been traditionally implicated in the pathogenesis of
these lesions (Jones et al. 1996, Fischer et al. 2000), and
it is also believed that local muco-inflammatory secre-
tions, such as lung surfactants, also have an important
role as a source of cholesterol deposition (Sadé & Teitz
1983, Nolan et al. 1999). Hypoventilation has also been
strongly proposed to be an important factor in the
pathogenesis of cholesterol granulomas (Sadé et al.
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1980, Sadé & Teitz 1983, Terao et al. 2001, Leon et
al. 2002), and hypercholesterolemia could also be
involved (Sullivan et al. 1961). Alveolar proteinosis
secondary to irritant gases, drug-induced excessive
production of surfactant, accidental or gastric reflux-
derived oil inhalation, altered immunity or locally
produced toxic agents, partial obstruction of airways,
pulmonary hypertension or embolism from arthero-
sclerothic plaques are all known to cause lung choles-
terol granulomatous pneumonia in humans (Sullivan et
al. 1961, Hruban 1984, Gondouin et al. 1996, Sabatine
et al. 1997, Nolan et al. 1999, Caswell & Williams 2007,
Moldveen-Geronimus & Merriam 2009). In odonto-
cetes, these lesions were observed on the cerebellum
of a common dolphin Delphinus delphis reacting to the
presence of trematode eggs (Howard et al. 1983a). In
this study, we report the finding of such cholesterol-
associated lesions in the lungs of stranded and inci-
dentally bycaught franciscanas, as identified during
routine pathologic examinations.

MATERIALS AND METHODS

From 1996 to 2002 a total of 107 franciscanas were
found stranded on beaches or were incidentally cap-
tured by fishing nets in Argentina and Brazil (Fig. 1),

60 of which (36 male, 23 female, 1 undetermined gen-
der) were found in sufficiently well-preserved condi-
tion to allow necropsy and subsequent histological
examination, all within the period of 1998–2001.
Within 24 to 48 h of death, the carcasses were necrop-
sied and sampled by the technical staff of local institu-
tions or by the authors, following procedures recom-
mended by Rommel & Lowenstine (2001). Age group
was determined based on body length (flattened chord
along the body; juveniles < 125 cm, adults > 125 cm)
and/or according to the institution’s report. Each insti-
tution reported the context in which each carcass was
received, and these were classified into 3 categories:
bycatch (n = 54), stranding (n = 4) and rehabilitation
(live strandings taken into rehabilitation centres but
perished shortly thereafter; n = 2).

Carcasses were examined and major organs and
tissues were fixed in 10% buffered formalin and embed-
ded in paraffin. Sections of 5 µm were obtained, stained
with haematoxylin & eosin and examined under light mi-
croscopy; in selected cases, additional histochemical
stains were also used to evidence particular elements
(Luna 1992). Swabs from tissues with suspected bacterial
infections (as indicated by gross findings) were trans-
ferred to Stuart’s transport medium (or hemoculture
medium, for cardiac blood) and immediately refrigerated,
then submitted to routine aerobic bacterial (blood
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Fig. 1. Geographic distribution of Franciscana Management Areas, study institutions and specimens of franciscana Pontoporia
blainvillei presenting with chronic pneumonia associated with cholesterol deposits (CPC)
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agar and MacConkey plates, 37°C for 7 d) and fungal
cultures; cultures were characterized through biochem-
ical (Biochemical Identification API System, Biomerieux)
or morphological methods (Barnett & Hunter 1998). Body
weight or its natural logarithm did not present a normal
distribution (Anderson-Darling test), and was compared
among groups with the Mann-Whitney test. Comparisons
on the incidence of lesions among groups were per-
formed by arranging data in contingency tables and test-
ing with the chi-square test (or with Fisher’s exact test
when the chi-square’s pre-requisites were not met). Sig-
nificance level was 0.05 for all tests.

RESULTS

Ten of the 60 histopathologically examined francis-
canas (16.7%) had chronic pneumonia associated with
cholesterol deposits (CPC) (Fig. 1); lesions associated
with cholesterol were not found in other tissues of any
studied animals.

At gross examination, the lungs presented multi-
focal coalescent areas with diameters of 1 to 10 mm;
these areas were pale yellow and homogeneous in
appearance, with firm consistency. These lesions were
predominantly distributed in multifocal patches along
the peripheral edges of both lungs, affecting relatively
small areas of the lungs (<10% of lung parenchyma,
V. Ruppolo pers. obs.). Lesions were typically visible
on the pleural surface, but could also be found deeper
within the lung parenchyma. In some cases fibrinous

pleuritis was present at the pleura surrounding the
lesions. Histopathological examination revealed these
lesions presented as multifocal areas with numerous
cholesterol clefts surrounded by multinucleated giant
cells (both Langhans and foreign body types were
present with variable proportions in each case) and
abundant foamy macrophages (Fig. 2). Granulocytic
infiltrates, fibrin, fibroplasia, epithelioid cells, alveolar
fetalization and epithelial shedding were present to
different degrees among cases; some cases presented
characteristic granulomas, while others presented as
predominantly chronic mononuclear cell infiltration,
without a granulomatous pattern, along with active
granulocytic involvement. In at least one case the
areas of cholesterol granulomatous pneumonia pre-
sented multifocal granulocytic infiltration associated
with rare bacterial rods, suggesting these lesions may
provide favourable environment for secondary bac-
terial infections.

The incidence of these lesions was not significantly
different among genders (male, female), age groups
(neonate, juvenile, adult) or contexts of death (bycatch,
stranding, rehabilitation) (Fisher’s exact test, all p >
0.05). On the other hand, animals from the Brazilian
state of São Paulo (FMA II) presented a higher inci-
dence (4/10) than those from Rio Grande do Sul state
(FMA III; 5/45) (Fisher’s exact test, p = 0.047; animals
from Argentina were not included in the comparisons
due to small sample size). Body weight of adults
(Mann-Whitney test, U = 27, p = 0.211) or juveniles
(W = 96.5, p = 0.423) did not significantly differ based
on presentation of CPC.

No lung parasites were found in the studied francis-
canas. Intestinal parasites were found and details are
reported elsewhere (Marigo et al. 2002). Table 1 sum-
marizes the pathological findings on the individuals
with CPC. Pneumonia unassociated with cholesterol
deposits occurred concurrently in 20% of the animals
with CPC (2/10), and was present in 18% of the
remaining animals (9/50) (Fisher’s exact test, p =
0.668). Fifty percent of the animals with these lesions
(5/10) presented reactive splenic lymphoid hyperpla-
sia, whereas this finding was present in only 16% of
the remaining animals (8/50) (Fisher’s exact test, p =
0.031); reactive lymphoid hyperplasia was determined
qualitatively by 2 independent observers, and was
characterized as the expansion of lymphocytic popula-
tions with confluence of periarteriolar lymphoid
sheaths (or lymphoid follicles, in the case of lymph
nodes) and the presence of pronounced germinal cen-
ters. On the other hand, about 40% of the animals both
with and without CPC (4/10 and 21/50, respectively)
had liver congestion (chi-square test, χ2 = 0.014, df = 1,
p = 0.907). Moderate to severe lung congestion and
oedema were common findings in virtually all by-
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Fig. 2. Pontoporia blainvillei. Histopathologic appearance of
lungs from P. blainvillei (CEEMAM 111; see Table 1). Chronic
pneumonia associated with cholesterol deposits; note the
presence of abundant cholesterol clefts (black arrowheads),
foamy macrophages (white arrows) and giant cells (black

arrows). H&E stain, 200×
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caught animals, regardless of the presence (8/9) or
absence (41/45) of CPC (Fisher’s exact test, p > 0.990).
The only stranded animal with CPC had recent lesions
on the head compatible with gillnet interactions, and is
likely to have stranded as a consequence.

DISCUSSION

The unusual and relatively high incidence of chronic
pneumonia associated with cholesterol deposits with-
out an identified cause in the franciscanas studied is
surprising. The microscopic presentation of these

lesions was very similar to those described in choles-
terol-associated lesions in other mammals (Sullivan et
al. 1961, Sadé et al. 1980, Sadé & Teitz 1983, Jones et
al. 1996, Fischer et al. 2000, Caswell & Williams 2007).
Lung congestion and oedema were common findings
in all bycaught franciscanas, and these are the typical
findings in cetaceans asphyxiated in gillnets; drown-
ing in these species is always presented as a dry
obstructive asphyxiation once there is no agonic
inhalation of water (Lipscomb 1996, Gulland et al.
2001). This makes it difficult to determine which level
of congestion or oedema was present in association
with CPC before drowning.
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IPEC 055 – Male, juvenile, 11.7 kg. Bycatch, 31/1/1998. Cananéia, SP, Brazil.
Lungs: congestion, severe; oedema, severe; pneumonia, chronic, granulomatous by cholesterol crystals, multifocal, coales-
cent, moderate. Intestinal parasites: 13 Hadwenius pontoporiae.

MO-CA 176 – Male, adult, 26.7 kg. Bycatch, 25/6/1998. Rio Grande, RS, Brazil.
Lungs: congestion, severe; oedema, severe; pneumonia, chronic, granulomatous by cholesterol crystals, focal, moderate.
Liver: congestion, moderate; hepatitis, granulocytic, diffuse, associated with granulocytic leukocytosis, moderate. Lymph
nodes: reactive lymphoid hyperplasia, severe.

GEMARS 0531 – Female, adult, 25.5 kg. Bycatch, 11/7/1998. Porto Alegre, RS, Brazil.
Lungs: atelectasis, lobar, severe; congestion, severe; oedema, severe; haemorrhage, diffuse, severe; pneumonia, chronic,
granulomatous by cholesterol crystals, multifocal, coalescent, moderate.

MO-CA 194 – Female, juvenile, 29.5 kg. Bycatch, 18/8/1998. Rio Grande, RS, Brazil.
Lungs: pneumonia, chronic, granulomatous by cholesterol crystals, lobar, moderate; congestion, moderate; oedema, sub-
pleural, associated with aforementioned areas of granulomatous pneumonia; haemorrhage, diffuse, moderate. Liver: conges-
tion, moderate.

IPEC 119 – Male, juvenile, 15.5 kg. Bycatch, 15/12/1998. Cananéia, SP, Brazil.
Lungs: congestion, severe; oedema, severe; haemorrhage, multifocal, severe; pneumonia, chronic, granulomatous by choles-
terol crystals, multifocal, coalescent, moderate. Intestinal parasites: 84 Hadwenius pontoporiae.

ATLANTIS 132 – Female, adult, 19.2 kg. Stranding, 16/6/1999. Cananéia, SP, Brazil.
Lungs: pleuropneumonia, multifocal, moderate; congestion, moderate; oedema, moderate; pneumonia, chronic, granuloma-
tous by cholesterol crystals, multifocal, coalescent, moderate. Spleen: reactive lymphoid hyperplasia. Thoracic lymph nodes:
reactive lymphoid hyperplasia. Skin: recent traumatic lesions on the head, compatible with gillnet interaction.

MO-CA 205 – Male, juvenile, 21.4 kg. Bycatch, 6/11/1999. Rio Grande, RS, Brazil.
Lungs: congestion, moderate; oedema, moderate; pneumonia, chronic, granulomatous by cholesterol crystals, multifocal, coa-
lescent, moderate. Stomach: submucosa, pyogranuloma, focal, causal agent undetermined after Gram and PAS staining.
Spleen: reactive lymphoid hyperplasia.

MO-CA 208 – Male, adult, 27.8 kg. Bycatch, 29/11/1999. Rio Grande, RS, Brazil.
Lungs: congestion, severe; oedema, severe; haemorrhage, moderate–severe; pneumonia, chronic, granulomatous by choles-
terol crystals, multifocal, coalescent, moderate. Liver: congestion, moderate. Spleen: reactive lymphoid hyperplasia; lympho-
cytolysis, individual, multifocal.

CEEMAM 111 – Male, juvenile, 12 kg. Bycatch, 30/8/2000. Santos, SP, Brazil.
Lungs: pneumonia, associated with cholesterol crystals, multifocal, coalescent, moderate, with mononuclear infiltrate;
pneumonia, interstitial, acute, multifocal, moderate, with bacterial rods, associated to aforementioned areas of granulomatous
pneumonia; congestion, moderate; oedema, moderate; haemorrhage, diffuse, moderate. Spleen: reactive lymphoid hyper-
plasia.

BIOPESCA 31 – Male, juvenile, 8.2 kg. Bycatch, 14/5/2001. Praia Grande, SP, Brazil.
Lungs: pleuropneumonia, chronic, diffuse, moderate-severe; pneumonia, chronic, granulomatous by cholesterol crystals,
multifocal, coalescent, moderate. Liver: congestion, moderate; necrosis, focal, locally extensive, with exuberant ductal hyper-
plasia, fibrin deposits, minor fibroplasia; haemosiderosis, discrete. Spleen: reactive lymphoid hyperplasia. Lymph nodes: lym-
phadenitis, multiple sites, diffuse, moderate. Penis: balanitis, moderate; hematoma. Eye: opaque left crystalline. Intestinal
parasites: 9 Hadwenius pontoporiae. Bacterial cultures: cardiac blood (negative), thoracic cavity swab (negative), thoracic
cavity fluid (Micrococcus sp.), lungs (Staphylococcus sp. in 3 separate cultures). Fungal cultures: heart blood (negative), tho-
racic cavity swab (negative).

Table 1. Pontoporia blainvillei. Pathological findings of 10 franciscanas presenting with chronic pneumonia associated with
cholesterol deposits in the Southwest Atlantic, 1998–2001
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To our knowledge, the only report of cholesterol
clefts and granulomas in cetaceans was made by
Howard et al. (1983a), who reported those found in the
cerebellum of a common dolphin Delphinus delphis,
reacting to the presence of trematode eggs. There was
no evidence of lung parasitism in any of the examined
franciscanas. Cholesterol deposits could be signs of
lesions from past parasite infection; however, this is
unlikely in these cases considering there are no para-
sites known to occur in the lungs of franciscanas
(Marigo et al. 2002). On the coast of the Brazilian state
of Paraná, up to 88% of the sympatric marine tucuxi
dolphin Sotalia guianensis have pulmonary nematode
infections (Halocercus brasiliensis), and yet no choles-
terol-associated lung lesions were found in those spec-
imens (Marigo et al. 2010), suggesting pulmonary par-
asites may not play a significant role in inducing
cholesterol-associated lung lesions.

The relatively small portions of lung parenchyma
affected by these lesions in the studied animals sug-
gest that those were not major pathological conditions,
but most likely secondary necropsy findings. The
peripheral distribution of these lesions on the lung sug-
gests that this might have been due to local hypoventi-
lation from anatomical position, possibly associated
with secondary alveolar proteinosis from this chronic
anatomical hypoxic stress, but this has yet to be
confirmed.

Other probable causes may be considered. Chronic
exposure to volatile oil contaminants or other toxic
gases and vapours could explain the cholesterol pneu-
monia, since this can cause irritation of the lung
parenchyma, with necrosis, haemorrhage and aug-
mented surfactant secretion. There is intense naval
activity and a few large industrial cities along the
coasts of both FMA II and FMA III, which could be pos-
sible sources of chronic oil and toxic contamination for
the studied animals (Alonso 2008). Toxic gases and
vapours, depending on their water solubility and
intensity of lung irritation induced, would be expected
to be most absorbed in highly ventilated areas of pa-
renchyma or evenly throughout the lung parenchyma
(Haschek & Rousseaux 1998); however, the peripheral
distribution observed in the lesions argues against this
hypothesis as it suggests that areas of parenchyma
poorly ventilated due to their anatomical position were
most affected.

Another hypothesis is that pulmonary infectious
processes, inducing areas of lung consolidation and
atelectasis, could have caused the hypoxic microenvi-
ronment in which cholesterol pneumonias tend to
develop (Howard et al. 1983b). Two of the 10 CPC
cases studied (both from São Paulo state, Brazil) had
concomitant pleuropneumonic lesions (see Table 1),
and in one of these cases Staphylococcus sp. was iso-

lated from lung swabs; however, a similar frequency
of pneumonias unassociated with cholesterol deposits
was observed in the remaining animals. The finding
that splenic hyperplasia was more frequent in francis-
canas with CPCs may also be considered to support
the hypothesis of infectious involvement in these
lesions, suggesting that a chronic inflammatory
response may have concurred with the development
of the cholesterol lesions. Alonso (2008) and Souza
(2010) studied franciscanas at the São Paulo coast and
identified a possible influence of organochloride cont-
amination on splenic hypoplasia; toxicants may be an
additional factor modulating the immune response of
these animals, and might also affect the development
of cholesterol pneumonias. There is evidence that
marine mammals are subject to chronic organochlo-
rine contamination along the coast of Brazil in both
management areas, and it is possible but yet unclear
if differences in contamination along these areas
could be related to the studied lung lesions (Yogui et
al. 2003, Fillmann et al. 2007, Alonso 2008). Hyper-
cholesterolemia may also act as a predisposing factor
for the development of cholesterol deposits (Sullivan
et al. 1961); it has been shown in other dolphin spe-
cies that elevated plasma lipids may be associated
with gender (females > males), age (juveniles >
adults), seasonality, migration and pregnancy (Aubin
et al. 2001, Terasawa & Kitamura 2005, Fair et al.
2006). Chronic lung haemorrhage secondary to pul-
monary hypertension, coagulation disorders or expo-
sure to amphiphilic drugs were considered unlikely to
explain the lesions at the relatively high incidence
observed.

It is unclear if the studied franciscanas presented
such incidence of CPCs as a direct indication of a high
prevalence of these lesions in the general population,
or if those lesions are directly or indirectly associated
with the causes that led animals to become bycaught
or stranded. It is possible that species-specific anatom-
ical and physiological variations make these lesions a
relatively common finding in franciscanas without sig-
nificant health implications, but this cannot be
assumed without additional evidence. The finding that
these lesions were present at higher frequency in FMA
II than in FMA III suggests that species-specific varia-
tions may not provide a complete explanation and that
other environmental factors are likely to be involved.
Although the studied specimens date back to
1998–2001, franciscanas with compatible gross lesions
are still found frequently (C. Bertozzi pers. comm.).
Further studies are advised to detect if these lesions
are similarly frequent elsewhere and identify consis-
tent patterns and underlying causes, so their relevance
in terms of fitness and survival of franciscanas may be
clarified.
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