
DISEASES OF AQUATIC ORGANISMS
Dis Aquat Org

Vol. 119: 163–172, 2016
doi: 10.3354/dao02972

Published May 3

INTRODUCTION

Coral reefs are very important for maintaining mar-
ine biodiversity. Approximately 25% of all marine
life in the oceans is found in coral reef ecosystems,
which account for only 0.1% of the ocean area (Burke
et al. 2011). Coral reefs are being threatened by
direct anthropogenic impacts as well as by the effects
of global climate change, which may result in a
reduction in the pH of seawater and rising water tem-
peratures (Hoegh-Guldberg & Bruno 2010, Burke et
al. 2011, Santos et al. 2014). Such stresses have al -

ready been linked to disease outbreaks in coral reef
ecosystems (Sutherland et al. 2004, Selig et al. 2006).

A number of studies have shown that corals de -
velop symbiotic relationships with microorganisms
such as endosymbiotic algae (zooxanthellae), bacte-
ria, archaea, and fungi (Falkowski et al. 1984,
Rohwer et al. 2002, Knowlton & Rohwer 2003, Reshef
et al. 2006). The phylum Cyanobacteria is a very
important and still poorly studied group in corals.
This group is usually found in great abundance in the
marine environment and may play an essential role
in keeping corals healthy as well as being patho-
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genic. For example, cyanobacteria can provide fixed
nitrogen and carbon to the coral through nitrogen
fixation and photosynthesis, respectively. This group
is also important in the calcification and decalcifica-
tion of corals (Charpy et al. 2012). Nonetheless, some
species of cyanobacteria have been reported to be
coral pathogens (Frias-Lopez et al. 2003, Gantar et al.
2011, Richardson et al. 2014).

Most coral diseases are believed to be caused by
pathogenic microorganisms. However, there is still
much to be learned about these pathogens, e.g.
whether the same pathogen may be involved in dif-
ferent diseases and in different coral species and
whether these pathogens occur on a regional or
global scale (Sutherland et al. 2004, Pollock et al.
2011). Some studies are showing increasing abun-
dance of cyanobacteria in coral reefs associated with
climate change, as temperature increases and pH de -
creases (Santos et al. 2014). Therefore, cyanobacteria
might have an even more important role in a climate
change scenario.

The South Atlantic Ocean shows a high level of
endemism among zooxanthellate stony corals (6 en -
demics of 18 recorded zooxanthellate species; Neves
et al. 2006). Most of the endemic species are the main
reef builders. Due to this high endemism, it is ex -
tremely important to verify and understand disease
outbreaks in Brazilian coral species, as few species
are responsible for most of the reef framework, and
the endemism of these species suggests that studies
in other areas are not necessarily applicable to this
scenario.

The colonial fire coral Millepora alcicornis (Cni -
daria, Hydrozoa, Milleporidae), an important compo-
nent of some coral reefs that may be abundant
around the world (Edmunds 1999, Castro et al. 2012),
is one of the most important and
abundant builders of shallow reefs in
Brazil. M. alcicornis is also widely dis-
tributed in the Western Atlantic, and
diseases in this group of corals should
be viewed with great concern. There-
fore, the aim of the current study was
to enhance our understanding of the
role of cyanobacteria in diseased M.
alcicornis specimens collected at the
Recife de Fora, Brazil (South Atlantic
Ocean), as well as to assess changes
in the profile of the bacterial and the
microeukaryotic communities to im -
prove our knowledge about the dyna -
mics between those changes and the
cyanobacterial profile.

MATERIALS AND METHODS

Sampling site

The Recife de Fora is located near the city of Porto
Seguro, Bahia, Brazil, between latitudes 16° 23’ 30”S
and 16° 25’ 06”S and longitudes 38° 58’ 30”W and
38° 59’18”W and is approximately 3.70 km offshore.
Recife de Fora covers an area of approximately
17.5 km2, and depths surrounding the reef can reach
almost 12 m.

Sample collection

Three samples (approximately 1 cm in size) were
collected from 3 regions of a Millepora alcicornis co -
lony, under different microenvironments (for a total
of 9 samples). From each affected coral, we sampled:
a healthy region (HR), a diseased (sick) region (SR),
and a post-disease skeleton region (PR; Fig. 1). In the
PR, the coral was dead, the tissue was not present,
and the skeleton was unhealthy and in the process of
degradation. Sampling of each region was performed
using a metallic piercer, and samples were frozen at
−20°C before transport to the laboratory. The coral
was collected (2−3 m water depth) in the Poço do
Taquaruçu (16°24’ 30”S, 38° 58’ 38”W) from the Re -
cife de Fora. The pieces of coral were stored at −80°C
until analysis.

DNA extraction

To assess the bacterial, cyanobacterial, and micro -
eukaryotic communities associated with the healthy
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Fig. 1. Macroscopic signs in diseased coral Millepora alcicornis. HR: healthy 
region; SR: sick (diseased) region; PR: post-disease region (skeleton)
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and diseased areas and also in post-disease skeleton
of M. alcicornis, 0.5 g of each dried sample was
macerated using a mortar and pestle. DNA extrac-
tion was performed using the ZR Soil Microbe DNA
Kit (Zymo Research) as described by Santos et al.
(2012). The DNA concentration was evaluated using
a Qubit fluorometer. The amount, average size, and
quality of the DNA were further assessed using con-
ventional electrophoresis in 0.8% agarose gels with
0.56 TBE buffer (45 mM Tris−borate, 1 mM EDTA,
pH 8.0).

PCR-DGGE

Cyanobacteria

The amplification of specific fragments of the gene
encoding the 16S ribosome subunit of cyanobacteria
was performed with nested PCR using the primers
CYA359F and 23S30R for the first amplification and
CYA359F and CYA809R-GC (Nübel et al. 1997,
Jung blut et al. 2005) for the second amplification.
The first amplification was performed in a solution
containing 1× PCR buffer, 0.2 mM dNTPs, 2.5 mM
MgCl2, 2.5 U recombinant Taq DNA polymerase
(Fer mentas), 200 µmol of each primer, 2 to 4 ng total
DNA, and sterile Milli-Q water to a final volume of
25 µl. The amplification conditions were as follows:
initial denaturation at 94°C for 5 min; 10 cycles at
94°C for 45 s, 54°C for 1 min, and 72°C for 1.5 min;
and a final extension at 72°C for 7 min. The second
amplification was performed in a solution containing
1× PCR buffer, 0.2 mM dNTPs, 2.5 mM MgCl2,
2.5 U re combinant Taq DNA polymerase (Fermen-
tas), 400 µmol of each primer, 2 µl of the first reaction
and sterile Milli-Q water to a final volume of 50 µl.
The amplification conditions were as follows: initial
de naturation at 94°C for 5 min; 30 cycles at 94°C for
20 s, 58°C for 30 s, and 72°C for 1 min; and a final
extension at 72°C for 5 min.

The DGGE gels for the cyanobacterial community
(40 to 65% urea and formamide) were prepared
with a solution of polyacrylamide (6%) in Tris-
acetate (pH 8.3). The run was performed in Tris-
acetate-EDTA buffer at 60°C at a constant voltage
of 75 V for 16 h. The DGGE gels were stained with
Sybr Green (Molecular Probes) and visualized using
a Storm 860 Imaging System (GE Healthcare). The
gel fragment containing the bands was removed
and the DNA was purified using a QIAquick PCR
Purification Kit (Qiagen) according to the manufac-
turer’s instructions.

Bacteria

The amplification of the bacterial 16S rRNA gene
was performed using the U968-GC and L1401 pri -
mers (Heuer & Smalla 1997). The amplification was
performed in a solution containing 1× PCR buffer,
0.2 mM dNTPs, 2.5 mM MgCl2, 2.5 U recombinant
Taq DNA polymerase (Fermentas), 200 µmol of each
primer, 2 to 4 ng of total DNA, and sterile Milli-Q
water to a final volume of 50 µl. The reaction was
 performed in a Mastercycler Gradient (Eppendorf)
under the following conditions: initial denaturation at
94°C for 3 min; 35 cycles at 94°C for 1 min, 55°C for
1 min, and 72°C for 1 min; and a final extension at
72°C for 10 min.

The DGGE gel (30 to 65% urea and formamide)
was prepared and run under the same conditions as
the DGGE gels for the cyanobacterial community.
The DGGE gel was stained with Sybr Green (Molec-
ular Probes) and visualized using a Storm 860 Imag-
ing System (GE Healthcare). The gel fragment con-
taining the bands was removed and the DNA was
purified using a QIAquick PCR Purification Kit (Qia-
gen) according to the manufacturer’s instructions.

Microeukaryotic community

To analyze the microeukaryotic community, the
specific amplification of the gene encoding the 18S
ribosome subunit in eukaryotes was performed using
the primers Ek7F-GC and EK516R (Díez et al. 2001,
Moon-van der Staay et al. 2001, Santos et al. 2010).
The amplification was performed in a solution
contain ing 1× PCR buffer, 0.4 mM dNTPs, 2.5 mM
MgCl2, 2.75 U recombinant Taq DNA polymerase
(Fermentas), 400 µmol of each primer, 2 to 4 ng total
DNA and sterile Milli-Q water to a final volume of
50 µl. The amplification conditions were as follows:
initial denaturation at 94°C for 30 s; 35 cycles at 94°C
for 30 s, 56°C for 45 s, and 72°C for 1.5 min; and a
final extension at 72°C for 7 min.

The DGGE gel for the microeukaryotic community
(40 to 65% urea and formamide) was prepared and
run under the same conditions as for the DGGE gels
of the bacterial and cyanobacterial communities.

Multivariate analysis of DGGE community fingerprints

The DGGE bands were identified, and the intensity
was automatically measured using BioNumerics
 software (Applied Maths) (3% minimum profiling),
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follo wed by visual inspection and manual correction
when ever necessary. The matrix containing the rela-
tive area of each band in different regions of the coral
samples was generated and used for a detrended cor-
relation analysis to determine the linear distribution
of the data (Andreote et al. 2009). Sample clustering
was then performed by principal component analysis
(PCA) using the matrices of the band intensities as
input for each of the analyzed samples (Dias et al.
2011). These analyses were perfor med using Canoco
software (Canoco 4.5, Biometris) (Ter Braak & Smi-
lauer 2002).

Sequence analysis

Chromatograms were trimmed and selected for
high-quality sequences at the Ribosomal Data Pro-
ject Pipeline. A quality of >20 using the Phred/Phrap
software was selected to constitute the final data sets.
Sequences were realigned and manually edited
using the ClustalW aligner from the MEGA 4.0 pro-
gram (Tamura et al. 2007). Phylogenetic trees were
constructed and edited using the MEGA 4.0 program
and the neighbor-joining me thod, the Jukes-Cantor
model (Jukes & Cantor 1969) option, and a bootstrap
value of 1000.

Nucleotide sequence accession numbers

The sequences generated by DGGE band excision
were deposited in GenBank under accession num-
bers KF377816−KF377823.

RESULTS

Field observations

Diseased Millepora alcicornis specimens showed
many semicircular darkened edges that represented
lesions. The lesion sizes varied between 1 and 7 cm,
presenting similarities to signs of black band disease
(BBD) (Richardson 2004), which has been associated
with a bacterial consortium (Cooney et al. 2002), and
microbial mats of filamentous cyanobacteria (Fig. 1).
The main similarity with these signs is the formation
of the black band around the diseased area, and its
ability to migrate across the surface of coral colonies.
Other similarities include the presence of cyanobac-
teria, sulfur bacteria, and photosynthetic and non-
photosynthetic bacteria forming a consortium in the

diseased region. The peculiarity of the disease report -
ed in this work is the presence of several forms of ap-
proximately circular lesions, with extensive degrada-
tion of the skeleton inside these lesions. Usually, BBD
causes only tissue death, leaving bare white skeleton.

DGGE

Cyanobacteria

The cyanobacterial community band profile showed
differences, especially when comparing diseased
areas to the other 2 regions (healthy and skeletal;
Fig. 2a). A larger number, and more intense, bands
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Fig. 2. (a) PCR-DGGE 16S rRNA gene fingerprints of dis-
eased coral Millepora alcicornis obtained using specific
primers for cyanobacteria and excised bands (Bands 1C, 2C,
3C, and 4C; where C = cyanobacteria). The arrows on the
DGGE gel indicate the bands that occur mainly in the dis-
eased region. (b) Score plot of the principal component
analysis (PCA) showing the difference among the DGGE
band profiles of cyanobacteria. Symbols: h, healthy region
(HR); d, diseased (sick) region (SR); and s, post-disease 

region (PR)
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were observed in the SR, as well as the higher diver-
sity and richness indices calculated from the PCR-
DGGE banding profiles (Table 1). The most intense
band (band 2C) and 2 other bands (1C and 3C) of the
SR exhibited significant similarity to uncultured
cyano bacteria of the genus GPI (Anabaena), previ-

ously described from a bleached Montastraea faveo-
lata sample (Sunagawa et al. 2009) (Fig. 3a). Only 1
band of the genus GPI (band 2C) was also observed
in the HR and in PR (Fig. 2a). However, only 1 band
was observed, and it had very low intensity. In the
PR, no bands were visualized. The sequence of band
4C, present only in the SR, exhibited high similarity
to another uncultured cyanobacterium previously de -
scribed in a stratigraphy hypersaline microbial mat
(Harris et al. 2013).

PCA analysis of the DGGE band profile showed 2
clusters, one with replicate samples from the SR and
the other with samples from the HR and PR (Fig. 2b).
The larger number and intensity of bands in the SR in
DGGE analysis, as well as in the PCA analysis, could
suggest a possible presence of cyanobacteria, espe-
cially genus GPI (Anabaena), in diseased coral Mille-
pora alcicornis.

Bacteria

The bacterial community profile, obtained by the
PCR/DGGE approach, showed differences in com-
munity structure among the 3 different regions. The
differences in the number of bands and band compo-
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Richness (S) H’ H’max Band no.

Cyanobacteria
Healthy 1.3 (0.5) 0.23 (0.4) 0.21 (0.3) 1.3 (0.5)
Diseased 11.6 (2.6) 2.49 (0.3) 2.43 (0.2) 12.3 (2.9)
Skeleton 0.0 (0.0) 0.00 (0.0) 0.00 (0.0) 0.0 (0.0)

Bacteria
Healthy 4.6 (1.7) 1.55 (0.4) 1.49 (0.4) 5.0 (2.0)
Diseased 11.0 (1.2) 2.45 (0.1) 2.40 (0.1) 11.6 (1.5)
Skeleton 18.4 (0.4) 2.96 (0.1) 2.91 (0.1) 19.3 (1.5)

Microeukaryotes
Healthy 10.4 (1.2) 2.39 (0.1) 2.34 (0.1) 11.0 (1.0)
Diseased 11.2 (4.0) 2.41 (0.4) 2.37 (0.4) 11.7 (4.1)
Skeleton 28.0 (0.4) 3.37 (0.0) 3.33 (0.1) 29.0 (0.0)

Table 1. Richness (S ) and diversity indices (Shannon-Wiener
H’ and H’max) calculated from the DGGE banding profiles
(band no. = average number of bands) of Millepora alci -
cornis bacterial, cyanobacterial, and microeukaryote com-
munities in different coral regions (healthy, diseased, and 

skeletal regions)

Fig. 3. Phylogram of
the DGGE bands from
gels of (a) cyanobac-
teria and (b) bacteria.
The phylogram was
calculated with MEGA
40 using the neighbor-
joining method calcu-
lated with the Jukes-
Cantor model. Num-
bers at the branches
show the bootstrap
percentages (above
50% only) after 1000
replications of boot-

strap sampling
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sition were clear (Fig. 4a). The diversity and richness
indices showed differences between the 3 studied
regions. Unlike in cyanobacteria, there were major
differences when HR samples were compared with
samples from SR and PR. The major richness and
diversity indices were associated with the PR sam-
ples, and the HR displayed lower index values
(Table 1). PCA analysis of the DGGE band profile
showed individual clusters for each region, indica-
ting that each region had a distinct bacterial commu-
nity profile (Fig. 4b).

Four bands that were only present in samples from
the SR were removed and sequenced to indicate pos-
sible pathogens involved in disease development
and expansion. Bands 1B and 3B showed similarities
to sequences of uncultured bacteria and were previ-
ously described from a natural stromatolite (Have-
mann & Foster 2008) and a bleached scleractinian

coral, M. faveolata (Sunagawa et al. 2009). Bands 2B
and 4B showed similarities to a sequence correspon-
ding to the bacterium Prosthecochloris vibrioformis
(Fig. 3b).

Microeukaryotic community

The microeukaryotic community struc ture re -
vealed by PCR/DGGE ana lysis indicated similari-
ties between the microeukaryotic profiles from HR
and SR and between these areas and the PR
(Fig. 5). The richness and diversity indices of the
HR and SR were low when compared with the PR
(Table 1). The micro eukaryotic community from
the PR presented higher diversity indices com-
pared with indices of the bacterial and cyanobac-
terial DGGE gels.
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Fig. 4. (a) PCR-DGGE 16S rRNA gene fingerprints of dis-
eased coral Millepora alcicornis obtained using universal
bacterial primers and the excised bands (Bands 1B, 2B, 3B
and 4B; where B = bacteria). (b) Score plot of the principal
component analysis (PCA) showing the differences among
the DGGE band profiles of the bacteria. Symbols as in Fig. 2b

Fig. 5. (a) PCR-DGGE 18S rRNA gene fingerprints of dis-
eased coral Millepora alcicornis obtained using specific
primers for the microeukaryotic community. (b) Score plot of
the principal component analysis (PCA) showing the differ-
ence among the DGGE band profiles of microeukaryotes. 

Symbols as in Fig. 2b
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DISCUSSION

Different profiles of microbial communities from
healthy, diseased, and skeletal regions from diseased
Millepora alcicornis coral collected in the South
Atlantic Ocean were evaluated to improve our
understanding of the role of cyanobacteria in corals.
Cyanobacterial communities of the SR differed from
those found in the HR and the PR, corroborating the
major role played by this group in coral diseases, as
indicated previously (Cooney et al. 2002, Myers et al.
2007, Bourne et al. 2011, Glas et al. 2012). The cyano-
bacterial DGGE profile showed greater diversity and
richness in the SR, as also reported by Sato et al.
(2010) in the coral Montipora hispida, collected on an
inshore reef at Pelorus Island, in which a consider-
able increase in cyanobacteria was shown in the BBD
region (SR).

Band 4C from the cyanobacterial DGGE gel
showed similarity to uncultured and unclassified
cyanobacteria found in a hypersaline microbial mat
in Guerrero Negro, Baja California Sur, Mexico (Har-
ris et al. 2013). The hypersaline microbial mat condi-
tions are very similar to those observed in diseases of
corals, such as BBD (Sato et al. 2010, Bourne et al.
2011, Cooney et al. 2002, Myers et al. 2007, Glas et al.
2012).

The presence of uncultured cyanobacteria of genus
GPI (Anabaena) observed more intensely and with 2
more copies in the SR reveals the possible role
played by this cyanobacterial genus in the spread of
disease symptoms in M. alcicornis. This work sheds
light on the possible pathogenicity of cyanobacteria
of the genus GPI (Anabaena) in corals. These bands
also showed similarities to cyanobacteria found in the
bleached coral Montastraea faveolata from the Ca -
rib bean (Sunagawa et al. 2009), in the coral Acropora
eurystoma exposed to reduced pH (pH = 7.3; Meron
et al. 2011), and in crustose coralline algae exposed
to thermal stress and acidification. All of these organ-
isms were under environmental stresses, thereby fa -
cilitating pathogen invasion (Ainsworth et al. 2008).

The presence of the genus GPI (Anabaena) with
less intensity in the healthy coral demonstrates that
this genus can be found in the microbial community
of healthy corals, corroborating the hypothesis that
this is an opportunistic pathogen. This genus has the
ability to fix nitrogen and carbon through nitrogen
fixation and photosynthesis, respectively. These pro-
cesses can represent important symbiotic roles of this
genus to the healthy coral. However, more studies
are needed to understand the true role of Anabaena
sp. in corals.

Some studies have demonstrated the dominance of
cyanobacteria in BBD microbial consortia, including
Phormidium corallyticum in the Caribbean (Carlton
& Richardson 1995) and Pseudoscillatoria coralii in
Palau reefs (Sussman et al. 2006). Differently to Ana -
baena sp., which is in the family Nostocaceae, these
species are in the family Oscillatoriaceae.

Unlike the cyanobacterial profile, the bacterial
DGGE band profile revealed specific communities in
each region of the affected coral. Numerous studies
have shown shifts in the microbial communities of
healthy and stressed corals (Pantos et al. 2003,
Bourne et al. 2008, Vega Thurber et al. 2009). These
changes in the microbiota may serve as a bioindica-
tor of environmental stress and disease (Pantos et al.
2003, Pollock et al. 2011).

Concomitant with the shifts in microbial commu-
nity profiles, the richness and diversity indices of
each disease region were also different. These in -
dices were higher in the PR, followed by the SR and
HR. These shifts might be explained by the break-
down in the stability between the coral holobiont and
its symbiotic microbiome, due to external factors and
pathogens, likely leading to coral death (Rosenberg
et al. 2007, Ainsworth et al. 2008). With the loss of
stability, the coral becomes food for microorganisms
present in the holobiont and/or seawater as well as
other organisms (Sussman et al. 2003), suggesting
that the bacterial community present in the PR is
composed of opportunistic colonizers (Ainsworth et
al. 2008). This results in an increase in the supply of
nutrients, such as carbon, which probably increases
the bacterial community richness and diversity
indices in the tissue of the dead PR.

The DGGE bands from the bacterial gel that only
appeared, or appeared more intensely, in the SR
revealed the presence of bacteria from the Bacte -
roidetes, Alphaproteobacteria, and Gammaproteo -
bacteria. Band 1B showed similarity to an uncultured
bacterium from the Gammaproteobacteria that was
previously described in a natural stromatolite in the
Bahamas (Havemann & Foster 2008). Stromatolites
represent some of the most ancient records of life on
Earth. They are rich in biofilms of microorganisms,
especially cyanobacteria (Lepot et al. 2008). This re -
sult suggests that this bacterium could live in a
cyanobacteria-rich environment, demonstrating its
capacity to live together with this phylogenetic group
(e.g. in a consortium with cyanobacteria).

Bands 2B and 4B showed similarities to the bac-
terium Prosthecochloris vibrioformis. This species is
a green sulfur bacterium with an anaerobic photo -
synthetic capacity; it is an obligate anaerobe and is
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able to oxidize sulfur and deposit sulfur globules out-
side the cells for further oxidization (Imhoff 2003).
These results are consistent with previous studies
examining BBD microbiology in which the patho-
genic consortium was composed of different micro-
bial groups, including sulfate-reducing bacteria and
cyanobacteria (Cooney et al. 2002, Myers et al. 2007,
Sato et al. 2010, Bourne et al. 2011). Band 3B (Fig. 3)
extracted from the bacterial DGGE gel showed simi-
larity to an uncultured bacterium from the order
Rhodo spirillales, previously described from a bleached
coral (Montastraea faveolata) from the Caribbean
(Sunagawa et al. 2009), the same study that showed
similarity with the sequences of cyanobacteria from
our work (bands 1B, 2B, and 3B). These results sug-
gest that these microorganisms may occur in consor-
tia, and a similar consortium may cause different dis-
eases, in different species of corals, and in different
parts of the world.

The microeukaryotic DGGE profiles revealed the
possible participation of eukaryotic organisms in the
development of disease or interacting with other
microorganisms involved in the pathogenicity, as
some bands were present only in the SR. However,
the richness and diversity indices and the number of
bands in the PR skeleton were higher than in the
other regions and the other microbial groups studied,
indicating that this group is taking advantage of the
disease. After coral death, the replicates showed a
large distance from the other regions in the PCA
analysis. This result suggests that the presence of
eukaryotic organisms in the coral M. alcicornis in -
creases after coral death. Other studies have shown
the participation of fungi in coral diseases. For exam-
ple, aspergillosis, which is reported in gorgonians, is
caused by Aspergillus sydowii (Geiser et al. 1998).
However, our study is helping to shed light on the
possible participation of other eukaryotes in the de -
velopment of diseases in corals or to demonstrate a
change in the presence of eukaryotes as a conse-
quence of disease in corals.

Aeby et al. (2015) described the first record of BBD
in the Hawaiian Archipelago, and numerous disease
outbreaks have been reported worldwide (Selig et al.
2006, Bruno et al. 2007, Sussman et al. 2008). Global
changes and thermal stress have been associated
with the increasing number of coral disease out-
breaks (Bruno et al. 2007), and individual events,
such as El Niño, could be potential drivers of emerg-
ing diseases. Describing new disease occurrences
and understanding the relationship between possible
pathogens, hosts, and diseases in different parts of
the world is very important, especially in threatened

regions and with organisms that have not yet been
reported. This may help, among other things, in the
development of more robust diagnostic methods for
coral disease. However, more detailed studies are
needed to determine whether these species are path-
ogenic and what their true role is in the disease.
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