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Abstract Chlamydiae are intracellular bacterial parasites of eu-
karyotes, ranging from amoebae to humans. They comprise
many novel members and are investigated as emerging patho-
gens. Environmental studies highlighted similarities between the
ecologies of chlamydiae and legionellae, both groups being im-
portant agents of respiratory infections. Herein, we analyzed na-
sal samples from healthy persons, searching for the presence of
amoebae, chlamydiae and legionellae. From a total of 25 sam-
ples, we recovered by PCR eight samples positive to chlamydiae
and six samples positive to legionellae. Among these samples,
four were positive to both organisms. The sequencing of 16S
rDNAs allowed to identify (i) among Chlamydiae:
Parachlamydia acanthamoebae, Chlamydophila psittaci,
Chlamydophila felis, and members of Rhabdochlamydiaceae,
Simkaniaceae and E6 lineage and (ii) among Legionellaceae:
Legionella longbeachae, Legionella bozemanii and Legionella
impletisoli. Unexpectedly, we also recovered Diplorickettsia sp.
Amoebae collected from nasal mucosae, Acanthamoeba and
Vermamoeba, were endosymbiont-free, and chlamydiae revealed
refractory to amoeba coculture. This study shows common ex-
posure to chlamydiae and legionellae and suggests open air ac-
tivities like gardening as a probable additional source of
infection.

Introduction

Chlamydiae are intracellular bacteria living inside eukaryotic
hosts. The well-known Chlamydiaceae infect vertebrates, and
various species are responsible for acute or chronic respiratory
infections in humans, mainly causing atypical pneumonia.
Chlamydia trachomatis, a major sexually transmitted human
pathogen, may cause respiratory pathologies in newborns and
infants through perinatal transmission (Darville 2005;
Hammerschlag 2004) . Respi ra tory infec t ion by
Chlamydophila spp. is through direct transmission.
Chlamydophila pneumoniae, widespread in several verte-
brates (Bodetti et al. 2002), is endemic in human populations
and responsible for about 10 % of community-acquired pneu-
monia (Burillo and Bouza 2010; Hammerschlag 2004). Less
common agents are of zoonotic origin, primarily the avian
chlamydiae causing psittacosis, i.e. Chlamydophila psittaci
and new Chlamydophila spp. (Beeckman and Vanrompay
2009; Sachse et al. 2014). Chlamydophila felis causes ocular
and respiratory diseases in cats, but its role is likely
underestimated, due to difficulties to differentiate among very
closely related species, and because this species does not seem
to be restricted to cats (Corsaro and Venditti 2004; Trávniček
et al. 2002; Pantchev et al. 2010).

Additional novel chlamydial lineages/families were dis-
covered, some of which apparently associated to respiratory
illness in humans and therefore investigated as emerging path-
ogens (Corsaro and Venditti 2004; Corsaro and Greub 2006;
Corsaro et al. 2003). Simkania negevensis (Simkaniaceae),
discovered as a cell culture contaminant in Israel, occurs prev-
alently in children and shows a worldwide distribution (e.g.
Heiskanen-Kosma et al. 2008; Nascimento-Carvalho et al.
2009). The bovine abortion agent Waddlia chondrophila
(Waddliaceae) and members of the Rhabdochlamydiaceae
have been also recovered in respiratory samples (Haider
et al. 2008). Simkania and Waddlia are able to grow in
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amoebae, and both species have been associatedwith water, as
well as several Rhabdochlamydiaceae which may also be re-
covered through amoeba coculture, with the notable exception
of Rhabdochlamydia spp. (Codony et al. 2012; Corsaro et al.
2009; Kahane et al. 2007;Michel et al. 2004, 2005; Pérez et al.
2012).

However, the most important novel chlamydiae possibly
behaving like emerging pathogens are members of the family
Parachlamydiaceae, naturally inhabiting free-living naked
amoebae. The first member, Parachlamydia acanthamoebae,
was discovered as endosymbionts (strains Bn9 and Berg17) of
Acanthamoeba spp. isolated from the nasal mucosa of healthy
persons in Germany (Amann et al. 1997; Michel et al. 1994).
A first evidence for a possible pathogenic role of this organism
came from its recovery (Hall’s coccus) within an
Acanthamoeba isolated from the source of an outbreak of
humidifier fever in the USA (Lewis et al. 1990; Birtles et al.
1997). Successive studies reported additional recovery of
parachlamydiae species in respiratory samples (Casson et al.
2008; Corsaro et al. 2001, 2002a; Haider et al. 2008). By
comparing sequences obtained from bovine abortion
samples and their cattle drinking water, Wheelhouse et al.
(2011) find identical chlamydial sequences, further indicating
the potential pathogenic role of these microorganisms and the
water as a main biotope.

What emerges from the various studies is an unexpected
diversity of chlamydial lineages possibly implicated in human
as well as in animal diseases, and a likely key role of amoebae
as vectors, possibly via the respiratory route. Some novel
chlamydiae recall in various aspects the ecology of
Legionella species and their association to respiratory infec-
tions (Borella et al. 2005; Fields et al. 2002; Muder and Yu
2002).

Herein, we analyzed nasal samples from healthy persons
for the presence of amoebae, chlamydiae, and legionellae.

Materials and methods

Nasal samples (n=25) were collected from adult healthy vol-
unteers, none of which working with the searched mi-
croorganisms, by using sterile cotton swabs soaked in
sterile distilled water (2-ml final volume). For each
sample, aliquots of 500 μl were used in parallel to
inoculate 1.5 % non-nutrient agar (NNA) plates seeded
with Escherichia coli to recover amoebae and to extract
whole DNA for chlamydiae and legionellae 16S rDNA
PCR (see below).

NNA plates inoculated with nasal samples were incubated
at room temperature for 3 weeks and observed daily for the
emergence of amoebae. Recovered amoebae were identified
by amplification and sequencing of a portion of the 18S rDNA
by using eukaryotic primers 6 F (5′-CCA GCT CYA AKA

GCG TAT ATT-3) and 9R (5′-GTT GAG TCR AAT TAA
GCC GC-3′), under reaction conditions of 5 min at at
94 °C, followed by 35 cycles at 94 °C for 1 min,
55 °C for 30 s, 72 °C for 1 min, with a final elongation
at 72 °C for 10 min (Corsaro et al. 2013a). Recovered
amoebae were screened for the presence of chlamydiae
or legionellae by specific PCR.

DNA extracted from nasal samples was submitted to PCR
with primers specific for the 16S rDNA of chlamydiae or
legionellae. For chlamydiae, almost full 16S rDNA was am-
plified by using pan-chlamydia primers CF1 (5′-CGT GGA
TGA GGC ATG CRA GTC G-3′), CR6 (50-GTC ATC RGC
CYYACC TTV SRC RYY TCT-3′) and CR7 (5′-TAC CTT
GTT ACG ACT TMAYCC YAG-3′), under reaction condi-
tions of 5 min at 94 °C, followed by 35 cycles at 94 °C for
1 min, 60 or 62 °C for 30 s, 72 °C for 1 min and 30 s, with a
final extension at 72 °C for 10 min (Corsaro et al. 2002b). All
samples were tested also as semi-nested PCR, starting with the
products obtained with CF1/CR7 diluted 1:100, and using
CR6 as inner primer. For legionellae, a 660-bp portion of the
gene was amplified by using the primers Leg225 (5′-AAG
ATT AGC CTG CGT CCG AT-3′) and Leg858 (5′-GTC
AAC TTA TCG CGT TTG CT-3′) (Miyamoto et al. 1997),
under reaction conditions of 5 min at 94 °C, followed by
35 cycles at 94 °C for 1 min, 54 °C for 30 s, 72 °C for
1 min, with a final extension at 72 °C for 10 min, as modified
from Corsaro et al. (2010b).

A subset of nasal samples tested positive to chlamydia PCR
was successively used for Acanthamoeba coculture, as de-
scribed previously (Corsaro et al. 2009, 2010a). Briefly,
100 μl of samples was inoculated and 10-fold-diluted onto
6-well microplates containing Acanthamoeba in Page’s
Amoeba Saline (PAS). Microplates were centrifuged, thus in-
cubated at room temperature or at 32 °C in a humidified at-
mosphere in the dark. Successive amoeba cocultures (cocul-
ture II) were performed 5 days later, starting from 100 μl of
coculture I wells. DNAwas extracted from wells I and II and
retested by PCR.

All DNA extractions were performed with the Wizard
Genomic DNA kit (Promega) according to the manufacturer’s
recommendations.

Purified PCR products were sequenced with the same
primer sets and a series of inner primers by using the
BigDye Terminator Cycle kit. Sequences were edited by using
BioEdit and analyzed through BLAST server to search for
closest relatives. SSU rDNA sequences retrieved from
GenBank were aligned by using Muscle.

Phylogenetic analyses were performed by applying maxi-
mum likelihood (ML, GTR, G+I:4 model) with TREE
FINDER (Jobb et al. 2004), and distance (neighbor-joining,
NJ) and maximum parsimony (MP) with MEGA5 (Tamura
et al. 2011), with 1000 bootstraps. Similarity values were cal-
culated with BioEdit.
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Results

Amoeba recovery

Three nasal samples inoculated onto NNA resulted positive
for amoebae. The strains were identified by 18S rDNA se-
quencing as Acanthamoeba sp. genotype T4 (two samples)
and Vermamoeba vermiformis. All amoeba strains resulted
negative to specific chlamydia and legionella PCR.

Pan-chlamydia PCR and phylogenetic analysis

Eight nasal samples resulted positive to pan-chlamydia PCR, but
no amoeba was recovered onto NNA plates from them. Direct
sequencing of PCRproducts allowed unambiguous identification
of seven chlamydial species belonging to five families:
Parachlamydiaceae, E6 lineage, Rhabdochlamydiaceae,
Simkaniaceae and Chlamydiaceae.

Sequences from two samples (NS2 and NS7) revealed to
be identical each other and belonging to Parachlamydia
acanthamoebae (99.7 % with strain Bn9).

Sequences from samples NS11 and NS13 formed two dis-
tinct phylotypes within the E6 lineage, having as closest rela-
tives (95–96 % sequence similarity) uncultured clone
EP912A0005 from Hawaiian lava tube (Northup et al.
2011), and mud pond strain cvE18 (Corsaro and Venditti
2009), respectively.

The sequence from sample NS3 emerges as a new phylo-
type within the Rhabdochlamydiaceae, showing only 90.4–
91.8 % similarity with Rhabdochlamydia spp. recovered di-
rectly from arthropods (Corsaro et al. 2007; Kostanjsek et al.
2004) or from environmental samples, strains cvE88 (Corsaro
and Venditti, unpubl.) and KF-9 (GenBank acc. no.
EF445478, Shivaji and Pradhan, unpubl.). The closest relative
to NS3, with 93.7 % sequence similarity, is the clone CN554
from human respiratory sample (Haider et al. 2008).

The sequence from sample NS16 belongs to the E9
subclade within the Simkaniaceae (Corsaro and Venditti
2009; Corsaro et al. 2002b), sharing 97.6 % similarity with
cvE9.

The two sequences from samples NS7 and NS9 revealed to
be Chlamydophila psittaci and Chlamydophila felis, respec-
tively, showing 99.9 % similarity with respective closest
strains Cps-NJ1 and Cfe-Cello.

Phylogenetic analysis performed on almost full 16S rDNA
confirmed the relationships among the various novel chla-
mydial phylotypes and their closest relatives with high boot-
strap values (Fig. 1). For Chlamydiaceae, a 1150-bp phyloge-
netic tree was built (Fig. 2) to include also partial sequences of
four and three strains ofC. psittaci (strains cvCps1 to cvCps4)
and C. felis (strains cvCfe1 to cvCfe3), respectively, detected
from respiratory samples in our previous study (Corsaro et al.
2002a). The C. felis sequences emerged as independent from

one another, while theC. psittaci sequences clustered into two
groups including strains associated to human infections,
Frt6Hu/Cal10 and HU/Borg, respectively (Fig. 2).

Legionella PCR and phylogenetic analysis

Nine samples resulted positive to legionella PCR, but unam-
biguous sequences were obtained only for six PCR products.
Samples were all negative for amoeba recovery onto NNA;
however, four samples, NS3, 11, 13 and 16, resulted positive
also for chlamydiae (see above).

Sequences obtained from samples 11, 13, 16 and 23 can be
assigned to three known Legionella species: legNS11 and
legNS13 were 100 % identical with L. longbeachae sg-1
and L. bozemanii sg-1, respectively. The sequence legNS16
shared 99.8 % similarity with the fountain strain CD-1 (Guan
et al. 2012), and 99.3–99.6 % with the various strains of
L. longbeachae, and it could thus be assigned to that species.
Similarly, legNS23 could be assigned to L. impletisoli (Kuroki
et al. 2007), sharing 99.5 % similarity, while the second clos-
est relative was L. yabuuchiae, with only 98.7 %. The legNS3
appeared to be a new species, having as closest relative (99 %)
the undetermined Legionella sp. strain legS088 recovered
from a water treatment plant (Corsaro et al. 2010b).

Unexpectedly, sequence of sample NS15 shared 98.7 %
similarity with the novel ixodid symbiont Diplorickettsia
massiliensis (Mediannikov et al. 2010), and about 96 % with
uncultured clones from lakes.

Phylogenetic tree based on the 640-bp portion confirmed
the relationships of the recovered legionellae sequences with
high to moderate bootstraps, as well as the emergence of our
putative Diplorickettsia sp. along Diplorickettsia massiliensis
within the Coxiellaceae (Fig. 3).

Acanthamoeba coculture

Because of the peculiar nature of some novel chlamydiae re-
covered by PCR, nasal samples nos. 3, 11, 13 and 16 were
submitted to Acanthamoeba coculture, starting from two
100-μl aliquots and incubating the microplates at different
temperatures. Only some wells of the plates incubated at room
temperature tested PCR-positive, but coculture II resulted al-
ways negative. These chlamydial strains were thus considered
non-cultivable in Acanthamoeba.

Discussion

In our study, we found human nasal samples from healthy
volunteers, positive for Parachlamydia acanthamoebae and
new members of E6 lineage, Simkaniaceae (E9 subclade) and
Rhabdochlamydiaceae, as well as C. psittaci and C. felis. In
addition, we also detected four Legionella species, and
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unexpectedly the tick endosymbont Diplorickettsia sp. Four
samples were positive for both chlamydiae and legionellae.

Amoebae isolated from nasal samples revealed free of en-
dosymbionts, and our attempts to isolate the novel chlamydiae
in Acanthamoeba coculture were all unsuccessful. This cul-
ture approach permits the recovery of various novel chlamyd-
iae (Corsaro and Greub 2006; Corsaro et al. 2009). However,
its efficiency depends on the amoeba species or strain used as
host (Corsaro et al. 2010a; 2013a, 2013a, b; Michel et al.
2004), and it is limited by the refractoriness of several chla-
mydial lineages to grow in amoebae (Corsaro and Venditti
2009), including those symbionts of arthropods like
Fritschea (Everett et al. 2005) and Rhabdochlamydia

(Corsaro, unpubl.), and those infecting fish (Corsaro and
Karlsen, unpubl.).

The chlamydiae recovered herein showed high biodiversity
(7 species out 8 strains) and frequency (9 out 25 samples,
36 %). This was also observed for the legionellae, with four
species recovered in five samples (20 %). Four samples were
positive for both microorganisms (16 %). The limited number
and/or type of examined samples may likely have biased these
results. Previous studies conducted on larger numbers of clin-
ical respiratory samples recovered about 3–11 % chlamydia-
positive samples by using PCR approaches. Haider et al.
(2008) analyzed community-acquired pneumonia patients
for the presence of chlamydiae, by using specific PCR

Fig. 1 Maximum likelihood phylogenetic tree of the Chlamydiae.
Strains recovered in this study are shown in bold. Association to human
disease or recovery from human clinical samples is marked by a triangle.
Numbers at the nodes represent bootstrap values obtained byML/NJ/MP;

filled circles represent bootstrap values of 100 % obtained with all three
methods; asterisk, value <40 %; hyphen, node not supported. Tree rooted
on Piscichlamydiaceae+Parilichlamydiaceae
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targeting nearly full 16S rDNA, and found 14 out 387 samples
positive (3.6 %). They identified five species, dominated by
Parachlamydia acanthamoebae (n=7) and Protochlamydia
amoebophila (n=4). The remaining species were Waddlia
chondrophila and two novel putative genus-level lineages,
CN554 and CN808, within the Rhabdochlamydiaceae.

In a previous study focusing on differential diagnosis of
chlamydial and mycoplasma respiratory infections with

specific PCR, we found 18 out 190 samples positive for chla-
mydiae (9.4 %), and we identified six chlamydial taxa:
Chlamydophila pneumoniae (n=8), Chlamydophila psittaci
(n=4), Chlamydophila felis (n=3) (Fig. 2), and three distinct
genus-level lineages within Parachlamydiaceae (Corsaro
et al. 2001, 2002a). By contrast, Greub et al. (2004) recovered
7 out 444 Acanthamoeba coculture positive (1.6 %) from na-
sal swabs of patients (5/100), homeless (1/244) and healthy

Fig. 2 Partial ML (1150-bp) phylogenetic tree of theChlamydiaceae and
closest relatives. Main family and genus names are indicated;
Parachlamydiaceae used as outgroup. Strains recovered in this study
are shown in bold. Association to human diseases or recovery from

human clinical samples is marked by a triangle. Numbers at the nodes
represent bootstrap values obtained byML/NJ/MP; filled circles represent
bootstrap values of 100% obtained with all three methods; asterisk, value
<40 %; hyphen, node not supported
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(1/100) persons. However, they used eubacterial PCR and
identified both alpha-Proteobacteria and beta-Proteobacteria
as well as Flavobacteria, but they found neither chlamydiae
nor legionellae.

By using a set of taxon-specific real-time PCRs, Niemi
et al. (2011) reported the recovery of only Rhabdochlamydia
spp. in 16 out 136 samples (11.7 %), while specific real-time
PCR for other four novel chlamydiae resulted negative.
However, the authors have neither identified the
Rhabdochlamydia species, despite the technique employed
could potentially allow to recover at least four distinct taxa,
nor they screened their samples for the presence of other rec-
ognized pathogenic chlamydia species.

More recently, Lienard et al. (2011) applied a real-time PCR
targeting all chlamydiae to 422 nasopharyngeal swabs from chil-
dren with (n=265) and without (n=157) pneumonia, finding 48

positive samples (11.4 %). The authors reported an important
diversity of phylotypes, by assigning 200-bp sequenced PCR
products to various chlamydial families. However, in order to
identify such taxa, they wrongly applied to such small fragments,
similarity percentage cut-offs proposed for almost full gene se-
quences. This gives rise to incorrect identification of various
sequences, as revealed by the accurate analysis of their data. As
an example, some of such partial sequences were assigned to the
Criblamydiaceae, because having 92–93 % identity values with
either Criblamydia or Estrella (see Table 5, Lienard et al. 2011).
However, one sequence (HE20008, Genbank acc. no.
HQ721215) is actually closest (97–98 %) to various uncultured
clones (>1300 bp) belonging to the Rhabdochlamydiaceae (e.g.
clones GP278O7eO9 and FFCH17845, GenBank acc. nos.
JN616113 and EU133918). Another sequence (GE10047,
Genbank acc. no. HQ721195) shares the same identity value

Fig. 3 Partial ML (650-bp) phylogenetic tree of the Legionellales.
Strains recovered in this study are shown in bold. Association to human
diseases is marked by a triangle. Numbers at the nodes represent

bootstrap values obtained by ML/NJ/MP; filled circles represent
bootstrap values of 100 % obtained with all three methods; hyphen
node not supported. Tree rooted on Francisella tularensis
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with members from at least two other families, namely
Mesochlamydia (Parachlamydiaceae) and Amphibiichlamydia
(Chlamydiaceae), thus resulting ‘unclassifiable’. Finally, the
clone 530-2, used to identify another sequence (GE10027,
GenBank acc. no. HQ721193), was wrongly assigned to
Criblamydiaceae, while it is notoriously known as a member
of the ‘Amazon group’ of Protochlamydia within the
Parachlamydiaceae (Corsaro and Venditti 2006). The use of
small fragment sequences to infer phylogenetic or taxonomic
information is clearly inappropriate and misleading, adding only
confusion in groups like Chlamydiae widely composed of appar-
ently new phylotypes.

Legionellae are thought to be amoeba parasites able to cause
pneumonia in humans by resisting to the macrophages.
However, their interaction in the environment may be more
complex, involving a wide range of chemical and physical fac-
tors, as well as biofilms and various prokaryotic and eukaryotic
microbes (Taylor et al. 2009). In addition, both in-field and
experimental studies indicate that freshwater and soil inverte-
brates may play a role in the maintenance and diffusion of these
bacteria (Brassinga et al. 2010; Castellani Pastoris et al. 1989).
Such a more complex ecology is supported by the recent high-
lightings on the soil- and compost-associated legionellae (Casati
et al. 2009; O’Connor et al. 2007; Pravinkumar et al. 2010) and
is also reflected by genomic data (Cazalet et al. 2010).

Recent studies characterizing nasal and oropharyngeal
microbiotas showed them to be highly complex and variable over
time, depending mainly on both individual and seasonal factors,
but also on other environmental variables (Bogaert et al. 2011;
Camarinha-Silva et al. 2012; Lemon et al. 2010). Meteorological
factors like wind and rain (Jones and Harrison 2004) and garden
activities (Casati et al. 2009; O’Connor et al. 2007; Pravinkumar
et al. 2010) increase exposure to inhalation of bioaerosols origi-
nating from soil. Four out of six of our volonteers positive for
chlamydiae and/or legionellae have regular garden activities, and
another works with plant tissues infected by fungi.

The legionellae recovered in the present study,
L. longbeachae, L. bozemanii and L. impletisoli, all inhabit
soils and have been associated to infections by garden activi-
ties (Casati et al. 2009). The new ixodid endosymbiont
Diplorickettsia (Mediannikov et al. 2010) would be eventual-
ly expected in blood as a consequence of tick bite. Its recovery
in one of our samples was likely due to crashed infected ticks
contaminating in some way the nose. However because of the
increasing discovery of new endosymbionts in unexpected
niches (e.g. Kim et al. 2010), the possibility of a
Diplorickettsia sp. inhabiting a soil or freshwater protist can-
not be excluded. Chlamydiae have been recovered from al-
most all types of environments and are at present largely con-
stituted by a huge number of phylotypes with unknown hosts.
It might be surprising that one of our recovered phylotypes,
NS11, has as closest relative a clone obtained from Hawaiian
lava tubes. However, advances in geomicrobiology showed

that unexplored microbiota, including various bacteria as well
as microbial eukaryotes, is present in both carbonate (karst)
and non-carbonate (pseudokarst) caves (Engel 2010, 2011).

Human beings appear commonly exposed to various species
of Parachlamydiaceae (Casson et al. 2008; Corsaro et al. 2001,
2002a; Haider et al. 2008). Parachlamydia acanthamoebae,
herein found twice, is the most frequent and important, while
the other ones are likely occasional cases from environmental
exposure (Amann et al. 1997; Birtles et al. 1997; Corsaro et al.
2013b). Also, the role of Chlamydophila spp. as rare but impor-
tant respiratory agents of zoonotic origin is known, and we re-
coveredC. psittaci andC. felis in this study and in a previous one
(Corsaro et al. 2002a). Birds and cats are frequent inhabitants or
visitors of gardens; thus, theymay releaseC. psittaci andC. felis,
respectively, in soil and on plant surfaces. Indeed, it is known that
C. psittacimay pass through bird faeces, while cats usually mark
the territory by spraying urine and rubbing plants with the head
with facial gland secretions, an activity possibly favouring
C. felis dissemination. This would imply that both species are
able to survive in the environment. Many studies confirmed
Simkania negevensis to be a respiratory pathogen. We did not
recover this species, but a member of the E9 subclade of
Simkaniaceae, previously found only in freshwater ponds
(Corsaro and Venditti 2009; Corsaro et al. 2002b). As for the
members of the E6 lineage recovered in this study, the most
probable source for these chlamydiae appears to be garden activ-
ity, since the same samples resulted positive to L. longbeachae
and L. bozemanii. Finally, the closest relative of our
rhabdochlamydial strain was previously found in a respiratory
sample (Haider et al. 2008). Various molecular-based studies
reported the presence of chlamydial sequences associated with
plants (Bragina et al. 2012; Bulgari et al. 2012; Filion et al. 2004;
Kim et al. 2003; Sagaram et al. 2009; Trivedi et al. 2010; Zhang
et al. 2011). These partial sequences (400–700 bp) share high
similarity values, up to 98 %, with known members of at least
four families, i.e. Parachlamydiaceae, Rhabdochlamydiaceae,
Simkaniaceae and lineage E6. Although not predominant,
representing generally about 2–10 % of clone libraries, these
sequences indicate that various chlamydial families may be part
of the rhizospheremicrobiota, but alsomay be found as epiphytic
and perhaps as endophytic microorganisms. Most of these chla-
mydiae are l ike ly harboured by pro t i s tans and
(micro)invertebrates inhabiting the rhizosphere and the
phyllosphere, and amoebae infected by chlamydiae have been
isolated from leaves (Corsaro et al. 2013a). In addition, their
endophytic nature may be explained in some cases by the trans-
mission of chlamydiae from the original host. For example, some
clones, wrongly identified as Buncultured Simkania^ (Sagaram
et al. 2009; Trivedi et al. 2010), are indeed closest to Fritschea
spp., which are endosymbionts of whiteflies and scale insects,
plant phloem feeder hemipterans.

In clinical diagnosis, searching for responsible pathogen(s)
by PCR methods targeting specific nucleic acids in clinical
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samples is useful as a confirmatory strategy, and to increase
the diagnostic yield. In the case of some fastidious microor-
ganisms, like chlamydiae and legionellae, molecular-based
diagnosis is often preferred. Coupled protocols were also de-
veloped to target together well-recognized species like
Chlamydophila pneumoniae, Legionella pneumophila or
Mycoplasma pneumoniae, on different types of clinical sam-
ples (e.g. Corsaro et al. 1999; Diederen et al. 2009; Cho et al.
2012). The implementation of broad-range PCR primers in
both clinical and environmental surveys showed that many
more taxa may be detected, especially for the groups treated
herein. In several cases, however, it could not be clearly
established if the amplified DNA was from living or dead
organisms. In the case of clinical samples, the recovery of
DNA of novel but poorly known organisms does not mean
necessarily that they are true new pathogens; they may indeed
also be commensals or simply contaminants. Even if not
completely, this problem may be solved by applying, e.g.
ethidium (EMA) or propidium (PMA)monoazide dyes, which
leave available for the PCR the DNA of living cells, by selec-
tively binding to the DNA of dead cells (Fittipaldi et al. 2012).
In any case, efforts to isolate living microorganisms should be
performed, since false-positive results from the applications of
the various molecular methods are always possible. This is
especially important when novel taxa are involved, requiring
further efforts to develop new isolation methods, search for
potential natural hosts, as well as reliable molecular-based
identifications.

In conclusion, we showed common exposure to chlamyd-
iae and legionellae in healthy adults. Available data on iden-
tified species and recreational/work activities of some partic-
ipants to the study suggest that the soil and plant matter, e.g.
garden activity, may be an additional possible source of
transmission.
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