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Abstract Simkania negevensis is an obligate intracellular
bacterium grouped into the order Chlamydiales. This new
amoeba-resistant bacterium represents a novel aetiologic
agent of bronchiolitis and community-acquired pneumonia
in both adults and children. It has been suggested that
Simkania could be an ubiquitous microorganism presented
in water environments. In the natural history of infections
with amoeba-related bacteria encountered in aquatic hab-
itats, the transmissions by environmental aerosols or
contaminated water/air systems have been extensively
recognized. Therefore, understanding the feasibility of
Simkania infection by these or similar routes is relevant.
In the present work, we investigated the prevalence of this

novel disease-associated microorganism in water samples
from different sources by real-time PCR (qPCR). Our
results show Simkania detection in 5 of 185 water analyzed
samples (2.7%: 2 of 88 cooling towers and 3 of 8 waste
water samples). However, no Simkania was detected in a
drinking water.

Introduction

Taxonomic studies have grouped Simkania negevensis into
a new bacterial family called Simkaniaceae, in the order
Chlamydiales. To the date, only one strain called ZT (ATCC
VR 1471T) has been recognized (Everett et al. 1999). S.
negevensis has been considered as a microorganism
involved in several respiratory tract infections in humans
including infant bronchiolitis, community-acquired pneu-
monia and acute chronic obstructive pulmonary disease in
both adults and children (Lieberman et al. 2002; Greenberg
et al. 2003; Friedman et al. 2006; Fasoli et al. 2008).
Serologic evidence of past exposure to S. negevensis has
been well documented indicating that natural infection with
this novel possible pathogenic microorganism seems to be
highly prevalent worldwide. It has been suggested that S.
negevensis could be an ubiquitous microorganism present
in most aquatic habitats because of its relative resistance to
commonly used procedures for routine treatment of
drinking water supplies and its ability to replicate and
survive into the amoebic cysts (Kahane et al. 2004, 2007).
Kahane et al. (2007) reported that Simkania found in
domestic water supplies was the same organism isolated
from patients with lower respiratory tract infection suggest-
ing water itself as the source of these Simkania infections.

Our group has previously reported a low prevalence of S.
negevensis colonization in Spanish cooling towers (Pérez et al.
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2011), a commonly recognized transmission pathway for
amoeba-related bacteria and also for other intracellular micro-
organisms related to Simkania such as Parachlamydiaceae
(Greub 2009). Thus, understanding the feasibility of Simkania
infection by these or similar routes may be relevant in
order to provide more information regarding some
aspects of its epidemiology. For this reason, we consider
it necessary to improve our knowledge about the
potential existence of this pathogenic bacterium in
Spanish aquatic environments increasing the number
and diversity of water samples analyzed.

Materials and methods

Water sampling A total of 185 samples collected during
summer 2009 from 20 Spanish cities from Barcelona
province (Barcelona, Girona, Tarragona, Lleida, Soria,
Zaragoza, Navarra, Huesca, Madrid, Guadalajara, Sevilla,
Logroño, Alava, Valladolid, Salamanca, Cadiz, Teruel,
Bilbao, Huelva, Castellon) were evaluated: 88 from cooling
towers or analogue refrigeration systems, 45 from building
hot water systems, 26 from urban wells, 11 from urban
sprinkler irrigation systems, 8 wastewater samples and 7
samples (collected at different points) from a public
drinking water system.

Sample concentration and DNA extraction In each case,
1 L of water (0.1 L in the case of wastewater samples) was
concentrated by filtration using a nylon membrane
(0.45 μm porous diameter; Millipore, USA). Cells were
resuspended in 10 mL of sterile saline solution, vortexed
for 60 s in the presence of glass spheres (3 mm diameter)
and treated during 3 min in an ultrasonic bath (150 W-6L;
JP Selecta, Spain). Two milliliters of the resulting suspen-
sion was concentrated to 200 μL by centrifugation
(10,000×g, 5 min). Thus, the concentration factor is ×200
for water samples distinct from wastewater or ×20 for
wastewater. DNA was extracted with the Omega Biotek
Tissue DNA Kit (Omega Bio-Tek, USA) according to the
manufacturer’s instructions.

qPCR analysis The specific primers and procedure used for
Simkania DNA amplification were those described by
Johnsen et al. (2005). Quantification was performed using
real-time PCR with the LightCycler 1.5 PCR system
(Roche Applied Science, Germany). The reaction mixture,
20 μL in total, consisted of 10 μL of Fast Start SYBR
Green (Roche Applied Science, Germany) and 10 μL of
sample, giving a final concentration of 0.5 μmol/L of
reverse (5′-GAG CTC CGG AAT TTC ACA TCT G-3′)
and forward primers (5′-AAA GGT AAC GAA TAA TTG
CCT-3′). The experimental LightCycler protocol was one

10-min step at 95°C for Taq polymerase activation,
45 cycles of PCR amplification (95°C for 15 s, 55°C for
30 s for annealing, and 72°C for 30 s for elongation), and a
final melting temperature ramp from 65°C to 95°C at 0.1°C/s.
A positive control of Simkania DNA (kindly provided by Dr.
Friedman from the Department of Virology and Genetic
Development of the Faculty of Health Sciences,
University of Negev, Israel) was used as a standard for
DNA quantification. The theoretical quantification limit
(500 cells/L) was obtained considering the minimum
number of cells that microbiological methods can detect
and count with a good precision (according to ISO 8199
2005 criteria) and considering the dilution factor. Below
500 cells/L our method could detect DNA from Simkania
sp. but, in this case, it was not a quantitative detection. All
assays were performed by duplicate; the PCR efficiency of
the amplification was 1.92, and the correlation index of
calibration curve was 0.98. Samples were considered to be
PCR negative when no amplification was obtained or
when the melting temperature (Tm) was outside the range
established by the positive control, 81.5±1.5°C. Samples
were considered to be PCR positive when at least one of
the replicates showed a Tm that fell within the positive
control curve. Finally, samples were considered to be PCR
positive but not quantifiable when amplification showed a
Tm inside the positive range but with a Ct over 40. The
qPCR products from PCR-positive samples were run on a
2% agarose gel using E-gel Base system equipment
(Invitrogen, USA) following the manufacturer’s instruc-
tions and confirmed by DNA sequencing (Secugen, Spain)
after purification with the Cycle Pure Kit (Omega Bio-
Tek, USA).

Results

Our study showed five (2.7%) positive water samples for
Simkania DNA amplification of a total of 185 analyzed,
two of 88 samples (2.3%) collected from cooling towers
and three of eight wastewaters (37.5%). However, no
Simkania DNA was detected in drinking waters. The levels
detected were low and, in most cases, below our quantifi-
cation limit. Only one sample (cooling tower) showed a
quantifiable level of 6.7×103 cells per L; the rest were
considered positive but not quantifiable as defined above
(<500 cells per L). The sequencing results of the positive
control displayed a 100% identity to the corresponding 16S
rRNA from S. negevensis Z strain (accession number NR
029194). The sequences of the PCR products obtained from
the five positive water samples showed 99–100% identity
with the target reference. In all positive cases, samples were
collected from different cities.
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Discussion

Few is known about the epidemiology of S. negevensis. In
this study, we examined the question of whether S.
negevensis can be found in different aquatic environments
in Spain. A simple and fast qPCR assay system for
Simkania DNA detection was successfully used and
positive evidence for the presence of this potential pathogen
in a few water samples was presented (2.7%). To our
knowledge, this report is one of the first describing S.
negevensis detection in Spanish water environments
attempting to provide some evidence concerning its
epidemiology.

The analytical approach used in this work (sample
concentration and DNA extraction) has been successfully
used by our group with environmental samples from
wastewaters and cooling towers but for detection of
different genetic targets (Bacteroides spp. and Legionella,
Agudelo et al. 2010; Fittipaldi et al. 2010). As far as we
know, no PCR inhibition or problems related to microor-
ganism quantification, even in these complex samples, have
been detected.

It is important to note that the presence of S. negevensis
in water sources may implicate water as a possible
transmission pathway and, in this sense, may be a source
of infection. Our data suggest that if Simkania is really
ubiquitous in water, its levels could be very low in most
cases, at least in Spain. Nevertheless, it should be
considered that in our analyses, we included some good-
quality water samples (with the exception of wastewaters)
that are in compliance with the environmental and health
Spanish regulation based on the European Union rules.

Certainly, previous works (Kahane et al. 2004) appointed
that S. negevensis prevalence could be higher than the
prevalence obtained in this survey. Nevertheless those
samples have been obtained in domestic waters and tested
with a not quantitative method. Microbiology of domestic
drinking water systems is highly influenced by multiple
factors related with storage, pipetting materials, temperature
or water flow. All these factors can contribute in the
worsening of water quality. In this survey we decide not to
work with domestic drinking water because it was
previously demonstrated that these systems may contain S.
negevensis. At this point, the discussion might be if these
discrepancies in Simkania prevalence may be related with
environmental differences between Israel and Spain or if S.
negevensis is more frequent in domestic water systems than
the systems evaluated in our study. So, we are hopeful that
future research will enable to get more conclusions about
the environmental, epidemiological and health care impli-
cations of the possible common existence of Simkania in
various water sources. Taking into account the importance
to carry out prospective analysis for novel disease-

associated microorganism prevalence, such as Simkania,
we encourage researchers of the epidemiology field to
perform similar studies towards a better comprehension of
its potential transmission and/or dissemination routes.
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