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aLaboratori de Microbiologia Sanitària i Mediambiental (MSM-Lab)—Aquasost, UNESCO Chair in Sustainability, Universitat Politècnica de
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ABSTRACT. Even though the advent of quantitative polymerase chain reaction (PCR) has improved the detection of pathogen micro-
organisms in most of areas of microbiology, a serious limitation of this method may arise from the inability to discriminate between viable
and nonviable pathogens. To overcome it, the use of real-time PCR and selective nucleic acid intercalating dyes like propidium monoazide
(PMA) have been effectively evaluated for different microorganisms. To assess whether PMA pretreatment can inhibit PCR amplification
of nonviable amoeba DNA, Acanthamoeba castellani survival was measured using cell culture and real-time PCR with and without PMA
pretreatment. Autoclave and contact lens disinfecting solutions were used to inactivate amoebae. After these inactivation treatments, the
results indicated that the PMA pretreatment approach is appropriate for differentiating viable A. castellani, both trophozoites and cysts.
Therefore, the PMA-PCR approach could be useful as a rapid and sensitive analytical tool for monitoring treatment and disease control,
assessing effective disinfection treatments, and for a more reliable understanding of the factors that contribute to the interaction amoeba–
pathogenic bacteria.
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The study of free-living amoebae has increased in recent years
because it has been demonstrated that they may be pathogens

(Amstrong 2000; Marshall et al. 1997; Szénasi, Yagita, and Nagy
1998), and also that they could have an important role as reser-
voirs for numerous pathogenic bacteria (Loret and Greub 2010;
Snealling et al. 2006).

Acanthamoeba spp. are free-living ubiquitous protozoa that
have been associated with severe disease in humans (Qvarnstrom
et al. 2006). Exposure to Acanthamoeba may cause different types
of human diseases, such as keratitis, cutaneous acanthamoebiosis,
and lethal granulomatous amoebic encephalitis in humans (Khan
2006; Marciano-Cabral and Cabral 2003).

Acanthamoeba has been reported as a natural host of many
bacterial pathogens, such as Legionella pneumophila (Pagnier,
Merchat, and La Scola 2009), Mycobacterium avium (Steinert
et al. 1998), Pseudomonas aeruginosa (Obritsch et al. 2005),
Helicobacter pylori (Winiecka-Krusnell et al. 2002), Listeria
monocytogenes (Ly and Muller 1990), Escherichia coli (Jung
et al. 2008), and other potential emerging pathogens (Horn and
Wagner 2004). Some of these microorganisms may use the intra-
amoebal environment for replication, profit from the protection
conferred by the amoebae while encysted, and spread in water and
the environment via their amoebal host (Greub and Raoult 2004).
Therefore, the protection of pathogenic bacteria from disinfection
within protozoa could have important implications for water
safety. In this sense, detection and quantification of viable Acanth-
amoeba in the environment is essential to improve the under-
standing of the risk posed to human health by these protozoa.
Furthermore information on Acanthamoeba abundance may sig-
nificantly improve our knowledge about the role of amoebae
in the occurrence, replication, and persistence of their bacterial
parasites (Chang, Wu, and Ming 2010).

Traditionally, conventional culture methods have been used for
Acanthamoeba detection and quantification; cytological prepara-
tions with microscopic observation can detect Acanthamoeba but

require a high level of expertise in recognizing diagnostic mor-
phological characters. Culture is a complex technique, requiring
serially diluting samples, culturing amoebae with seeded bacteria,
and conducting most probable number calculations (Beattie et al.
2003; Behets et al. 2003; Rodriguez-Zaragoza 1994). Cyst forms,
which do not excyst, and trophozoites, which are damaged during
sample preparation, might not be detected through culture
(Rivière et al. 2006).

Molecular methods, such as polymerase chain reaction (PCR),
offer an attractive alternative for they are very sensitive, allow
detection of fewer microorganisms per volume of sample than
morphological methods would, and they can also detect those
cells that fail to grow at given culture conditions. Real-time PCR
or quantitative PCR (qPCR) has emerged as an effective tool for
more rapid testing of clinical and environmental samples for the
detection of Acanthamoeba (Chang et al. 2010; Qvarnstrom et al.
2006; Rivièri et al. 2006). However, a serious limitation of qPCR
is that the technique cannot discriminate between viable and
nonviable protozoa. To overcome this disadvantage, qPCR in
combination with selective nucleic acid intercalating dyes like
ethidium monoazide (EMA) and propidium monoazide (PMA)
have been effectively used to inhibit DNA amplification from
nonviable bacteria (Agusti et al. 2010; Bae and Wuertz 2009;
Cawthorn and Witthuhn 2008; Delgado Viscogliosi, Solignac, and
Delattre 2009; Nocker et al. 2009; Pan and Breidt 2007; Rudi et al.
2005; Soejima et al. 2007), spores (Rawsthorne, Dock, and Jaykus
2009), fungi (Vesper et al. 2008), viruses (Fittipaldi et al. 2010;
Graiver et al. 2010), and yeast (Andorrà et al. 2010). These dyes
may penetrate only into membrane-compromised cells and once
inside bind irreversibly to the DNA by photoactivation. In its
bound state, the DNA theoretically cannot be amplified by PCR
(Dannelley, Boyce, and Gaubatz 1986; Nocker and Camper 2009;
Rudi et al. 2005).

To our knowledge, the utility of PMA and/or EMA for distin-
guishing between viable and nonviable amoebae has not been
verified. The purpose of this study is, therefore, to evaluate
whether PMA pretreatment can be used with qPCR (PMA-qPCR)
to quantify the viability of Acanthamoeba castellani, by allowing
discrimination of DNA from viable and nonviable amoebae. This
is a crucial point in both clinical and environmental microbiology.
A fast and effective diagnostic is ideal for clinical samples so that
not only prompt and adequate patient treatment may begin, but
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control of disease would be enhanced (Hammersmith 2006; Khan,
Jarroll, and Paget 2001; Pasricha et al. 2003); the same is true for
environmental samples, to provide adequate decisions to disin-
fection treatments (Declerck et al. 2007; Thomas et al. 2004).

MATERIALS AND METHODS

Microorganisms, strains, and cultures. Acanthamoeba
castellani (CCAP 1501/10) trophozoites were grown in Page’s
amoeba saline solution (PAS), containing per liter, 0.12 g NaCl,
0.004 g MgSO4 � 7H2O, 0.004 g CaCl2 � 2H2O, 0.136 g KH2PO4,
and 0.142 g Na2HPO4 (Sigma Aldrich, Madrid, Spain) in the
presence of living E. coli 613 strain (DSMZ, numbers 613,
Braunschweig, Germany) as a food source. Briefly, E. coli was
cultured in Luria Bertani broth (Merck, Darmstadt, Germany) at
37 1C with shaking at 120 revolutions/min (Optic Ivymen System,
Barcelona, Spain), until the bacteria were in logarithmic growth
phase. Bacteria were washed 3 times with phosphate-buffered so-
lution (PBS 1X, pH 7.4) by centrifugation at 500 g for 10 min and
resuspended in PAS to obtain a final concentration of 1 � 108

colony-forming units per milliliter (CFU/ml). Next, amoebae
were added and the mix was incubated at 30 1C using an orbital
shaker (Optic Ivymen System) at 100 revolutions/min. The amoe-
ba growth was monitored daily using a Neubauer hemocytometer.
To obtain an enriched trophozoite culture, organisms were sub-
cultured every 2 d. Before each subculture, the trophozoites were
rinsed 3 times with PBS 1X and recovered by centrifugation at
100 g for 5 min. The washed cells were resuspended in 5 ml of
PAS and transferred to a new E. coli suspension.

Acanthamoeba castellani were also cultivated in nonnutrient
(amoeba saline) agar (NNA) plates, prepared by dissolving 15 g of
bacteriological agar (Sigma Aldrich) in a liter of PAS. Approxi-
mately 0.2 ml of the E. coli suspension (108 CFU/ml) and 1 ml of
trophozoite culture were poured on a NNA plate and left for
incubation at 30 1C for 5 d. The amoeba growth was monitored
using a Neubauer hemocytometer chamber. In order to obtain
fresh culture in NNA, an inoculum was prepared from NNA
plates. Approximately 2 cm of agar were taken from the grown
culture and was mixed with 5 ml of PAS; the final suspension was
used to prepare new amoeba NNA cultures.

Encystation conditions. Trophozoites were transferred in PAS
to initiate a rapid and fairly complete encystation. Briefly, a tropho-
zoite culture of 105 cells/ml was centrifuged at 100 g for 10 min.
Then, the pellet was washed in lX PBS and resuspended in the orig-
inal volume of PAS. This suspension was incubated for 40 h at 25 1C
(Kahane et al. 2001). Encystation was monitored by microscopy. The
cysts were harvested by centrifugation and kept at room temperature.

Inactivation treatments. To evaluate the ability of PMA-
qPCR for quantifying viable A. castellani at different physiolog-
ical stages (i.e. trophozoites and cysts), inactivation treatments
were performed. Autoclave treatment and two different contact
lens disinfecting solutions were used as inactivating agents.

Autoclave inactivation treatment. Aliquots of 2 ml were
taken from trophozoite and cyst cultures at 105 cell/ml. These
aliquots were autoclaved at 121 1C for 15 min. After treatment,
samples were cooled using ice and concentrated by centrifugation
at 300 g for 5 min. Then, samples were resuspended in 200 ml of
1X PBS. Aliquots with the same cell concentration of trophozoites
and cysts without inactivation treatment and with inactivation
treatment but without PMA pretreatment were used as controls.
Inactivated trophozoites and cysts were cultured for 2 wk, and
monitored with a Neubauer hemocytometer.

Contact lens disinfecting solutions inactivation treat-
ment. Two different contact lens disinfecting solutions whose
active ingredients include polyhexamethylene biguanide (PHMB)
and hydrogen peroxide (H2O2) were tested. Triplicate 1-ml

samples of both trophozoite and cyst cultures at 105 cell/ml were
concentrated by centrifugation, resuspended in the contact lens
disinfecting solutions according to the manufacturer’s instruc-
tions, and incubated at 24 1C for 24 h in a dark room. After incu-
bation, the cyst and trophozoite samples were washed with 1X
PBS and concentrated by centrifugation, 2,000 g for 5 min and
100 g for 10 min, respectively. Trophozoite and cyst samples in-
cubated at the same conditions but in PBS were used as controls.
Inactivated trophozoite and cyst samples were cultured for 2 wk
and monitored with a Neubauer hemocytometer chamber.

PMA treatment. Propidium monoazide (Biotium Inc., Hay-
ward, CA) was dissolved in a 20% dimethylsulfoxide solution
(Sigma Aldrich) to obtain a 2-mM PMA stock solution. Because
of the lack of data regarding amoebae and PMA in the literature,
the PMA concentration used in this study was chosen based on
previous experiments in the laboratory, taking into consideration
that there was sufficient PMA available for PMA-DNA binding.
Because a mature cyst, has two layers in its wall, an outer wrin-
kled ectocyst that is made of protein and an inner thick endocyst
largely consisting of cellulose, which is very resistant (Johnston
et al. 2009), the selection of the optimum concentration was
determined on two PMA concentrations (100 and 200 mM), which
were evaluated for autoclaved cysts.

Propidium monoazide stock solution was added at a final con-
centration of 200 mM to 200 ml aliquots of both inactivated cyst
samples and trophozoite samples followed by an incubation pe-
riod of 30 min in the dark at room temperature with mixing every
10 min to allow PMA penetration. After incubation in the dark,
samples were exposed to light for 15 min using a photoactivation
system (PhAST Blue, GenIUL, Barcelona, Spain).

Real-time PCR. Quantitation of cysts and trophozoites was
conducted using a LightCycler 1.5 PCR system (Roche, Barce-
lona, Spain). Genomic DNA from samples was extracted using
the E.Z.N.A. DNA extraction kit (Omega Bio-Tek, Norcross,
GA) according to the manufacturer’s instructions. Primers spe-
cific to A. castellani (Thermo Scientific Biopolymers, Waltham,
MA), AcantF900 (50-CCCAGATCGTTTACCGTGAA-30) and
AcantR1100 (50-TAAATATTAATGCCCCCAACTATCC-3 0),
were used to amplify a region on Acanthamoeba 18S rDNA
(Qvarnstrom et al. 2006). The qPCR amplification was performed
in a total volume of 20 ml comprising 10 ml of FastStart SYBR
Green Master (Roche), 0.5 mM forward and reverse primers, and
10 ml of DNA template or PCR-grade water (Eppendorf, Ham-
burg, Germany) for negative control. The experimental Light-
Cycler protocol consisted of one step of 10 min at 95 1C for Taq
polymerase activation followed by 45 cycles of PCR amplifica-
tion. Each PCR amplification cycle consisted of 15 s of denatur-
ation at 95 1C, 60 s of annealing at 60 1C, and 60 s of elongation at
72 1C. A standard curve was constructed by making serial 10-fold
dilutions from quantified cultures of trophozoites and cyst sus-
pensions in sterile 1X PBS to obtain two sets of dilutions for the
curves. DNA was then extracted, and qPCR amplification was
carried out in triplicate.

Statistical analysis. Microsoft Office Excel 2007 (Microsoft
Corporation, Redmond, WA, USA) was used to determine the
equations of standard curves, R2, and coefficients of variation.

RESULTS

Standard curves and qPCR amplification efficiency. A good
linearity between log cell concentration of A. castellani and the
threshold cycle value (Ct) was shown for assays of both tropho-
zoites (R2 5 0.9937) and cysts (R2 5 0.9923). The coefficients of
variation of Ct values in the three replicates ranged from 0.35% to
1.80% for the cyst assay and from 0.17% to 0.78% for the
trophozoite assay. The qPCR amplification efficiencies were
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97% and 100% for the trophozoite and cyst assays, respectively,
determined from the standard curves with corresponding slopes of
� 3.47 and � 3.25. The limit of detection of both assays was
5 cells/reaction.

Autoclave inactivation treatment. Preliminary experiments
with cysts showed that complete cyst inactivation was achieved
when cysts were exposed to conditions of high temperature and
pressure. Using conventional inactivation methods, such as dry
heat or chemicals, viable cysts were detected by both culture and
PMA-qPCR, and even some encysted trophozoites were detected
(data not showed). Given these results, autoclave treatment was
selected. Autoclaving is believed to degrade DNA, however, PCR
analysis has demonstrated that, even after autoclaving, larger
DNA fragments can still be identified (Elhafi et al. 2004) and
sometimes an autoclave method is also used for preparing bacter-
ial DNA for PCR template (Simmon et al. 2004).

Assays were conducted to examine the efficiency of PMA
pretreatment in minimizing detection signals from nonviable
A. castellani cysts and trophozoites inactivated by autoclave at
121 1C for 15 min. For cyst assays and to determine the best PMA
concentration for the entire study, 100 and 200 mM PMA
concentrations were evaluated. The results showed that PMA pre-
treatment led to a significant decrease in the detection of non-
viable cysts by qPCR. The PMA pretreated autoclaved cyst
concentration was found to be 2.3 log lower than the PMA
pretreated nonautoclaved cyst concentration for 100mM PMA
concentration, and more than 4 log for a concentration of
200 mM (Fig. 1). Note that for the latter the amoeba amount was
below the limit of detection. The cyst viability tests of treated
cysts, evaluated by culture for 2 wk, were all negative.

The concentration of autoclaved cysts determined by qPCR was
no lower than the concentration of nonautoclaved cysts, so the
possibility of DNA lost in the assays was ruled out. Regarding the
possible effect of PMA on the viable cells, the concentration of
PMA pretreated viable cysts was no lower than the viable cyst
concentration obtained by qPCR.

Similar results were obtained with trophozoites (Fig. 2). The
concentration of autoclaved trophozoites, pretreated with 200 mM
PMA, was below the limit of detection. So the PMA pretreated
autoclaved trophozoite concentration was more than 4 log lower
than the PMA pretreated nonautoclaved trophozoite concentra-
tion. Significant concentration differences were not found be-
tween viable trophozoites with and without PMA pretreatment.

Contact lens disinfecting solution inactivation treatment.
Assays of trophozoites and cysts in disinfecting solutions whose
active ingredients is H2O2 for 24 h of contact revealed the con-
centration of amoebae was below the limit of detection (5 cells/
reaction) by PMA-qPCR (Fig. 3). For the contact lens disinfecting
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Fig. 1. Quantitation of the cysts of Acanthamoeba castellani after au-
toclave treatment by quantitative polymerase chain reaction (qPCR), and
propidium monoazide (PMA)-qPCR, using two PMA at 100 and 200mM.
The qPCR approach overestimates viable amoeba quantitation, and the
PMA-qPCR performed with 100mM of PMA is not sufficiently effective
to block DNA amplification from nonviable cells. However, the use of
200 mM PMA concentration is effective in differentiating between viable
and nonviable amoeba cysts. The plate count of autoclaved cysts was
negative. Standard deviation bars show standard deviation from three
independent assays. LOD, limit of detection.
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Fig. 2. Quantitation of the trophozoites of Acanthamoeba castellani
after autoclave treatment using quantitative polymerase chain reaction
(qPCR), and 200mM propidium monoazide (PMA)-qPCR. Propidium
monoazide pretreatment is effective in differentiating between viable
and nonviable amoeba trophozoites. The plate count of autoclaved tro-
phozoites was negative. Standard deviation bars show standard deviation
from three independent assays. LOD, limit of detection.
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Fig. 3. Quantitation of cysts and trophozoites of Acanthamoeba
castellani by quantitative polymerase chain reaction (qPCR) and 200mM
propidium monoazide (PMA)-qPCR after contact lens solution treatment.
Propidium monoazide pretreatment blocks qPCR amplification of amoeba
DNA when the A. castellani was inactivated by contact lens solutions.
Note that the H2O2-based solution is more effective than the polyhexam-
ethylene biguanide (PHMB) solution. Standard deviation bars show stan-
dard deviation from three independent assays. LOD, limit of detection;
w/o, without; w/, with; t, time in hours.
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solution whose active principle is PHMB, the concentration of
cysts and trophozoites after 24 h of contact time was reduced by 2
and 2.3 log units, respectively (Fig. 3). Viability of treated cysts
and trophozoites was evaluated by culture for 2 wk. The results
were all negative for the solution whose active principle is H2O2,
but for the PHMB solution, positive growth was observed in the
order of 103 cell/ml (data not shown).

DISCUSSION

In the last few years, EMA and PMA have been utilized to
selectively allow real-time PCR amplification of target DNA from
diverse viable microorganisms, but to our knowledge this is the
first report on the use of PMA in combination with qPCR for the
detection and quantification of viable amoebae, and A. castellani
specifically.

Traditional methods to work with amoeba are time consuming.
So, faster methods are desired. Our quantification method detects
A. castellani in its two different stages, trophozoites and cysts.
The specificity of the primers used in this study was validated
previously and published as part of a set of primers probes
(Qvarstrom et al. 2006; Thompson et al. 2008). Although these
studies used qPCR Taqman assays, high amplification efficiencies
were achieved for both cysts (100%) and trophozoites (97%) us-
ing SYBR Green as achieved also in the present study. The pres-
ence of primer–dimer or nonspecific products was rarely detected
in the melting curve analyses (data not shown), which might be
due to assays performed with pure culture. It was appropriate to
use the DNA extraction procedure because we were able to detect
low numbers of both trophozoites and cysts.

Assays were conducted to examine the efficiency of PMA pre-
treatment in minimizing detection signals from nonviable cysts
and trophozoites of A. castellani, inactivated by autoclave and
contact lens solutions. Contact lens wearers are most at risk from
Acanthamoeba keratitis and account for approximately 95% of
reported cases (Radford, Lehmann, and Dart 1998). Conse-
quently, attention on the pathology of the organism and its rela-
tion to contact lens has increased. Commonly, commercial contact
lens disinfecting solutions are used to prevent this eye illness (Hiti
et al. 2002; Tzanetou et al. 2006). For this reason herein two con-
tact lens disinfecting solutions with different active principles—
H2O2 and PHMB—were used to evaluate the performance of the
PMA pretreatment for amoebae.

Positive results were obtained by qPCR for each inactivated
sample, either by autoclave or contact lens solutions treatment,
when PMA was not used. Consequently, the qPCR alone, which
targeted genomic integrity, did not distinguish viable and non-
viable A. castellani. These results suggest that the main mecha-
nism of amoeba inactivation, under the conditions used in this
study, did not involve DNA degradation, at least at the primer
location. When PMA pretreatment was applied, the nonviable
amoeba concentration reported on PMA-qPCR fell dramatically
for both cysts and trophozoites.

Regarding autoclave treatment, the data from the PMA-qPCR
method were in better agreement with the cell culture data than
the straight qPCR when a concentration of 200 mM was used. In
contrast, the PMA pretreatment using a PMA concentration of
100mM resulted in a positive signal. This outcome suggests that
the PMA-qPCR could yield false-positive results if optimization
of the PMA method is not performed for each assay. Similar re-
sults showing possible false-positive results have been observed
with other microorganisms (Bae and Wuertz 2009; Fittipaldi et al.
2011; Kralik, Nocker, and Pavlik 2010). Many factors could cause
bias in the application of PMA-qPCR: for example, the presence
of a high number of dead cells is one possible reason for false-
positive detection signals (Wang, Li, and Mustapha 2009). Nev-

ertheless, optimization of the PMA method can help to reduce
false positives.

Nonsignificant differences between qPCR and PMA-qPCR for
concentration of viable or nontreated amoebas were observed. It
suggests that, for this assay, PMA did not have a toxic effect at
either PMA concentration used.

Regarding disinfection treatment using contact lens solution,
the data from the PMA-qPCR were in agreement with the cell
culture using a PMA concentration of 200 mM: PMA-qPCR was a
very effective tool to discriminate between viable and nonviable
amoebae. These results indicate that PMA pretreatment could
prove helpful for clinical monitoring of the evolution of Acanth-
amoeba keratitis therapy as well as for studying cutaneous
acanthamoebiosis and lethal granulomatous amoebic encephalitis.

The results show that the two tested contact lens disinfecting
solutions do not have the same amoebicidal effects. In order to
avoid Acanthamoeba eye infection, the H2O2-based solution
resulted in greater disinfection than the PHMB solution; similar
results were obtained in other published studies (Johnston et al.
2009). As expected, the sensitivity of Acanthamoeba trophozoites
to the applied PHMB solution was higher than that of the cysts.

In conclusion, we have validated the use of PMA pretreatment
in combination with qPCR for the detection of only viable
A. castellani DNA. The PMA pretreatment using a PMA concen-
tration of 200 mM and an incubation time of 30 min was effective
in detecting and quantifying both viable trophozoites and cysts of
amoebae. Although, low PMA concentrations have been proposed
in other studies such as, 50 mM for different bacteria (Kobayashi
et al. 2010; Rieder et al. 2008; Yañez et al. 2011), 10 mM for bac-
terial spores (Rawsthorne et al. 2009), 100 mM for virus (Fittipaldi
et al. 2010), and Bacteroides (Bae and Wuertz 2009), in our case
the requirement for a high PMA concentration could be due to the
bigger size of the amoeba genome compared with the genome size
of those microorganisms and also due to the two layers in the cyst
wall. Regarding the incubation time used in this study, other stud-
ies have also reported the use of longer incubation times compared
with the most frequently used time of 5 min (Nocker, Sossa, and
Camper 2007) such as 20 min for fungus (Vesper et al. 2008) and
50 min for bacterial spores (Rawsthorne et al. 2009). It may be
useful to expand this experiment to other genotypes of Acanth-
amoeba to determine whether PMA inhibition is equally viable in
the disparate genotypes found in Acanthamoeba.

Although validation of PMA-qPCR assays for clinical and
environmental samples should be performed in further studies,
the proposed PMA approach is an important step forward in the
quantification of viable microorganisms by DNA detection-based
methods.
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Development of a real-time PCR assay for quantification of Acanth-
amoeba trophozoites and cysts. J. Microbiol. Methods, 64:78–83.

Rodriguez-Zaragoza, S. 1994. Ecology of free-living amoebae. Crit. Rev.
Microbial., 20:225–241.

Rudi, K., Moen, B., Dr�mtorp, S. M. & Holck, L. 2005. Use of ethidium
monoazide and PCR in combination for quantification of viable and
dead cells in complex samples. Appl. Environ. Microbiol., 71:
1018–1024.

Simmon, K. E., Steadmana, D. D., Durkina, S., Baldwina, A., Jeffreya W, .
H., Sheridanb, P., Hortonb, R. & Shieldsb, M. S. 2004. Autoclave
method for rapid preparation of bacterial PCR template DNA. J.
Microbiol. Methods, 56:143–149.

Snealling, W. J., Moore, J. E., McKenna, J. P., Lecky, D. M. & Dooley, J.
S. G. 2006. Bacterial protozoa interactions; an update on the role these
phenomena play towards human illness. Microbes Infect., 8:578–587.

363FITTIPALDI ET AL.—VIABLE AMOEBAE DETECTION BY PMA-QPCR APPROACH



Soejima, T., Iida, K., Qin, T., Taniai, H., Seki, M., Takade, A. & Yoshida,
S. 2007. Photoactivated ethidium monoazide directly cleaves bacterial
DNA and is applied to PCR for discrimination of live and dead bacteria.
Microbiol. Immunol., 51:763–775.

Steinert, M., Birkness, K., White, E., Field, B. & Quinn, F. 1998. Myco-
bacterium avium bacilli grow saprophytically in coculture with Acan-
thamoeba polyphaga and survive within cyst walls. App. Environ.
Microbiol., 64:2256–2261.

Szénasi, Z., Yagita, E. K. & Nagy, E. 1998. Isolation, identification and
increasing importance of free-living ameobae causing human disease.
J. Med. Microbiol., 47:5–16.

Thomas, V., Bouchez, T., Nicolas, V., Robert, S., Loret, J. F. & Lévi, Y.
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