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The microorganisms present in the air have great biological and economic importance because they 
can seriously affect living organisms. The aim of this work was to implement a real-time PCR technique as a 
rapid method for detecting Enterococcus faecalis in filters containing airborne particles, seeking to avoid the 
loss of time in bacterial culture on agar plates.       

Air filter samples were collected from four monitoring stations. Filter samples with PM  and 10

TSP particles were subjected to nucleic acid extraction and PCR for identification of E. faecalis.     

The PCR technique developed in this work showed high sensitivity and good specificity for 
detecting the presence of E. faecalis in airborne particles. The results of the microbiological analysis using 
traditional identification techniques confirmed the presence of E. faecalis in all sampling sites. Winter was 
the period with the highest percentage of positive samples.     

The results suggest that PCR technique can be used for rapid detection of E. faecalis in 
filters containing PM  and TSP particles.10
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however, in some cases the phenotypic similarity of strains 
makes it difficult to identify them. This problem can be avoided 
through the use of molecular methods based on nucleic acids that 
allow a more rapid identification of microorganism of genus 
Enterococcus. These methods include genetic tests, 
conventional PCR amplification, DNA-DNA hybridization, DNA-
RNA hybridization and protein analysis; these are all an effective 
alternative for use of serological and biochemical 
characterization for the identification of Enterococcus spp. 
(Sepulveda et al., 2002; Siller-Ruiz et al., 2017).

The aim of this work was to implement a real-time PCR for 
molecular detection of E. faecalis in filters containing atmospheric 
particles captured by high volume samplers. The presence of this 
bacteria can be considered as a marker of fecal contamination 
associated with airborne particles in Hermosillo, Sonora.

Materials and Methods

Sample collection: Samples were collected at four different 
sampling stations; South station: COBACH High School, Central 
station: Dirección de Inspección y Vigilancia; North station: 
Universidad Estatal de Sonora (UES) and Northwest station: 
CBTIS 206 High School, during winter, spring and summer. 

thSamples analyzed were collected 6  day from each sampling 
station following the NOM protocol (SSA, 1993; 1994). PM  10

particles were collected using a high-volume sampler with quartz 
filters (Whatman); TSP particles were collected using a TSP high-
volume sampler (TE-5000) with fiberglass filters. The size of the 
filters was 20.3 x 25.4 cm. In the case of PM  particles, the flow of air 10

3 -1sampled was 1.02 to 1.24 m  min ; for TSP, the flow was 1.1 to 1.7 
3 -1m  min  for 24 consecutive hours both.

Bacteriological analysis: The samples used for analysis were 
obtained from PM  and TSP filters. The unit sample area was 10

228.27 mm . Bacteria were isolated on blood and chocolate agar 
after a previous enrichment in Brain Heart Infusion broth for 24 hrs 
at 37°C. The colonies were selected based on their morphology 
and Gram technique was used to define the cell morphology. 
Bacteria in the form of Gram-positive cocci were analyzed with 
catalase test to differentiate the Micrococcaceae and 
Streptococcacea families. Finally, catalase-negative bacteria that 
grew in selective medium Kenner Fecal were identified as 
Enterococcus faecalis by biochemical tests as mentioned in 
Bergey's Manual (Breed et al., 1957).

DNA extraction: DNA was extracted using affinity silica following 
the protocol described in the Gene Clean kit. DNA concentration 
was measured using a NanoDrop 2000 (Thermo Scientific) and 
stored at -20°C until further use. The following alternative assay 
method for DNA extraction was also performed: the filters were 
placed into micro tubes with 500 µl of nuclease-free water and 
heated at 95°C for 10 min, followed by cooling at -20°C for 5 min. 
The sample was then centrifuged at 10,000 x g for 5 min; the DNA 
suspended in the supernatant was taken and the concentration 
was measured as specified above. 

Introduction

Particulate air pollutants such as pollen, dust, carbon and 
metals such as cadmium and lead, salts, asbestos, sulfuric acid 
droplets, pesticides, dioxins and biological origin e.g., pollens, 
fungal spores, bacteria, viruses, etc. can cause serious health 
problems. Numerous studies on the effects of exposure to these 
contaminants have been associated with increased morbidity and 
mortality (Akhtar et al., 2014; Rojano et al., 2013; Tang et al., 
2017). Inhalation of dust can reduce the function of lungs and 
induce development of allergic and immunotoxic symptoms 
(Awad, 2007). Even though the atmosphere has no native 
microbiota (Hurtado et al., 2014), the airborne microorganisms 
have a high biological and economic importance because they 
can cause diseases and disorders in living organisms (Núñez et 
al., 2016; Smets et al., 2016). Atmospheric particles have been 
subjected to microbiological studies in order to know infectious 
agents, allergens and fungal spores (Pan, 2015); these have 
been carried out by catching these particles in a broth or in solid 
agar for subsequent qualitative or quantitative analysis through 
biochemical and microscopic techniques (Hey et al., 2006). 
However, traditional methods for phenotypic identification based 
on bacteria cultures are laborious and may require several weeks 
to produce results (Biswas and Rolain, 2013); in contrast, 
molecular biology techniques can reduce the identification time 
and provide increasing accuracy, specificity and sensitivity (Espy 
et al., 2006; Saugar et al., 2015). 

PCR is the most important technique in molecular biology 
(Garibyan and Avashia, 2013); it has simplified many laboratory 
procedures, allowing researchers to make significant progress in 
various fields such as biotechnology, ecology, evolution, 
conservation biology, archeology, pathology and forensic 
medicine among others (Cornejo et al., 2014).  PCR is specific, 
simple and fast. Real-time PCR has been widely used for 
studying microbial aerosols in recent years due to high sensitivity 
and speed detection in quantitative and qualitative analysis of 
DNA and RNA (Hou et al., 2016; Li et al., 2013; Satoh et al., 2016). 
Enterococcus faecalis is a Gram-positive commensal anaerobic 
bacterium that inhabits the gastrointestinal tract of humans and 
some warm-blooded animals (Boehm and Sassoubre, 2014; 
Castillo et al., 2013). Like other species of the genus 
Enterococcus, E. faecalis can cause a wide variety of infections in 
humans, especially in hospitalized patients (Guzman et al., 2016) 
with a weak immune system. 

These bacteria are considered indicators of fecal 
contamination (Boehm and Sassoubre, 2014), and its presence 
in food indicates poor hygiene or faulty storage conditions (Okeke 
Kingsley et al., 2014). The study of bacteria Enterococcus in the 
environment is important because these bacteria have the ability 
to acquire resistance to almost all antibiotics, and high distribution 
in environment increases the risk of transmission and bacteremia 
(Tedim et al., 2015). Some strains of Enterococcus spp. have 
physiological properties that facilitate their phenotypic 
characterization using conventional biochemical methods, 
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incubated at room temperature during 1 hr and DNA was 
extracted for qPCR analysis.

Detection limit test: The detection limit was evaluated using 1 ml 
8of pure E. faecalis culture adjusted to 1.5 x 10  bacteria ml . Serial 

8 5 -1dilutions were performed from 1.5 x 10  to 1.5 x 10  bacteria ml  (1.5 
5 -1x 10  to 1.5 bacteria µl ). DNA in each dilution was extracted 

according to the method described above and PCR test was 
performed using the primers yiqLRv and yiqLFw.

Results and Discussion

The results of microbiological analysis, using traditional 
bacterial culture techniques (biochemical tests), revealed the 
presence of E. faecalis, all locations and sampling periods, in the 
Sonora state of Mexico country, with  a high prevalence in the 
center station. Extraction of DNA using the Gene Clean method 
was suitable for PCR testing. An alternative method for DNA 
recovery by thermal shock was analyzed and compared with the 
Gene Clean method. The analysis showed that DNA extraction by 
both methods produced good quality DNA for PCR analysis. A 

-1

Polymerase Chain Reaction (PCR)
a commercial master mix (SYBR green I, Bio-Rad) following 
manufacturer's instructions, using primers specific for acetyl-
c o e n z y m e  A  a c e t y l t r a n s f e r a s e  g e n e :  
C A G C T TA A G T C A A G TA A G T G C C G  ( y i q L F w )  a n d  
GAATATCCCTTCTGCTTGTGCT (yiqLRv). A real time 
thermocycler (Light Cycler 480) was used for PCR amplification 
under the following conditions: one cycle of 10 min at 94°C, 40 
cycles of 30 sec at 94°C, one cycle of 30 sec at 60°C, and one 
cycle of 30 sec at 72°C, with a final extension at 72°C for 5 min. 
The PCR fragments were analyzed by melt curve analysis. A PCR 
of final point was also performed for comparison with qPCR using 
the same run conditions.

The results were analyzed by melt curve analysis, adding 
5 µl of SYBR green I to the final reaction. For extracting E. faecalis 
DNA from sampling filters, the recovery efficiency of bacterial 
DNA from filters were compared with the efficiency of extraction 
using a pure culture of E. faecalis. For this, the concentration of 

8 -1bacteria was adjusted to 1.5 x 10  cells ml , the sampling filters 
6were then impregnated with 15 µl of culture (2.25 x 10  bacteria), 

 was performed using 

6 Fig. 1: Melting analysis of PCR products with DNA recuperated from filters impregnated with E. faecalis (2.25 x 10 bacteria), using final point 
thermocycler (A) and real time thermocycler (B).
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total of 288 samples were analyzed; the concentration values 
-1ranged from 8.5 to 11.6 ng µl . The recovery of DNA from filters 

impregnated with pure culture of E. faecalis showed good efficiency 
(data not shown).

The recommended annealing temperature for primers 
used for molecular detection of E. faecalis is 52°C (Ruiz et al., 
2006). Fixing of temperatures for annealing procedure in order to 
improve the specificity of test was evaluated. No difference were 
noted in the results when 52°C to 62°C temperature was applied. 
Therefore, all PCR tests were performed using an annealing 
temperature of 52°C. PCR analysis was performed using primers 
specific for acetyl-coenzyme A acetyltransferase gene, named 
yiqLRv and yiqLFw (Ruiz et al., 2006). There was no difference in 
the results of samples analyzed by qPCR or end point PCR (Fig. 1).  

The qPCR reaction was performed using different 
volumes of DNA (1 to 3 µl); a 3 µl volume of DNA gave best results 
with no interferences in qPCR reaction. In this study, 3 µl of 
sample were used for each qPCR reaction. The detection limit 
was evaluated using different dilutions of pure culture of E. 
faecalis. The results are shown in Fig. 2. The lowest bacterial 

-1concentration detected by PCR was 1500 bacteria ml . The 
specificity of qPCR for E. faecalis was evaluated using DNA 
extracted from other bacterial cultures, including Staphylococcus 
aureus, Escherichia coli (ATCC: 25922), Salmonella sp. 
Enterobacter aerogenes and Pseudomona aeruginosa. All DNA 

samples of bacteria different to E. faecalis showed negative 
qPCR (Fig. 3). Based on the results described above, a qPCR 
assay was designed using SYBR green I and a melt curve test 
was conducted to detect E. faecalis in air filter samples from 
Hermosillo, Sonora México. This assay included was DNA by 
thermal shock at following PCR conditions: 94°C for 5 min; 40 
cycles at 94°C for 30 sec, 52°C for 30 sec, 72°C for 30 sec and a 
final extension at 72°C for 7 min. Forty-eight filter samples from 
Hermosillo City, containing PM10 air particles, were analyzed 
using the qPCR technique; the results showed that E. faecalis 
was present in all the locations sampled and that winter was found 
to be the most contaminated season. The percentage of samples 
that showed positive PCR for E. faecalis was: 43.8% in spring, 
62.5% in summer and 87.5% in winter (Fig. 4). Using traditional 
bacteriology techniques, it was possible to detect the presence of 
bacteria such as E. faecalis (Santos et al., 2014). 

Although recent molecular biology techniques have 
revolutionized clinical diagnosis, providing higher sensitivity and 
specificity (Sheerin et al., 2017), increasing the speed of 
diagnosis. Till date there are no reports on the use of these 
techniques, combined with high volume samplers, detect for 
pathogens in air samples on fiberglass filters containing PM  and 10

TSP particles. The present study implemented a technique for 
extracting nucleic acids in order to detect E. faecalis using qPCR. 
The results showed that the extraction of nucleic acid using Gene 
Clean produced adequate amount of DNA of high purity. 

Fig. 2: Detection sensitivity for E. faecalis PCR. The minimum concentration detected was 1.5 bacteria .-1µl
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filter samples from the city of Hermosillo; 
has been previously reported in bacterial culture by Santos et al. 

-1(2014). The sensitivity of qPCR was 1500 bacteria ml , i.e., 3.5 
bacterial cells could be detected in each qPCR test. Furthermore, 
the combination of primers used in this study yielded high 

Enterococcus faecalis However, thermal shock is a cheaper and easier technique for 
extraction of bacterial DNA, yielding high concentrations of DNA  
of high purity like Gene Clean. Thus, this method can be used for 
the analysis of filters with atmospheric particles. The method 
designed for this study confirmed the presence of E. faecalis in air 

Fig. 3: Specificity probe for E. faecalis PCR. No amplification was recorded using DNA from Salmonella, Enterobacter aerogenes, Pseudomonas 
aeruginosa, Escherichia coli (ATCC: 25922) or Staphyllococcus aureus.
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Fig. 4: PCR analysis of E. faecalis in air filtered samples collected from Hermosillo city in Sonora México.
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specificity; only samples with E. faecalis were detected, without 
cross-reactions with other bacteria. The presence of E. faecalis 
has been used as indicator of fecal contamination 
(Visnuvinayagam et al., 2017); its presence in food indicates poor 
hygiene practices. The presence of enterococci in the 
environment is important because this bacteria has the ability to 
acquire resistance to almost all antibiotics in use (Goldstein et al., 
2014). In a previous study, Santos et al. (2014) observed that E. 
faecalis isolated from air filter samples from city of Hermosillo was 
resistant to almost all antibiotics, except Due to toxicity level of 
Vancomycin, it is recommended only as an antibiotic of last resort.

The results of this study revealed that the highest 
concentration of contaminants occurred in the center area of the 
city. Considering that downtown Hermosillo is the zone where 
most street-food is sold in the city, the risk of infection with E. 
faecalis for the local population may be very high. The presence 
of this bacterium in water has been reported to pose health risk 
(Alipour et al., 2014). The presence of Enterococci is considered 
as a marker of fecal contamination of natural sources of water 
(Boehm and Sassoubre, 2014; Harwood et al., 2014; Lleo del Mar 
et al., 2005). Compared with coliform bacteria, Enterococci have 
some advantages as indicator of safe hygienic practices; for 
example, they are more resistant to unfavorable natural 
conditions (Wheeler et al., 2002). Enterococci are associated with 
health risks to swimmers (Maraccini et al., 2012). Wade et al. 
(2010) reported a strong relationship between Enterococci and 
illness among swimmers in coastal waters. 

This is the first report on E. faecalis detected by real time 
PCR in air filter samples. The ability to detect the presence of E. 
faecalis in air can be useful for public health institutions in 
countries prone to high incidence of bacterial infection. The 
qPCR technique developed in this work can be used to detect E. 
faecalis in drinking water, food, residual waters, pools, etc. The 
sensitivity and specificity of qPCR can be useful in 
epidemiological research. 
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