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EMPLOYMENT OF A PCR-BASED MONITORING SYSTEM TO DETECT BACTERIA AND

FUNGI FROM INDOOR AIR SAMPLES AT INDOOR WORK PLACES:
A PILOT STUDY IN PONCE, PUERTO RICO

We analyzed a total of 125 air samples
from 25 offices during five consecutive weeks.
The sampling area was established as one air
sample per 15m2. Collected samples (cas-
settes) were stored at 2208C until testing. DNA
from air samples was extracted using the
SoilMaster DNA Extraction Kit, DNA amplifi-
cation of fungal and bacterial DNA (with uni-
versal primers P4/P5 and NS1/NS2 respective-
ly) was performed using a Triple Master Kit.
PCR conditions were set in a Eppendorf Gra-
dient Mastercycler. The PCR products were
analyzed in a 3% agarose gel, stained with eth-
idium bromide and visualized under UV light.
Our data showed that fungal fauna other than
A. niger or A. flavus is present in 87.2% of the
samples. Statistical analysis demonstrated that
none of the variables affects the PCR products.
According to the weekly questionnaire, 50% of
the negative PCR results can be attributed to
cleaning measures that were performed within
the weekly monitoring. The PCR-based detec-
tion method was proven to have an excellent
potential for the detection of fungi and bac-
teria in the work place.
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INTRODUCTION

To decrease the risk of exposure to
indoor air pollutants, federal agencies
have established specific guidelines for
monitoring such substances in air sam-
ples. However, other products, which
have the potential for triggering respi-
ratory diseases and are found at indoor
air settings (endotoxins, fungal spores
and mites allergens) are not included in
the standard air-monitoring protocols.
The bacteria and fungi found in the in-
door air are known to cause human re-
spiratory system diseases including in-
fections and hypersensitivity responses.

RESEARCH AIMS

We conducted this research to: 1)
design and apply a PCR-based air
screening panel to detect bacteria and
fungi; and 2) evaluate indoor-environ-
mental factors (temperature, humidity,
ventilation) that may influence infesta-
tion levels of fungi and bacteria during
a five-week period at indoor-work plac-
es. The analysis of air sampling using
the PCR Air Screening Panel on peri-
odical bases may be employed as an ear-
ly detection tool in the case of potential
epidemics and to prevent dissemination
of contagious respiratory agents at in-
door work places. Additionally, this sys-
tem may allow a bioterrorism attack/at-
tempt to be detected earlier. This proj-
ect also identified and monitored bac-
teria and fungi that have not been
documented as possible causes of the re-

ported respiratory diseases at work/in-
door settings in Puerto Rico.

METHODS

Air Sample Collection
Air sampling was performed using

the Zefon air pump with a 37 mm blue
styrene 3-piece cassette (0.4um polycar-
bonate). The sampling time was 15
minutes at a rate of 15L/min (recom-
mended rate by EPA/OSHA guide-
lines). The sampling area was estab-
lished as one air sample per 15m2 of
indoor area. Collected samples (cas-
settes) were stored at 2208C until test-
ing. The air sampling was performed
weekly on each location, during a peri-
od of five weeks. Initial conditions were
documented in a questionnaire, which
included the season, temperature, hu-
midity, number of windows, number of
mechanical fans, presence of air condi-
tioning system and type (console, por-
table or window), presence of rugs and
type of construction of the building.
Variable conditions such as the season,
temperature and humidity were record-
ed at every sample collection time. As
well, changes in ventilation or air con-
ditioning system were documented in
the weekly report. Field blank samples
were conducted in parallel to each air
sample.

DNA Extraction, PCR and
Electrophoresis

DNA from air samples was extracted
using the SoilMaster DNA Extraction
Kit (Epicentre Inc.) following manufac-
ture’s instructions. DNA amplification
of fungal and bacterial DNA was per-
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formed using a Triple Master Kit (Ep-
pendorf Co.). This was accomplished
utilizing a total PCR reaction volume of
20ml: 5.0ml of previously extracted air
DNA, 0.5ml of each 10mM primer,
3.2ml of 103 HighFidelity Buffer with
Mg21, 0.4ml of dntps mix (10mM
each), 0.3ml of TripleMaster Enzyme
Mix (1.5U), and 10.1ml of molecular
grade distilled water. PCR conditions
were set in an Eppendorf Gradient Mas-
tercycler as follows: initial denaturation
for 5 min at 948C and 30 cycles of am-
plification using a step program of 20
sec at 948C, 20 sec at 52.08C (P4/P5
and NS1/NS2) and 5 min at 728C. This
was followed by a final extension of 10
min at 728C and held at 48C. Different

conditions were used for the primers.
The PCR parameters for these primers
were as follows: denaturation at 968C
for 2 min; 30 cycles at 968C for 30 sec,
578C for 10 sec and 748C for 60 sec.
This was followed by a final extension
of 10 min at 728C and held at 48C.
PCR products were stored at 2208C
until the electrophoresis was performed.
Positive and negative controls were in-
cluded in each reaction. PCR products
were run in a 3% agarose gel, stained
with ethidium bromide and visualized
under UV light.

Statistical analysis was performed us-
ing a Stata (Stata Corporation TX). The
chi square and the Student’s t test were
conducted.

CONCLUSIONS

No significant differences were ob-
served between the temperature or hu-
midity and number of windows, num-
ber of persons working per sampling
area, or the presence of rugs or curtains
to influence the PCR result for fungi or
bacteria. According to the weekly ques-
tionnaire, 50% of the negative PCR re-
sults could be attributed to cleaning
measures that were performed within
the weekly monitoring. Fungal fauna
other than A. niger or A. flavus were
present in 87.2% of the samples. The
PCR-based detection method was prov-
en to have an excellent potential for the
detection of fungi and bacteria.


