ABSTRACT

TI MOTHY J. MUKODA. A Feasibility Study for the Detection of Airborne
Legi onel | a pneunophila Using the Pol ynerase Chain Reaction, (Under The

Direction of Dr. LORI A TODD)

Current nethods to sanple and anal yze bi oaerosols require that
organismviability and culturability be maintained. This can lead to an
underestimati on of airborne bacterial concentrations when the sanpling
nmet hod has inherent qualities which damage or kill fragile m crobes.
The pol ymerase chain reaction (PCR) and associated ajialytical techniques
require only intact cellular DNA to identify organisns contained in a
sanple; thus elimnating the requirenent to naintain viability and
culturability. This investigation has shown it is feasible to capture
ai rborne Legi onell a pneunophila using either an A@-30 inpinger or a
pol ycarbonate nenbrane filter, and identify and quantify the organi sm
usi ng PCR coupled with reverse dot-blot hybridization analysis ajid/or
gel electrophoresis. In addition, the conparison of plate counts with
acridine orange direct counts (AODCs), underscored the fact that tradi-

tional nethods of anal ysis underestimate airborne bacterial concentra-

tion.
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I nt roduct i on

The term " Sick Building Syndrome" (SBS) has been used to describe
a phenonmenon related to indoor air quality that is characterized by
synptoms including runny nose, eye and sinus irritation, sore throat,
headache, fatigue, and dizziness. Conplaints related to SBS usually
originate in buildings that were designed to be energy-efficient and
have climte control systens and permanently seal ed wi ndows. Many
different indoor air pollutants have been inplicated as causes of SBS
including volatile organic conpounds, conbustion products, and bi oaero-
sols. (13) In many instances, it has been difficult to link specific
pol lutants to the conplaints; this is in part due to the fact that
concentrations are usually orders of nagnitude bel ow document ed adverse
health effects and occupational exposure limts. For a given SBS
epi sode, identification of a specific cause is conplicated by the pres-
ence of many pollutants at very |ow concentrations in air

In particular, specific bioaerosols can be difficult to identify
and link to synptons. Bioaerosols are known to elicit a variety of
acute and chronic adverse health effects at |ow concentrations, they are
al ways present in anmbient air, and there are no wdely accepted nethods
for detecting and quantifying |ow concentrations that may be contribut-
ing to SBS conpl aints. Bioaerosols, defined as vegetative mcrobia
cells with reproductive units and netabolites that can be dispersed in
air, include bacteria, viruses, fungi, algae and protozoa. (13) Bio-

aerosols can act as sensitizing agents eliciting an allergic response,
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or as infectious agents causing di sease in the affected individual.

(13) Indoors, there may be an even greater risk of infection as a
result of reduced dilution by air or inadequate ventilation, which
i ncreases the concentrati on of bioaerosols. (23) Factors such as
crowdi ng and degree of activity in an indoor environnent may al so con-
tribute to |l evels of airborne bacteria , and any subsequent infectious
risk. (26) An excess of airborne m crobes, including bacteria, can
have either little to no adverse health effect or a marked increase in
adverse health effect. In the case of an innocuous bacterium such as a
menber of the genus M crococcus, increased airborne concentrations would
not cause buil di ng occupants to suffer adverse health effects. However,

when a bacteriumis an agent of infectious disease, an airborne presence
can have a narkedly different effect. This can occur when bacteria
normal ly found in air are present in excess, or when infectious bacte-
ria, not normally present, are found in air. This would be the case for
Legi onel | a pneunophila (L. pneunophila).

Ai rborne bacteria usually exist in droplets of respirable size as
droplet nuclei. (39) It is extrenely rare that they exist naturally as
an aerosol of single cells; it is nore |likely they exist as aggregates
of individual cells. (32) In nmany cases aerosols containing bacteria
originate fromliquid splashes or sprays, agitation of dusts, or coughs
and sneezes. (27) Individual biological particles usually range in size
from1.0 to 50 mcrons. (21) Therefore, in nost cases a dropl et mnust
have an aerodynam c dianeter of at least 1.0 nmicron to contain an indi-

vi dual bacterium (23)

M croorgani sms, including nmany bacteria, thrive in any environ
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mental reservoir that contains adequate noisture. (13) Therefore, any
appliance or nechanical systemwth a water reservoir or drip panis a
potential source for mcrobial growth. (13) Devices such as hum difi-
ers or vaporizers are especially problematic since they actively spray
wat er droplets into the air, sone of which may contain mcroorgani sms.

Any di sruption of such a microbe-rich environment can cause the organ-
isnms to becone airborne. In nost cases, they will only survive a short
tine in the airborne state; however, many are opportunistic and, in
sone instances, parasitic, requiring a host organismfor growth and
reproduction. (13) Therefore, those nicroorgani sns which are inhal ed
by a living host and are of respirable size stand some chance of sur-
vival. An inhal ed dose of an aerosol, which is a non-infectious type or
quantity, can be neutralized by the host organisms intrinsic defense
mechani sms. However, if the dose exceeds an infectious |evel, and the
def ense nmechani snms are overwhel med, disease may result. It has proven
difficult to deternm ne precise |levels at which disease results from
exposure to an airborne agent. This underscores the need to devel op
t echni ques to sanple and detect bioaerosols at the | owest possible
detection limts.

The ubi qui tous nature of bioaerosol, and the fact that there are
no official exposure linmts such as Threshold Limt Values (TLVS),
(15,31) has caused health care professionals and industrial hygienists
to be concerned with the presence of bioaerosols in concentrations
greater than background. Unfortunately, an outbreak of infectious

di sease usually provides the first hint that there is an excess of
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m crobes in air. In addition, traditional bioaerosol sanpling and
anal yses nethods are not always sensitive enough to detect and quantify
the lowlevels of nicroorganisnms in air that may be contributing to SBS
rel ated conpl ai nts.

At present, there are no direct-reading instrunents to detect or
measur e ai rborne m croorgani sns, and few standardi zed i ntegrated sam
pling methods. (15) Current sanpling nethods involve collecting organ-
isms in a liquid nediumor onto solid or senmi-solid nedia (2) and
culturing the cells to achieve observable nunbers. |If collected cells
are not culturable, there can be significant underestimation of airborne
m crobi al concentrations, or false negative results. The reliance on
viable, culturable cells, dictates that collection and plating tech-
niques result in mninmal cell damage. (15) btai ning accurate counts
of organi snms which can be cultured by plating may be conplicated by a)
speci alized growt h requirenments of an organi smwhich are absent in the
culture nedia, b) metabolic byproducts fornmed by one organi sm which
serve as growh inhibitors to another organi smbeing cultured on the
sane plate, or c¢) contact suppression by adjacent growth points in
nei ghboring col oni es preventing further colony devel opnent. (31) An
under | yi ng assunption of quantifying viable, culturable organisns, is
t hat non-cul turable, viable or non-viable organisms do not cause dis-
ease; for many organisns this assunption is false. Viability, not
culturability, is the measure of infectious potential for a bacterium
such as L, pneunophila.

Thi s paper reports on research to investigate the potential of a
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new bi oaerosol analysis method that nmay provide the ability to accurate-
'y quantify mcroorganisms at nuch |ower |evels of detection than is
possi bl e by current techniques. This technique, which is a major depar-
ture fromcurrent methods, uses deoxyribonucleic acid (DNA) sequences
ajnplified by the polynerase chain reaction (PCR), and subsequent nucleic
acid hybridization with DNA probes, to identify and quantify target
m croorgani sms. PCR used with probe hybridization could provide an
anal ytical option for use with current bioaerosol sanpling nethods. In
theory, under optinmum conditions of sanpling and analysis, intact DNA
fromonly a single organismcould provide a tenplate for DNA anplifica-
tion. PCR has been used extensively as a research tool for the identi-
fication of mcroorgani sns fromenvironnental water sanples.
(5,6,7,8,9,10,11,40) This is the first report investigating the fea-
sibility of adapting PCRto mcrobial cells captured fromair

For this study, L. pneunophila was selected as the target organ-
ism and three different airborne concentrations of |. pneunophila were
generated using a Collison 3-jet nebulizer in an airtight chanber.
Chanber air sanples were collected at each concentration using AG-30
i npi ngers and nenbrane filters. These nethods were selected in the hope
they would not interfere with subsequent PCR anplification. Sanples
were anal yzed by PCR and anplification was deternmned to be successful
using gel electrophoresis and reverse dot-blot hybridization. The
sanpl es were al so anal yzed for culturable colony formng units (CFU) by
the plate count method, and for total mcrobial counts using the acrid-
ine orange direct count (AODC) method. Results obtained by these ana-

| ytical techniques were then conpared.
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Backgr ound
The Pol ynerase Chain Reaction

The Pol ynerase Chain Reaction, developed in 1987, is a procedure
used to rapidly anplify specific DNA sequences. PCR nminmics the natura
DNA replication process to produce accurate copies of DNA sequences from
singl e-stranded tenplate DNA. (33) Assumng 100% efficiency, a succes-
sion of repetitive PCR cycl es generates an exponential increase of a
particul ar DNA sequence, with twenty cycles potentially yielding an
approximate mllion-fold anplification of a given sequence. (4)

To use PCR, sequence information nust be identified for a specific

target DNA segment, see Figure 1. (3) For anplification to be effec-

Srttttrtttttetttttetet 3

----------------------------- <------ Hydrogen Bonds
I O O O O O A I I I I R I

Tar get DNA

Figure 1. Segnent of Target DNA Prior to PCR Cycle 1

tive, this segment must be unique to the organismof interest. It can
be either a segnent within an intact piece of DNA or a DNA fragnent
generated by cleavage of an organism s genonic DNA using a restriction

endonucl ease. (4) Cenerally, the nost effective PCR occurs when the
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sequence of interest is between 100 to 500 base pairs (bp) in length.
(29, 37)

Once an appropriate DNA sequence has been identified, primers nust
be generated that are specific to the sequence of interest. Prinmers are
ol i gonucl eotides or short, single-stranded chains, nmade up of sone
combi nati on of nucleotides (adenine, thym ne, cytosine or guanine).
They attach to a single-stranded DNA segnent and provide a free 3' end
toinitiate the addition of nucleotides. The sequence of a particular
primer is determned by the sequence of the DNA tenplate at the bounda-
ries of the region to be anplified. (33) The primers attach to conple-
nmentary sites on the DNA tenplate i mediately flanking the sequence on
which anplification is desired.

FOR consists of three steps, denaturation, annealing and exten-
sion, that are collectively known as a cycle. A typical PCR mx con-
tains: a) target DNA, the tenplate identified for amplification; b)
extension primers which attach to sites flanking the target DNA se-
quence; c) DNA pol ynerase, an enzyme which performs the copying process;
d) magnesi um chl oride which enhances the reaction; and e) an overlay of
mneral oil which prevents evaporation of the reaction mx. (19) PCR
s performed in an automated thermal cycler because rapid tenmperature
changes are necessary at each step in a PCR cycle

Denaturation, the first cycle step (Figure 2) involves high tem
perature incubation of double-stranded sanple DNA typically at 95° C
(33) The high tenperature causes the hydrogen bonds between the indi-

vidual DNA strands to break, creating separate, single strands of DNA

known as tenpl ate.
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Tenpl ate 1
ATEEEEETEEEEErr e 3

P 11111111 111 11181 > 1 | 5»
Tenpl ate 2

Figure 2. Hydrogen Bonds Broken in Target DNA
During Denaturation in Cycle 1

Denaturation is followed by a | owering of the reaction tenperature
to facilitate annealing. During this step, the oligonucleotide priners
anneal , or attach, to the separated DNA strands. Primers attach to
opposi te DNA strands, such that the 3', or "grow ng ends", are facing

each other, see Figure 3. (8)

Tenpl ate 1
AMTMIELTEEEEETEEEEr e
- —J 3 Pri mer B
Prinmner A 3 | +
K B e N N R L O
Tenpl ate 2

Figure 3. Primers Annealing to Denatured Target DNA in Cycle 1

PCR product is generated during extension, the final step of a PCR
cycle. DNA synthesis proceeds fromthe free 3' end of each primer to

the opposite end of the DNA strand, see Figure 4. (8) Extension is
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Tenpl ate 1

ATEEEEETEEEEEE TP e e 3t

| Jrrarrrrrrnl

Prinmer A

Prinmer B

ITTTTTTTTTTTTIrn

K O O [ 5>

Tenpl ate 2

Figure 4. Extension of Target DNA and Formation of Long Product
in Cycle 1

catal yzed by Tag DNA pol ynerase, an enzyne which initiates the copying
process and sequentially adds individual nucleotides at the free 3' end
of the prinmer/tenplate conmplex. In Cycle 1, only long product is gener-
ated. This is double-stranded DNA which is nade up of one conplete and
one shortened DNA tenpl ate.

Denaturation of the double-stranded DNA formed in Cycle 1 creates
two shortened single-stranded tenplates (Tenplates 3 and 4) having
prinmer at one end, as well as conplete single-strands of DNA (Tenpl ates

1 and 2; Figure 5).
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Tenpl ate 4

Tenplate 1
Priner B
AT PR e 3 FEHI 11111 rn
L1 e T N T T O - S U T - U UL
Primer A
Tenpl ate 3 Templ ate 2

Figure 5. Denaturation of Long Product in Cycle 2

When anneal ing occurs in Cycle 2, prinmers bind to both the intact

single strands of DNA and the abbreviated tenplate strands, see Figure

6.

Tenmpl ate 1 Tenpl ate 4
Priner B
R e T77TT 3 | 111 ML111111 rn
L3 3 |+ 3»
Primer A Primer A
Prinmer B Primer B
3 rn
T T A A B ettt rrrerrrrrrrrrrrmerst
Prinmer A
Tenpl ate 3 Tenpl ate 2

Figure 6. Annealing of Priners to Denatured PCR Product in Cycle 2
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During extension in Cycle 2, long product is again forned, but in
addition, short product is generated. In formng short product, DNA
synthesis is initiated at the free 3' sites and termnates at the priner
sites, see Figure 7. Short product is conprised of the lengths of the 2
primers plus the distance of the target DNA between the them (20) This
length is known as the target sequence. (14) Throughout the ajnplifica-
tion process the quantity of original tenplate remains constant because
| ong product increases arithnetically, as opposed to exponentially.
(33) In theory, follow ng denaturation and reannealing in successive
PCR cycles, all denatured strands of short product are available to
act as substrates for further DNA synthesis. (41) Ideally, the amount
of short product will double after every cycle leading to an exponentia
accunul ation, so short product will be overwhel mi ngly abundant in conn
parison to long product. The PCR product can be anal yzed using ge
el ectrophoresis and/or nucleic acid probe hybridization to determne if

the DNA target sequence was present in the sanple and successfully

anplified.

11
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| ong product short product

Tenplate 1 Templ ate 4
Priner B
S MIMIIMITIIItring 8 MI TIT 111 11 r~i
L .. | I A B I | L Jir 111 i ™Mt
Prinmer A Primer A
Primer B Primer B
11111111111 rn 11111111111 r~\
Lova o 3 ' | ' p| ]t rarajartrataaar poh,
Primer A
Tenpl ate 3 Tenpl ate 2
short product | ong product

Figure 7. Extension and Formation of Long and Short PCR Product
in Cycle 2
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Mat erials and Met hods
Target Organi sm

L. pneunophila was selected for this study because it is both an
i nportant agent of human disease and inhalation of contam nated aerosols
is the suspected route of infectivity for this organism (25) Legio-
nella species are ubiquitous in all aqueous environments, including
potabl e water supplies, and have been positively identified as the
causative agent of Legionellosis, a respiratory disease afflicting
humans. Several species of Legionella have been identified as causing
respiratory disease, but approximtely 85%of all docunented cases are
attributed to L. pneunophila, (30) The assunption that inhalation of
aerosol s generated fromcontam nated water is the route of transm ssion
I's based upon particle size analysis perforned on aerosol s containing
Legi onel I a, which have clearly shown the bacteria are contained in
droplets of respirable size (16,24), and epidemi ol ogi cal studies that
have associated presence of contam nated aerosols w th outbreaks of
di sease. (17) The EnviroAmp*'" Legionella Sanple Preparation, PCR Anmh
plification and PCR Detection Kits were devel oped to detect Legionella
directly fromwater, the environmental source of contam nation. L.
pneunophila was a natural choice for this investigation because of its
airborne route of transm ssion and the existence of a kit to detect its

presence by PCR.
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Bacterial Growth and Count Deternination

A freeze dried culture of L. pneunophila, subsp. pneurmophila was
obtai ned from American Type Culture Collection. A yeast extract broth
(YEB) nediumwas used to rehydrate and grow the bacteria, as described
in Appendix |. Approximately forty hours were allowed for exponenti al
cell growth, after which time serial dilutions of stock culture were
used to determ ne the nunber of colony formng units (CFU) and total
organisns per mlliliter of broth by plating (Appendix Il) and AODC
anal ysis (Appendix I11) (28), respectively. Each serial dilution was
pl ated on charcoal yeast extract (CYE) agar. 5.0ul aliquots at each
dilution were plated and the cultures were incubated at 35° C and 2.5%
C®R2. (38) Gowh was allowed to proceed for 1 to 3 days, after which
time CFU counts were nade and CFU per ml quantities were estimted using

equation 1:

Equation 1.
(CFY) (1 X 10" ul) cFU
D R X
(5. 0ul) m dilution al

factor

CFU and total organismper m bacterial stock count results are |ocated

i n Appendi x | V.

Chanber Design and Aerosolization

Aerosol i zation experinents were performed in a plexiglass glovebox
with an interior volume of approximately 253 liters, see Figure 8. Air
entering and exiting the gl ovebox passed through HEPA filters with a

rated efficiency of 99.99% capture for particles > 0.30 um The exhaust

14
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Exit to LEU Ssftstem

T

Suppl y
Exhaust HEPA Fil tei >
HEFO Fil ter

m nxxi ng Fan

Sxde
Ad - 3B Entry
| mpi nger
Nebul i zer
tt enbr ane
Filter

Hi gh Uol une

Sanpl i ng Pun
Line to Pressure Gauge P 9 P

and Air Supply

Figure 8.  Experinmental Set-up

15


NEATPAGEINFO:id=8ACCBB48-A1DE-41DE-88C6-B0586495897B


HEPA filter was connected to an existing | ocal exhaust ventilation (LEV)

systemoperated at a flow rate of approximately 100 cubic feet per mn-
ute. Prior to each sanpling period the glovebox was purged for 10
mnutes (approximtely 10 air changes) using the LEV systemto provide a
cl ean sanpling environment. To provide adequate mixing of the air a
smal|l fan was nounted to the top of the gl ovebox. Two side portals
wi th renovabl e covers provided «iccess to the interior of the gl ovebox.

Aerosol s containing L. pneunophila were generated using a Collison 3-jet
nebuli;&er. Ar was supplied to the nebulizer at 20.0 psig; at this
pressure the nebulizer is reported by the manufacturer to generate
droplets with a mass median diameter of 2.0 umand liquid at a rate of
9.0 m/hour. (12) Dilutions for aerosolization were prepared by m xing
varying anounts of stock culture with distilled water; three trials were
conducted, each at a different dilution. The nebulizer was run for 15
mnutes prior to each sanpling period. Table 1 lists bacterial concen-
tration per m in the nebulizer solution for trials 1, 2, and 3, as

estimated by plate count and AODC.

Bacterial Stock  Diluert Banteri al Bacterial 1
Trial Vof cj me Vnf cj me Corcsntr?*i on CoTcentration
by PlatB Court by AODC
(m) (m) ( CFUperm) (or™isms per m)
@1 10m 10m 3. 38 E+08 2.90 E+09
2 5m 15m 1. 88E+08 1. 45E+09
3 2.5 i 17.5 i 9.69 E +07 6. 75 E+08 |

Table 1. Estinmates of Bacterial Concentration in the Nebulizer
Sol ution for Plate Count and AQODC

16
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Sanpl i ng Met hods and Pr ot ocol

Chanber air sanples of L. pneunophila were captured into AGQ -30
i mpi ngers and onto Costar polycarbonate, 47mm di aneter, 0.45um pore
size menbrane filters. AG-30 inpingers were used since they serve as
reference sanplers in the devel opnent and testing of new bi oaerosol
sanpl ers. (2) Each inpinger contained 50 m of distilled water as the
capture medi um Polycarbonate filters were sel ected because their
smooth filter surface should naxim ze rel ease of the bacteria into
solution following collection. The filters were held in place during
sanpling by a 47nm di aneter, open-faced filter hol der

Air was drawn into the inpinger or across the filter face at a
target flowrate of 12 1pmusing a high-volume air sanpling punp. The
punp was calibrated using a Glabrator ; calibration data are |isted
in Appendix V. Calibration was perforned prior to and foll ow ng each
sanpl ing period. Each sanpler was run for 22 mnutes, with duplicate
sanmpl es collected for both the inpinger and nenbrane filter at the three
di fferent aerosol concentrations. Follow ng sanpling, exposed filters
were placed into individual, sterile polypropylene bottles containing
50 M of distilled water. The bottles were capped and shaken vi gorously
to rel ease any bacteria trapped on the filter. Sanpling paraneters are
listed in Appendix VI. A detailed listing of equipnment used in this

investigation is listed in Appendix VII.

Det ection of Legionella pneunophila by PCR

PCR sanpl e preparation, anplification, and detection were acconn

plished using the three part Perkin-El mer Cetus EnviroAmp Legionella

17
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PCR Kit. The specificity of the kit is based upon DNA sequences uni que
to the organismL. pneunophila. The genus Legionella is identified by
anmplifying a DNA sequence in the 5S ribosonal RNA (rRNA) gene. (35)
Identification of the species pneunophila is dependent on the presence
of a macrophage infectivity Botentiator (mp) gene specific for L.
pneunophil a. (35) O her species of Legionella contain aiip-like genes,
but the one used in the kit is unique to L. pneunophila. (35) The
speci fic sequence of the 5S rRNA and mip gene, and their respective

priners and, are listed in Appendices VIII and I X

Sanpl e Preparation for Bacterial Count and PCR Anal ysis

Sanpl e anal ysis was perforned in a Class Il biological safety
hood. A 9 m aliquot was renoved from each nenbrane filter and i npinger
sanple for later analysis by AODC. Serial dilutions of the menbrane
filter and i npinger solutions were plated on BCYE agar. This was done

to deternmine the culturable concentrations in each sanple. Each plate

was incubated at 35° Cand 2.5% CQ2 for 1 to 3 days. The serial dilu=

tions used were as foll ows:

0 (undi l uted sanpl e)

LRI (TS e 1ot st et ter),

Pl ate count and AODC data are listed in Appendix X. PCR anplification
of prepared sanples was performed using the protocols outlined in Appen-

dices XI, XIl, XIll, and XIV.

Anal ysis by Reverse Dot-blot Hybridization

Reverse dot-bl ot hybridization analysis was used to detect and
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quantify PCR products using DNA probes immobilized on a nylon strip.

(35) DNA probes are single-stranded, synthetic oligonucleotides which
are conplenentary to a portion of the DNA sequence contained within the
PCR product. Doubl e-stranded PCR product was denatured and hybri di zed
to a specified probe. Sequences for the 5S rRNA and mp probes are
| ocated in Appendix XV. The priners used in the EnviroAnf)111 Legi onel | a
PCR Kit were chemcally marked with Biotin to allow for detection of
the target sequences. (35) The biotinylated PCR products were incu-
bated with streptavidin-horseradi sh peroxi dase conjugate, washed, and a
substrate for the horseradi sh-peroxi dase was added. (35) A series of
bl ue dots appearing on the nylon menbrane indicated quantity and pres-
ence/ absence of the target organism see Figure 9. Blue dots appearing
next to the "L" or "p" synbols indicated detection of genus Legionella
and speci es pneunophila, respectively. The color intensity of the dots
quantified organi sns detected per m of sanple fluid at the follow ng
concentrations: a) > 1000 per m, b) approximtely 1000 per m, and c)
100 < x < 1000 per nm. A blue dot appearing next to the "positive"
synbol indicated that PCR was performed properly, based on an interna

positive control contained in the reaction mx. A blue dot appearing
next to the "negative" synbol indicated PCR had not been performed
properly, or inhibitors to PCR were present in the reaction mx. Re-n
verse dot-blot and col or devel opment anal ysis were performed using the

protocols outlined in Appendices XVI, XVII, and XVI ||

Anal ysis by Gel Electrophoresis

CGel el ectrophoresis was used to verify that PCR product was
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L. Pnuenophila detected at > 1000 organi sns per ni

L pneunopliila detected at approxi nately 1000 organ isns per nl

L. pneunophila detected at > 100 but < 1000 organi sns per m

Figure 9. Interpretation of Reverse Dot-blot Hybridization Detection Strips
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i ndeed present, and that the DNA fragments were the correct size. To
use this technique, PCR product m xed with | oading buffer was pipetted
into individual wells in an agarose gel, and a standard nol ecul ar wei ght
mar ker was i nocul ated into a separate well. The gel was immersed in a
buffer solution and electric current was passed through it. DNA, being
negati vely charged, noved through the gel toward the positive el ectrode.

The di stance a fragnent traveled was deternmined by its length, with
smal | er fragnents noving farther than | ong ones. After a predeterm ned
tinme, the current was interrupted and the gel was stained with a sol u-
tion containing ethidiumbrom de. Foll owi ng repeated washings with
distilled water the DNA fragnments in the gel remai ned stained. DNA
fragnents in the gel fluoresced when viewed under ultraviolet light, and
fragnents of the desired length were identified by conparing themwith
the | ane containing standard DNA narker. The size of the PCR products
for the 5S rRNA and nip gene are 108 and 168 base pairs, respectively.

(35) Cel electrophoresis was performed using the protocols outlined in

Appendi ces XI X, XX, and XXl

21


NEATPAGEINFO:id=F6103E66-38CE-4F45-A7EE-485490CAD716


Resul ts
Detecti on and Quantification using PCR

L. pneunophila was successfully detected and quantified in chanber
air sanples using AQ-30 inpinger and nenbrane filters. As shown in
Tabl e 2, PCR product was positively identified for el even out of twelve

sanpl es by both reverse dot-bl ot hybridization and gel el ectrophoresis,

for all three trials.

Gel Hybri di zati on
Trial Sanpling Eectroplnoresis Anal ysi s
| V&l hod Resul t Resul t

1 | npi nger + +

1 Mt + -

1 | pi, nger + +

1 [orter + N

2 | npi nger +

2 Flter + +

2 | npi nger +

2 Filter

3 | npi nger + +

3 Filtfir + +

3 | npi nger + +

3 Filter + +

Table 2. Results of Gel Electrophoresis and Reverse Dot - bl ot
Hybri di zati on Anal ysi s
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Reverse dot-bl ot hybridization anal ysis showed specific detection
of organisms in the genus Legi onella and speci es pneunophila for al
positive sanples. Bands corresponding to the 108 and 168 base pair DNA
fragnments were visible by gel electrophoresis analysis for all positive
sanpl es. There was no consi stent rel ati onship observed between the
intensity of the band present in the gel and the estinmated recovery
concentration. The single negative result was expected; during the DNA
extraction protocol the filter being used to concentrate the sanple

becane unseated in its holder, resulting in |oss of nbpst of the cells.

Detection and Quantification by Plate Count and AODC

L, pneunophila was detected and quantified by both plate count and
AODC anal ysi s net hods using inpingers and nenbrane filters. Figure 10
is a plot of estinates for the nmean bacterial CFU count per nl of
sample fluid versus trial nunmber for the inpinger and filter results.
As the concentration in the chanber decreased fromtrial 1 to 3, the
mean count decreased.

Figure 11 is a plot of the nean total count estinmated by AODC
versus trial nunber for inpinger and nenbrane filter results. In con-
trast to the CFU count results, there was no consistent relationship
bet ween AODC results and chanber concentration; in fact, trial 2 result-
ed in the greatest nean recovery by AODC, not trial 1, in which the

hi ghest chanmber concentrations were generat ed.
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Figure 10. Mean Bacterial Concentrations per ml Estimated by Plate
Count

24


NEATPAGEINFO:id=F58F6A6F-A90C-41E4-A41E-2BDB15BAC085


-=1

2

Tri al

N AAean Recovery per Trial

Figure 11. Mean Bacterial Concentrations per ml Estinmated by ACDC
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As shown in Figures 10 and 11, counts recorded by the plating and
AODC anal ysi s et hods, respectively, were orders of magnitude different
fromone another. Aratio of the AODC to plate count results was over a
t housand and, as the bacterial concentration in the chanber decreased,

t he nagni tude of the discrepancy between the nethods increased, see

Figure 12.

I . T2e+04

S 10.00

a-i PE+os

Trial

Figure 12. Ratios of AODC to Plate Count Results, Mean
Bact eri al Recovery per Trial

Overall, this ratio obtained after sanpling was not simlar to the ratio

of the AODC to plate count results obtained fromthe aerosolized stock

sol uti on.
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Figure 13, a plot of the ratio of AODC to plate count results for
each trial, shows only about a two-fold difference between these count -
i ng nmet hods; for the stock solution, as the concentration in the stock
decreased, there was no difference in the ratios for the different
solutions. One reason for this difference is that some fraction of
organi sms contained in the stock will always be non-culturable. Differ-
ences in the ratios of plate count to AODC results before and after
aerosolization nmay indicate |osses of viability and culturability oc-

curred as a result of aerosolization and/or collection.

& 2.50
acC

U .00 1. P«<* 00

J 1. 746+00
a.

Tri af

Figure 13. Ratios of AODC to Plate Count Results Prior
to Aerosolization
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Compari son of Bacterial Count and Reverse Dot-Bl ot Results
A conparison of results obtained by plate count, ACDC, and reverse

dot-bl ot hybridization analysis is shown in Table 3.

Bact eri al Bacteri al Concentrattan Estimate
Trial Sampliriy Coxenl ration Concentr at bn Based on
Method  byP| al eCoLrt by AGDC Hybri di zation Results
(CFU per m)  (organisns per m)  (organisns per n)
1 |”P' nqur 1970 2.12 E+06 > 1000
1 il %00 1. 94E+0e > 1000
1 | n’pi nger 433 2.02 E+06 > 1000
1 Filter S67 1. 66E+06 > 1000
2 Ite 533 2.51 E +06 > 1000
2 | rrpi nger 800 2. 32 E+06 > 1000
2 Filter 767 2. 47 E+06 None Det ect ed
3 |rrpi nger 133 1.82 E +06 > 1000
3 FiltBr 567 1. 23E+06 > 1000
3 [ nnph"yer 66 1. 73E+06 > 1000
3 Filter 86 1. 84E+06 > 1000

Table 3. Conparison of Plate Count, AODC, and Reverse Dot - bl ot
Hybri di zation Estinates of Bacterial Concentration
per ni
The hybridi zation and AODC results both estinmted counts to be
greater than 1000 organisnms per m of sample fluid. In contrast, only
2 of 12 sanples analyzed by plating resulted in greater than 1000 CFU
per m of sanple fluid. For the negative PCR sanple in trial 2, posi-

tive results were obtained using the counting nethods. This was expect-

ed because the sanple was split before PCR anal ysis was perforned.
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Di scussi on

Det ection of airborne Legionella pneunophila was acconpli shed
using a conbination of traditional bioaerosol sampling devices, PCR for
anplification of extracted cellular DNA and gel electrophoresis and
reverse dot-blot hybridization as anal ytical techniques. Stresses
pl aced on the organisns during aerosolization and collection did not
prevent DNA anplification by PCR or subsequent detection of PCR product
at the airborne concentrations tested.

The primary concern in selecting a sanpling nethodol ogy for use in
conjunction with PCR was capture of the target organi smwhile preserving
the integrity of the cellular structure and DNA. Organismviability
and culturability were secondary considerations because an assunption
was made that any organi snms captured coul d have potential viability, and
thus coul d be considered an infectious risk. This investigation showed
that inpingement and menbrane filtration are capabl e of recovering L.
pneurmophila with its cellular DNA intact and in adequate quantities for
anplification by PCR

The mai n advantage offered by PCRis extreme specificity, which
gives it potential as a powerful analytical tool for use in air sam
pling. (4) This specificity allowed precise positive identification of
L. pneunophila in this study. Even though a single organi smwas exam
ined in this investigation, PCR has no requirement to rigorously purify

sanpl es of non-targeted DNA before subjecting themto analysis. As |ong
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as one copy of the target sequence is unbroken in the region of inter-
est, and the sanple does not contain inhibitors to PCR anplification
shoul d occur. (14) Oher benefits of using PCR include its ability to
amplify target DNA at picogramquantities or less (33) and the conmer-
cial availability of automated equi pment which can readily synthesize
ol igonucleotide primers. (34) Afinal strength of PCRis that it can
be fully automated, and 30 cycles of PCR can usually be conpleted in
just a few hours, making it possible to perform sanple collection
preparation, and analysis in a single day. This provi des an advant age
over analysis by plating, which usually take 24 hours or nore for ade-
guat e incubation of sanples.

The extrene sensitivity of PCR proves to be a drawback; contam -
nation of sanples with minute quantities of DNA can lead to fal se posi-
tive results. (36) Therefore, to prevent carry-over of PCR product
into sanple preparation areas, |aboratory areas used for PCR reaction
preparation must be nmintained separately fromareas used for PCR pro-
duct anal ysi s.

The use of PCR is constrained by the requirement for pre-existing
know edge of DNA sequence infornmation, such as the m p gene sequence.
(8) Only organi sms which have been characterized for wholly unique DNA
sequences can be used for the design of primers. In addition, primers
must be homol ogous to all known exanples of a particular DNA sequence
(14) If only a single exanple of a particular organismhas been se-
quenced, a high probability exists for fal se negative results. The
choice of a target sequence for anplification by PCR requires extensive

background research to ensure uniqueness. |f simlar sequences occur in
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the nucleic acid of unrelated organisns, and both the target and unre-
| ated organismexist in a given sanple, analysis by PCR may give fal se
positive results. (14)

An inportant issue in the use of PCR which has not been resol ved
is precise quantification of the amount of target sequence in the ini-
tial sanple based on the anmount of PCR product. (14) It is often
desirable, especially in environnental sanpling, to have know edge of
the concentration of organisns present in a given sanple, as well as a
test of presence/ absence. To date, their are no nmethods which can
precisely relate the anount of PCR product generated to the nunber of
organi sms contained in the original sanple.

Bacterial counts obtained by AODC were consistently greater than
t hose obtained by plate counts. However, the ACDC nethod is a non-
specific technique. Even in an investigation such as this, where a
predeterm ned concentration of a known bacterial species was introduced
into a controlled, HEPA filtered environnent, an assunption was nade
that all cells identified by AODC were, in fact, the target organi sm
Anbi ent air can contain nunerous different species, ranging in concen-
tration fromthousands to mllions of viable mcroorgani sms per cubic
meter (15). The utility of AODCis not inits ability to differentiate
organi sns or determne viability, but to provide accurate information on
total counts. Some other type of assay, such as culture on a selective
nedia, nust be performed if positive organismidentification is desired,

giving the AODC method limted utility in a field investigation. Re-

sults fromthis study indicated that the AODC method was not sensitive
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to the changes in chanber bacterial concentration introduced in the
three trials. This may have been related to the high bacterial concen-
trations generated for this study.

Conparison of plate count and AODC results indicated that plating
may underestimte the actual nunber of bacteria contained in a given
sanple. In addition, as airborne concentrations of bacteria decreased,
plate count results became increasingly |ess accurate. It is widely
accepted that, due to a nunber of factors, culture plate assays often
underestimate actual |evels of microorganisns collected during air
sampling. (31) In this investigation some factors which may have |ed
to plate count underestimation were: a) limted viability of an organ-
ismin an airborne environment (31), b) desiccation of, or danmage to
an organi smduring collection (31), c) choice of nebulizer diluent
and/ or inpi ngement col | ection medium d) choice of growth nediumused to
plate sanple solutions. L. pneurophila is found naturally in water, not
air. It is possible that some culturable counts were |ost during aero-
solization as the bacteria were rapidly transferred froma natura
liquid environment to the air. Both collection methods have inherent
qualities which make loss of culturability likely. Rapid deceleration
of the organisns in the liquid collection nmediumnay have damaged some
organi sms and contributed to | ower recovery by plating. Bacteria col -
| ected on menbrane filters are susceptible to desiccation fromthe |arge
vol une of air passing across the filter face. Distilled water was not
an ideal choice as a diluent or as the inpinger collection medium
Bacterial survival and recovery may have been enhanced had a buffered

solution been substituted. Finally, the use of a selective medium
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(buffered charcoal yeast extract) for plating may have decreased count
results by inhibiting repair of mininmally danmaged cells. A less sel ec~
tive plating nedium such as trypticase soy agar, may have pronoted
better growh and recovery results. Al of the plate counts results
observed in this investigation were within docunented CFU detection
limts for both inpinger and nmenbrane filter sanpling nethodol ogi es.
(1)

The count underestimation by plating is significant because sone
fraction of the bacteria in the aerosol can be viable, yet non-cultur-
able. This is of clinical significance for a bacteria such as Legi onel -
| a pneunophila where viability, not culturability, is the neasure of
i nfectious potential. Underestinmation by plate count can have serious
consequences when fal se negative results are reported, because the
volune and nass of material in an infectious dose of a pathogenic organ-
ismcan be very small. (15) It may be prudent to reconsider sone of
the current nethods enployed for analysis and enuneration of collected
ai rborne mcroorgani sns based on the potential for unacceptable count
under esti mati on.

This investigation was limted to detection of high airborne
bacterial concentrations. Wile the question of detection feasibility
has been addressed, the issue of a quantifiable Iimt of detection for
ai rborne m croorgani sms using PCR still remains. Follow up studies
shoul d i nclude work to determ ne the | owest | evels at which airborne
m croorgani sns can be detected using PCR in conjunction wth various

sanpl i ng met hodol ogi es. A lower detection l[imt could then be conpared
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to limts which have been established using traditional analytica
techniques. In addition, better nethods need to be devel oped to preci-
sely relate the anount of PCR product generated froma sanple to the
concentration of organisns contained in the sanple. Follow up work
m ght include performng PCR and reverse dot-blot hybridization analysis
on serially diluted sanples to estinmte endpoints of detection.

The utility of the PCR in bioaerosol nonitoring is dependent on
the availability of DNA sequence information for mcroorgani sns which
proliferate or exist routinely in the air and are of sone clinica
significance, i.e. pathogenic. An enornous anount of sequence data is
avai l abl e, maki ng PCR possible for a |arge nunber of organisns by using
publ i shed DNA sequences. (34) However, only a few of the many m croor-
gani sms whi ch influence hunman health have been extensively anal yzed at
the DNA sequence |evel. (22) Common airborne bacteria for which DNA
sequence i nformation has been obtained are Legionella, Pseudononas,
Bacillus, M crococcus, Mycobacteriumand Corynebacterium Merely char-
acterizing sequences of DNA does not itself warrant the use of the PCR
Future research should focus on the devel opnent of oligonucleotide
primers unique to specific organisns of interest. An interesting
strategy which can be used is to identify the DNA sequence of the
particul ar gene involved in pathogenesis. (41) This gene would cor-
relate to the specific disease and coul d be used as a genetic marker for
the disease. (4) A unique segment of the DNA sequence for this gene
could then be used as a potential target for anplification by PCR wth
subsequent analysis for positive identification. Protocols nust also be

devel oped for DNA extraction and PCR anplification which relate to
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specific organisns of interest.

A variation on traditional PCR which may have utility in bioaero-
sol monitoring is called nultiplex PCR This technique involves am
plification of several DNA segnents sinultaneously in the sane PCR
reaction mx. (8) Miltiple pairs of primers are placed in a single PCR
reaction tube. Each priner pair is specified for a different target
sequence corresponding to a unique mcroorgani sm Choosing the target
sequences for the individual organisns requires extensive forethought.
The lengths of each individual target DNA sequence should be relatively
cl ose, because large differences will favor the anplification of short
target DNA over long. (8) At the sane time, if gel electrophoresis is
used to anal yze the PCR products, the lengths should be sufficiently
different so distinct bands will be distinguishable in the gel. In
addition, the primers should be designed with relatively close annealing
temperatures. (8) This will ensure the prinmers can bind correctly to
the intended flanking regions. Future research could explore the use of
multiplex PCRto identify different species collected in a single air

sanpl e.
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Appendi x

Protocol for preparing Yeast Extract Broth (38)
For 1 (one) liter:

1. Conbine the followi ng ingredients in a container of

sufficient size to hold 1 liter of solution and mx well:
a. 1000mM distilled water

b. 10. Qg Yeast Extract Agar

c. 0.40g L-cysteine

d. 0.25g ferric pyrophosphate

2. Filter sterilize solution using a 0.45um pore size
menbrane filter.

3. Adjust pHto 6.90 using 1 N NaCH

4. Performa second filter sterilization using a 0.45
pore size nmenbrane filter.

5. Transfer the nmedia in 10 equal volunmes to sterile 125
m gl ass bottles.

6. Store nedia in sealed bottles at 4° C
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Appendi x 11

Protocol for preparing Charcoal Yeast Extract plating agar

1.
fic

6.

7.
i nd

8.

Conmbi ne the following ingredients in a container suf-
ient to hold 500mM of solution:

500 distilled water
18. 59 Yeast Extract Agar

Adjust pHto 7.10 to 7. 20.

Sterilize solution at 15 psi and 121 degrees C for
m nut es.

Cool solution to 40 to 50° C.
Add 5m Agar Enrichnent.
Adjust pHto 6.85 to 7.0.

Pour approximate 20 m quantities of liquid agar into
i vidual sterile 100 nm petri dishes.

Allow plates to cool; store at 4 degrees C
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Appendi x 111

Protocol for the Acridine Orange Direct Count (AODC) Epifluorescence
M croscopi ¢ Method (28)

1. At tine of sanple collection, fill a sterile, autoclaved
scintillation vial with 1.1m of filtered fornmalin and 20m of
sanpl e water. This preserved sanple can be stored up to 3 weeks
at 4° C

2. Performdecinal dilutions of the preserved sanple. A dilution
of 10" shoul d be sufficient

3. a. Add 1 m of filtered 0.1% Acridine Orange stain to 9 m of
sanple water; allowto stain for approximately 4 ninutes.

b. Place a bl ack, 0.22um pore size, 25 nm di anmeter polycar-

bonate filter on the filtration apparatus and add the fl aned
t ower .

c. Filter stained water through the filter with a gentle

vacuum

d. Rinse filter apparatus and filter with 9 nl of particle
free water; allow vacuumto pull for a few seconds after al
liquid has passed through filter

e. Place a snall drop of Cargille Type A imersion oil on a
clean glass slide. Renpbve the tower and place the filter on the
drop of inmersion oil. Place the filter on the drop of oil. Add
another small drop of oil on top of the filter.

f. Examine the slide under epifluorescent illum nation and
count cells inside grid.

4. Count at least 5 randomfields and average the counts for the
fields. Count at least 200 cells. If nore than 100 or | ess than
10 cells per field are found, a higher or |ower dilution, respec—
tively, should be used.

5. Calculate the nunber of cells per m of sanple using the
foll owi ng steps and equati ons:

a. Average the cell counts for the random fi el ds count ed.
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d.

G ven: Di anet er

Grid D nension

Area of Gid

Area of Filter
X
Y

of Tower = 16.0 mMm
55.5 urn

0.0038 mt
= 201. 06 mmt*
= Average Cells/Field
= ACDC (cells/m)

Formula to Cal cul ate Y:

X * Area of Filter

0.95 * Area of Gid
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Appendi x 1V

Stock Culture Bacterial Concentration Determ ned by Plate Count and AODC

Cmmt Dilution Bacterial 1
j Trial Plate Cnnt Data Aver age Corcentretion
(CFU 5ui ) (CFU/ 5U) (CFU perm)
1 32.30,24, 25, 31,22 27 8.0 E-06 6. 75 E+08
2 28. 34,31, 27. 29. 33 30 8.0 E-06 7.50 E+08
3 36.28.34. 29, 31. 26 31 8.0 E-06 [THEHE I
AODCCoi nt Cout Dilution Bact Bri ai 1
Trial Dat a Averj” Fact ex Corcentration
(total organisns) (total organisrrk) (organi sns per )
11 55. 52. 67. 44. 48. 35, 56, 60 52 2.0 E-03 1. 45E+09
"1 55 52, 67. 44. 48,35, 56, 60 52 2.0 E-03 1.45 E +09
3 47,40.51.57.48.50, 52. 43 49 2.0 E-03 1, 36E+09 1
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Appendi x V

Summary of High Volume Punp Calibration Data

Sampl i ng
Trial Met hod Pre- Cal PGot - Cal Aiirerage
(I'pm (I'pm (I'pm
1 | npi nQer 12.01.12.07.12.04  11.61.11.63.11.68 11. 82
1 Filter 12.01.12.05,12.03  12.29.12.32.12.27 12.16
1 | npi nger 12.04.12.05.12.04  11.48.11.58.11.55 11.79
1 FiltBT 12.06.12.11.12.07  12.13.12.18,12.13 12.11
2 | npi nger 12.05.12.05.12.07  12.44.12.45.12. 44 12.25
2 Filter 12.05.12.01.12.03  11.98.11.92.11.93 11.99
) | npi nchr 12.03.12.07.12.05  11.81.11.80.11.81 11. 93
2 Filter 12.06.12.02.12.03  12.16.12.11.12.15 12. 09
3 | npi ner 12.01.12.04.12.04  12.29.12.32,12.26 12.16
3 FiltBr 12.08.12.06.12.05  12.09.12.09.12. 10 12. 08
3 | npi naer 12.02.12.05.12.05  11.43.11.38.11.45 11.73
3 Filter 12.02.12.06.12.03  12.08.12.05.12.02 12,04 1
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Appendi x VI

Sunmary of Sanpling Paraneters

Sampling  ~npling
Met hod Ftow at B
(I'pm
| mpi noer 11.82
Filter 12. 16
| mpnaer 11.79
Filter 12. 11
| npi nger 12.25
Filter 11. 99
| npi nger 11.93
Filter 12.09
| npi nger 12.16
Filter 12. 08
| npi nger 11.73
Flter 12. 04

42

Neh jlizer
Fluid Rate
(stock: diluent)

W w w w

ol s
~ N~

[

Tot al

Sanpl ed
(liters)

260. 04
267.52
259. 38
266. 42

269. 50
263.78
262. 46
265. 98

267.52
265. 76
258. 06

284,88

Vol ume

1

l
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Appendi x VI |
Equi prent Li st
Air Sanpling

Manostat d ove Box, part # 41-905-000

Camping Ring, (2 each), part # 41-905-320

Econony Sl eeve (3 ove (2 each), part # 41-905-544

General Electric Hgh Volune Sanpling Punp, Mdel 5KHLIOGGER105X,
Serial # 1090

Collison 3-jet Nebulizer, BA Inc., Part # CN 24

Sartorius 47 mmopen face menbrane filter hol ders

Costar Corp. 47 mmdiameter, 0.40 um pore size polycar-
bonate nmenbrane filters, part # 111107, lot # 1166

8. Lab Safety Supply Inc., 4" x 4" HEPA filters (2 each),

99.99%efficient for 0.30 umparticles, part # 7169,
ot # 2197 00000004 and 3020 00000005

PwhpE

~No o

9. AG-30 Inpinger, Ace G ass Co., part # 7540-10
10. Glabrator, Glabrator Instrunent Corp., Sensor Block Serial #
10838-S, Control Unit Serial # 6778-B

AODC Anal ysi s

1. Fisher Scientific @ass Mcroanalysis Filter Holder Assenbly with
Frit-d ass Support, Catal og # 09-753E

2. Poretics Corp. 25 mmdianeter, 0.20 um pore size, black polycar-
bonate nenbrane filters, part # 11021, |ot # AG3BK21AV15

3. Leitz Wetzlar Qtholux Il Fluorescent Mcroscope, Serial # 2523,
NPL Fluortar G| Imersion Lens, 160/0.17, 100/1.332 - 0.60

PCR Anal ysi s

1. EnviroAnp Legionella Sanple Preparation Kit, part #
h808-0088 _ o . .

2. EnviroAmp*''" Legionella PCR Anplification Kit, part #
N8F)8-0089 ) . )

3. ErwiroAnp*"' Legionella PCR Detection Kit, part # N308-
0090

Gel El ectrophoresis

1. International Biotechnologies Inc., Mlti-purpose Gel Electrophore-
sis System Mddel MPH, Catal og # 5200
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Appendi x VI I 1

Sequence and Priner Binding Sites for the 5S rRNA gene
of L. pneunophila (35,42)

5S rRNA CGene Sequence and Priner Binding Sites

bp5S bp=24
[ | i
5' - GECGACUAUAGCGAUUUGGAACCACCUGAUACCAUCUCGAACUCAGAAGUGAAAC

AUUUCCGCGCCAAUGAUAGUGUGAGGCUUCCUCAUGCGAAAGUAGGUCAUCGE- 3'

[ [
bp9O 1 bpl | 2
primer #2

primers bind at bp5 - 24 and bp91 - 112
target sequence: bp25 - 90
PCR product length: 108bp

Sequences for 5S rRNA gene Priners

Four primers, two of which are biotinylated are used in the
detection kit.

Primer 1. identical to position 5 to 29 of the 5S r RNA DNA

sequence

5" - GGCGACTATAGCGATTTGGAA - 3
5 - GGCGACTATAGCGGITTGGAA - 3

Primer 2: conplementary to position 91 to 112 of the 5S r RNA DNA

sequence

5 - biotin - GCGATGACCTACTTTCGCATGA - 3

5 - biotin - GCGATGACCTACTTTCACATGA - 3
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Appendi x | X

Sequence and Priner Binding Sites for the mp genes
of L. pneunophila (18,35)

m p Gene Sequence

primer #1

bp948 bp965
5'?GCATTéé!ECCE;;!$GEGGAAGAATTTTAAAAATCAAGECATAGATGTTAATCCGGAA
GCAATGGCTAAAGGCAT GCAAGACGCTATGAGT GGCGCTCAATTGGCT TTAACCGAACA

GCAAATGAAAGACGT TCTTAACAAGT TTCAGAAAGATTTGATGGCAAAGE- 3'

primers bind at bp948 - 965 and bpl 092 - 1115
target sequence: bp966 - 1091
PCR product |ength: 168bp

Primers for the L. pneunophila m p gene

Three prinmers, all of which are biotinylated are used in the
detection kit.

Primer 1. identical to position 948 to 965 of the L. pneunophila
mp sequence

5 - biotin - GCATTGGTGCCGATTTGG - 3

Primer 2: conplementary to position 1092 to 1115 fo the L.
pneunophila m p sequence

5 - biotin - GCTTTGCCATCAAATCTTTCTGAA - 3

5 - biotin - GITTTGCCATCAAATCTTTTTGAA - 3
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Appendi x X

Summary of Plate Count Data Determ ned by Air Sanpling

Sanpl i ng Cni nt CouTt Di lution Bacterial
Trial Met hod Dat a A ler«K Factor  Concentration
( CFUper aJ) (CFU per aJ) (CFU per 5ul)
! | npi nger 12.16, 9, 4, 8, 10 9.83 1.00 1.97 E+03
1 Filter 23,18,22,17,21,13 19. 00 1.00 3.80 E+03
1 | npl nger 0. 4, 2,2, 2,3 2.17 1.00 4. 33 E+02
1 FiltBr 1.3.4,3,5,4 3.33 1.00 6.67 E+02
2 | er| nger 4,3,3,4,7,3 4,00 1,00 8. 00 E+02
2 nitar 2,3, 50, 51 2.67 1.00 5.33 E+02
2 | npi nger 5,6.6,2,2,4 4.00 1,00 8.00 E+02
2 Filtsr 4,2,4,2,3.8 3.83 1,00 7.67 E+02
3 |nﬁi Wer 0,20 2 00 0.67 1.00 1.33 E+02
3 | 4,6,2,3,1.1 2.63 1.00 5.67 E +02
3 | npi nger 0,1.1.0,0.0 0.33 1,00 6. 60 E+01
3 Filtsr 1.1.0.0,0.0 0.33 1. 00 6. 60 E+01
Summary of AODC Data Deternined by Air Sanpling
Sanpl i ng AODCCr Mnt Cout Bacterial
Trial  Method Dat a i Mer age Correntratbn
(orgarisms per grid) (organisns per grid) (orgarHsmsper m)
1 I'nrpl nger 42, 40, 36, 43. 39.28. 34. 43 38 2.12 E+06
1 Filter 32, 45, 30, 31. 33, 40, 37. 30 35 1.94 E+06
1 | npi nger 31, 34, 30. 31, 31. 47, 47. 39 36 2.02 E +06
1 Filter 27,31.22. 29, 27. 40. 41. 22 30 1.66 E +06
2 [ nEi nger 29, 19. 23. 30. 19, 15. 24. 22 21 1. 19E+06
2 ilter 42,33.45.41.41.45.34. 37 40 2.21 E +06
2 | npi nger 36, 39, 34.43.34.29.29. 42 36 1.99 E +06
2 Filter 49,52. 42, 49, 49, 36. 45. 42 46 2.S3 E +06
3 ”LHi nger 31, 33,21, 28, 27,32. 37, 25 29 1. 63E+06
3 te 23,18, 24, 28, 19, 25, 25. 19 23 1.26 E +06
3 I'rrpinger 27,31.31,38.26.42.31.24 31 1.74 E+06
3 Filter 36, 31, 29, 32, 29, 43, 28, 37 33 1.85 E +06
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Appendi x Xl

Protocol for preparation of L. pneunophila air sanmples for PCR
anmplification (35)

1. Water sanples frommenbrane filter and inpinger sanples were
individually filtered through 25mm di anmeter, 0.45um pore size
Durapore HVLP nenbrane filters to capture bacteria.

2. Each filter containing trapped bacteria was placed into a 8 m
pol ypropyl ene tube containing 2 m of DNA Extraction Reagent

Composition of DNA Extraction Reage
20% (W' v) Chel ex™ 100 |n 10 mM Tris-HO, pH 8.0

a

b. 0.10 nmM EDTA

c. 0.10% Sodi um Azi de
d. final volune 100m

3. Each tube was capped and vortexed for 30 seconds to rel ease
bacteria trapped on or in filter matrix.

4. Each capped tube was placed in boiling water bath to all ow
l'ysing of cells and release of cellular DNA

5. Sample was now ready for PCR anplification
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Appendi x Xl |
Protocol for preparing Legionella PCR Reaction Tubes (35)

1. Add contents of tube containing Uracil-Nglycosylase (UNG
to Legionella PCR Reaction Mx; mx well by swirling.

PCR reaction m x conposition:

0. 07 uni ts/ul Anpli Tag DNA Pol yner ase
0.46 mM each of dUTP, dCTP, dATP and dGTP
77 MM Tris-HO, pH 8.9

77 mM Kd

4 mcronolar total of a combination of 7 oligonucleotide priners

Uracil N d ycosyl ase conposition:
1 unit/mcroliter of Uacil n-dycosyl ase

30 M Tris-HA, pH 7.5
150 mM Nadl

1 mM EDTA

1 mM DTT
0. 05% Tween*" 20

5% (v/v) glycerol

2. Add 65uL aliquot of Legionella PCR Reaction Mx™w UNG to

eachh ©f 50 autoclaved 0.50m thin-walled GeneAnmp Reacti on
Tubes.

3. Aliquot entire contents of PCR Reaction Mx w UNG at one
tine.

4. Place 3 drops of mineral oil, using dropper bottle provided,
into each tube.

5. Close cap on each tube.

6. Store tubes at -20° C until needed.
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Appendi x Xl I1
Protocol for PCR anplification of L. pneumophila air sanples (35)

1. Individual 20ul sanples of extracted DNA were added to tubes
containing 65ul PCR reaction mx with Uacil NG ycosylase (Comn
ponents of PCR Reaction Mx and Uracil n-Aycosylase listed in
Appendi X xx) .

2. Positive and negative control tubes were prepared by adding
20ul of Legionella pneurophila control DNA and distilled
water to 2 PCR Reaction tubes, respectively.

3. 15ul aliquots of 25mM Myd 2 added to each tube.

4. Tubes capped and placed in a thernmal cycler programmed for
the foll ow ng:
denaturation tenperature: 95° C
anneal ing tenperature: 63° C
extensi on tenperature: 72° C

5. Thermal cycler run for 30 cycles.
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Appendi x XI'V
DNA Thernmal Cycler Program (35)

1. program 3 linked files

2a. File XX STEP-CYCLE

Seg 1 Target tenp 45° C
Segnment tine 10 m nutes
Seg 2 Target tenp 95° C
Segnment tine 10 minutes
Seg 3 Target tenmp 0° C
Segnent tine 0 seconds
Cycle count 1

Aut o segnent extension = NO
Link to stored File XX + 1

b. File XX + 1 STEP-CYCLE
Seg 1 Target tenmp 95° C
Segnent tine 30 sec
Seg 2 Target tenp 63° C
Segnent tine 1 nminute
Seg 3 Target tenmp 0° C
Segnent time O sec
Cycl e count 30

Aut o segnent extension = NO
Link to stored File XX + 2

c. File 12 STEP-CYCLE
Seg 1 Target tenp 72° C
Segnent tinme 7 mnutes
Seg 2 Target tenp 0° C
Segnent tine O seconds
Cycle count 1

Aut o segnent extension = NO
Link to stored File X

note: if sanples are not going to be renoved i mediately,

link File XX + 2 to a Soak File at 72 degrees C or store at -20
degrees C
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Appendi x XV
Probe Sequences for

the Legionella 5S rRNA Gene (35)

A 1:1 mxture of two probes is used for detection of the 5S rRNA

gene. The probes hybridize to positions 66 to 82 of the Legi o~
nella 5S rRNA DNA sequence

Probe 1. 5 - (poly dT)* - GCGCCAATGATAGIGIG - 3'
Probe 2 5 - (poly dT)* - GOGCCGATGATAGIGIG - 3'

Probe Sequences for the
L. pneunophila mp Gene (35)

Probe: hybridizes to position 1012 to 1036 of the L. pneunophila
mp sequence

5 - (poly dT)* - CATAGCGTCTTGCATGCCTTTAGCC - 3

4;sequences hav a 5 tail of 100 dTs which serves to attach the

probe to the nylon menbrane while |eaving the sequence specific
probe region accessible for binding
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Appendi x XVI

Protocol for preapration of buffers necessary for
reverse dot-blot analysis (35)

1. Denaturati on Sol ution

Conbi ne 4 nd. 4.1 DTA (di sodi um et hyl -
eneam netetraacet C amde)1 with %I sUIFvagter to a f(?nax
vol une of 100m .

b. Store at 2 to 8° C.

2. Hybridization Solution

a. Dissolve any crystalline material present in the SSPE Concen-
trate Buffer and SDS Concentrate by warmng to 37 ° C, mx
often by swirling.

1. Conmposition and pH of SSPE Concentrate Buffer
a. 3.0 M Nad

625 nmM sodi um phosphat e
25 M EDTA

b
C
d. final volune 160m
e. final pH 6.2

2. Conposition of SDS Concentrate

a. 10% (wv) sodi um dodecyl sul fate in water
b. final volunme 20m

b. In a clean, autoclaved glass bottle of sufficient size to
contain 160m, conbine the follow ng reagents in order:

1. 32m SSPE Concentrate Buffer
2. 120mM distilled water
3. 8nl SDS Concentrate

c. Mx well and store at roomtenperature.

3. Wash Sol uti on

a. Dissolve precipitates in SSPE Concentrate Buffer and SDS

Concentrate by warmng to 37° C, mx often by swirling to
ensur e di ssol ution.
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b.

e.

In a clean, autoclaved glass bottle of sufficient size to
contain 1 liter, combine follow ng reagents in order:

1. 100m SSPE Concentrate Buffer
890mM distilled water
3. 10nil SDS Concentrate

N

c. Mx well and store at roomtenperature.

4. Chromagen Sol ution

a. Bring bottle containing 60my of Chromagen powder (3,3',5,5
t et ranethyl benzi di ne (TI\/B)% to roomtenperature.

b. Dissolve powder by slowy adding 30n of roomtenperature 100%
reagent grade ethanol.

c. Recap bottle and seal with Parafilm.

d. Shake the bottle on an orbital shaker for 30 minutes at room
tenperature to solubilize all of the powder.

Store at 2 to 8° C
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Appendi x XVI |
Protocol for reverse dot-blot analysis (35)

1. Heat a shaking water bath to 55 +/- 1° C, water |evel should
be 1/4 to 1/2 inch above shaking platform

2. Heat a stationary water bath to 37 +/- 2° C, warm Hybri di za

tion and Wash sol utions i n bath.

3. Add 32ul of Denaturation Solution to each tube of PCR product;
use a clean pipet tip for each sanple; m x well and mcrocentri -
fuge tubes for 5 seconds.

4. Label one Legionella Detection Strip for each sanple to be
anal yzed with a waterproof nmarking pen; place one | abeled strip
per well face-up in the Hybridization Tray.

5. Pipet 3nm of pre-warned Hybridization Solution into each well
containing a Detection Strip.

6. Tilt Hybridization Tray slightly so Hybridi zati on Sol uti on
flows toward Legionella [|abel on strip; do not spill any liquid.

7. Transfer 50ul of sanple to the center of each well containing
Hybri di zati on Sol uti on.

8. Place the clear plastic |id on the Hybridization Tray; m X
carefully by rocking back and forth; place tray in 55° shaking
wat er bath; incubate at 55° for 20 +/- 1 nminute.

9. Prepare dilution of Enzynme Conjugate in Wash Sol uti on.

a. Add 3.1m of pre-warnmed Wash Sol ution for each strip
bei ng anal yzed to autocl aved gl ass fl ask.

b. Add 26ul of Enzyne Conjugate (Streptavidin-Horseradi sh
Peroxi dase in buffer) for each strip to the same flask

c. Mx well by swirling;, store at 37° C

d. This dilution should be prepared no nore than 15 m nutes
bef ore use.

10. After hybridization, renove tray frombath, tip tray at
slight angle and aspirate contents of each well |eaving the strip
in each well; wpe tray lid with |ab w pe.
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11. Add 3m of diluted Enzyne Conjugate in Wash Solution to each
well containing a strip; cover with Iid and place in 55° C
shaki ng water bath for 12 +/- 1 m nute.

12. After incubation is conplete, renmobve tray from bath, renpve
lid fromtray, tip tray slightly and aspirate contents of each
well; leave stripin well; wipe lid with |ab w pe.

13. Dispense 10m of pre-warnmed Wash Solution into each well;

cover with Iid; place in 55° C shaking water bath for 10 +/- 2
m nut es.

14. Renpve the tray fromwater bath, renove the lid the from
tray, and aspirate the solution fromeach well; |eave each strip
inits well; wipe lid with [ ab wi pe.

15. Dispense 5m of pre-warnmed Wash Solution into each well;
cover with Iid and place on orbital shaker at room tenperature for
5 minutes at 50 rpm

16. Renove tray from shaker, renove |lid fromtray and aspirate
wells; wipe lid with | ab wi pe.
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Appendi x XVI |1
Protocol for color devel opnent procedure (35)

1. Dispense 10m of 100 nMCitrate Buffer, pH 5.0 into each well;
cover tray with Ilid and place tray on an orbital shaker at room
tenperature for 5 +/- 1 minute at 50 rpm

2. Prepare Col or Devel opment Solution (CDS) by adding the foll ow
i ng conponents sequentially; 5m required for each strip.

a. # of strips x 5m 100 nMM Citrate Buffer
b. # of strips X 5ul 3% Hydrogen Per oxi de
c. # of strips X 0.25nm Chromagen Sol ution

3. Mx CDS by swirling; do not vortex; cover with al un num foil
to protect fromlight.

4. Renove Hybridization Tray fromorbital shaker; renove |lid and
aspirate solution fromeach well.

5. Add 5m of freshly prepared CDS to each well; dover Hybridiza-
tion Tray with Iid and alum numfoil; develop at roomtenperature
by shaking on an orbital shaker for 30 +/- 2 minutes at 50 rpm

6. Renove Hybridization Tray fromthe orbital shaker and aspirate
the solution fromeach well .

7. Stop devel opnent by adding 10nl of deionized water to each
wel | ; cover Hybridization Tray with lid and alum numfoil; place
on orbital shaker at 50 rpmfor 5 to 10 mi nutes.

8. Repeat steps 4 and 5 for a mnimum of three washes.

9. Interpret the results on the strips using the guidance in the
manual acconpanying the EnviroAnp Legionella PCR Detection Kit.

10. Devel oped Detection Strips should be photographed wet to
provi de a permanent record; after air drying Detection Strips can
be stored by placing themon filter paper and conpletely covering
themw th cel |l ophane tape.
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Appendi x Xl X

Protocol for preparing gel electrophoresis buffers:

To prepare 1 liter of 50x Tris acetate, EDTA (TAE) buffer:
1. In an autoclaved 1 liter Erlenneyer flask conbine:

a. 121. Qg tris base
b. 61.7g sodium borate

c. 7.44g Nag- EDTA

2. Add distilled water to bring the final volune to 1 liter.

3. Store at roomtenperature until ready for use.

To prepare | x TAE buffer:

In an autoclaved 1 liter Erlenneyer flask conbine:

a. 20mM 50x TAE buffer
b. 980m distilled water
To prepare 10m of gel |oading buffer:

1. Conbine the following in an autoclaved vessel sufficient to
hol d 10m

a. 5m 100% d ycer ol
b. 200ul 50x TAE buffer
c. 1nml bronophenol bl ue

2. Add distilled water to bring the final volune to 10m .

3. Store at roomtenperature until ready for use.
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Appendi x XX

Protocol for preparing DNA marker and PCR product for anal ysis by
gel el ectrophoresis:

DNA Mar ker

a. Conbine the following in a 1.0n pol ypropyl ene reaction tube:

1. 1.0ul mar ker DNA
2. 14. Oul I x TAE buffer
3. 2.20ul | oadi ng buffer

PCR Pr oduct

a. Conbine the following in a 1.0m pol ypropyl ene reaction tube:

1. 15ul PCR Product; avoid transfer of m neral oi
2. 2.20ul | oading bufi?r

Spin all tubes in a mcrocentrifuge for 5 seconds to thoroughly
m x the components.
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Appendi x XXl

Protocol for analysis by gel electrophoresis (35)

1. A 50x stock solution of Tris acetate, EDTA (TAE) buffer was
pr epar ed.

2. A 2% agarose gel was prepared by conbining 2g of el ectrophore-
sis grade agarose and 100m of Ix TAE buffer; mxture was then
autoclaved for 6 mnutes at 121 degrees C and 15 psig.

3. The agarose/ TAE buffer mixture was cooled to 50 degrees C
(approximately 10 minutes in a 50 degree C water bath).

4. The entire 100m volunme of agarose/ TAE buffer m xture was
poured into a | evel ed nedi um si ze gel el ectrophoresis box; the
gel conmb was placed into the |iquid agarose.

5. The gel was cooled for 20 mnutes to allow solidification.
6. Sufficient Ix TAE buffer (approximately 1000m ) was poured
into the gel box to cover the entire surface of the gel; the conb

was carefully renpoved.

7. 17.2ul quantities of marker DNA, positive and negative contro
product, and sanpl es PCR product were added to individual |anes

8. The |l ane nunbers containing individual PCR product sanples
wer e recorded.

9. Electrical current (approximately 5.0 mAnps) was supplied to
the gel for 90 m nutes.

10. After 90 mnutes the current was termnated and the gel was

renoved fromthe gel box and placed in a solution containing
et hi di um brom de (concentration xx ng/m in dHo) for 6 to 7

m nut es.

11. The gel was destained by washing 3 tinmes in distilled water.

12. The gel was viewed using an ultraviolet light to fluoresce
the stained PCR product contained in the gel.

13. A Pol aroi d snapshot was taken of the fluoresced gel to be
nmei ntai ned as a permanent record.
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