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ABSTRACT

Legionella pneumophila is a gram-negative bacterium that can cause two types of human
illness, Legionnaires’ disease and Pontiac fever. The goal of this study was to determine the
sequence types (STs) for several L. pneumophila isolates collected in western Pennsylvania and
compare them to STs from other geographic areas. Investigating ST of L. pneumophila can help
to establish control measures and determine sources of outbreaks, both of which are of great
public health significance. Environmental and patient samples were collected in Pittsburgh and
Erie, Pennsylvania from October 2013 through December 2014. Sequence-based typing (SBT)
was conducted to determine the sequence type of L. pneumophila present in the samples. Out of
the nine STs that were identified in western Pennsylvania, five were novel. The known STs
found in this study were ST 8, 986, 154, and 1941. When compared to similar SBT studies done
in Portugal, Canada, England, and Spain, the results of the Pittsburgh study proved to be unique
due to the identification of the five novel STs. The known STs found in the study were also not
commonly found in investigations in other geographic areas. Overall, the results from the
Pittsburgh investigation indicate environmental and patient isolates from western Pennsylvania

have a unique ST compared to other isolates of L. pneumophila from around the world.
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1.0 INTRODUCTION

Legionella pneumophila is a non-sporulating, gram-negative bacillus that can be found in
the environment or in artificial reservoirs, specifically in water sources (1). L. pneumophila may
be found in hot tubs, cooling towers, hot water tanks, showerheads, air conditioning systems,
humidifiers, and large plumbing systems (2,3,4). L. pneumophila grows best in temperatures
ranging from 20°- 60 °C, and in the presence of nutrients such as sediment, scale, sludge, and
biofilm (1). For these reasons, L. pneumophila tends to grow more efficiently in artificial
environments as opposed to natural environments.

L. pneumophila can cause two forms of infection in humans, Pontiac fever and
Legionnaires’ disease. Legionnaires’ disease is a severe form of pneumonia caused by the
bacterium. A milder infection can lead to a non-pneumonic flu-like illness known as Pontiac
fever (5).

Legionnaires’ disease was named after a point-source outbreak in Philadelphia at a
convention hosted by the American Legion in 1976 (6). L. pneumophila can be transmitted via
inhalation of aerosolized contaminated water droplets, however infection is not transmissible
from person to person (7,8). The average incubation period for Legionnaires’ disease ranges
from 2-10 days (7,9). Most healthy individuals will not become infected with L. pneumophila
after being exposed. However, risk factors associated with infection have been identified

including smoking or a history of smoking, chronic heart of lung disease, cancer or hematologic



malignancy, a weakened immune system, and use of steroids or immunosuppressive therapy (3).
In addition, males and the elderly are at higher risk of becoming infected after being exposed (3).

It is estimated that Legionnaires’ disease is responsible for up to 30% of community-
acquired pneumonia infections that require admission to an intensive care unit worldwide (10).
The proportion of community—acquired pneumonias that results in a severe pneumonia is higher
for Legionnaires’ disease than for other causes. Therefore, there is a higher mortality rate
associated with pneumonia from Legionnaires’ disease, making it of great public health
significance. Continued research into Legionnaires’ disease and L. pneumophila infections may
allow public health professionals to reduce the risk of infection and lower mortality in patients
with this disease.

Studies have shown that pathogenesis and ecology of Legionella are intrinsically related.
Consequently, different areas of the world have case-fatality rates. The United States and
Australia have similar case-fatality rates. There is a case-fatality rate of 14% for nosocomial
infections and 5-10% for community-acquired infections. When comparing this to Europe, it can
be seen that the overall case-fatality rate is around 12% (10).

The exact prevalence of infection with L. pneumophila and the prevalence of the
bacterium in the environment worldwide is not known (10). This is due in part to inconsistencies
in both detection and reporting of L. pneumophila findings between countries. There are different
methods used to determine infection, and some countries do not perform extensive investigations
when outbreaks occur. Another reason prevalence is unknown is due to the ability for some
serotypes of L. pneumophila to go undetected in soil.

The European Working Group for Legionella Infections (EWGLI) developed a

standardized sequence-based typing (SBT) scheme for characterizing L. pneumophila (11).



Although SBT is not the most discriminatory epidemiologic method, it has been shown to
produce rapid results with excellent inter-laboratory reproducibility at a lower cost compared to
whole genome sequencing and it is also an easier method to perform (12, 13, 14). SBT requires
the use of the polymerase chain reaction (PCR). PCR amplifies genomic DNA by using two
short DNA molecules, called forward and reverse primers, that adhere to a target sequence of
DNA. A DNA polymerase enzyme binds to the sequence-specific primer: template complexes
and uses DNA nucleotides to synthesize new strands of DNA. Multiple rounds of amplification
result in generation of many copies of the targeted genomic DNA. The DNA sequence of these
amplified molecules can then be determined by other enzymatic reactions. SBT for L.
pneumophila requires amplification and sequencing of 7 loci (15). Two of the loci are
housekeeping genes (asd and neuA), and the other five loci are genes associated with virulence
(filC, pilE, mip, proA, and mompS) (15). Once the DNA sequences of these PCR-amplified genes
have been determined, they can be entered into an online database
(http://bioinformatics.phe.org.uk/legionella/legionella_sbt/php/sbt_homepage.php), which will
assign an allele number. The allelic profile obtained from these seven genes defines a sequence
type (ST) (16). STs are used to track the spread of L. pneumophila strains during an outbreak.
STs will differ if there is even a single nucleotide polymorphism (SNP) between isolates. SNPs
are the most common type of genetic variation that occur when one DNA base pair has been
substituted for another (17).

Bacteria have a few different mechanisms in which they can exchange genetic material.
Conjugation is when one bacterium connects to another to pass on genetic information (18). This
process starts when the donor cell contacts a specific receptor. The receptor is on a cell that does

not have the conjugative plasmid, which will be transferred. The genes that will be transferred



are on what is known as the tra operon. The tra operon encodes proteins that will construct a
pilus. The pilus is a protein tube that will extend outside of the donor cell. The pilus will form a
channel between the cells to share genetic information from the donor cell to the recipient cell.
After conjugation is completed, the recipient cell will become a new donor cell.

Transduction is another way bacteria can share genetic information. In this process,
genetic information is transferred by means of a virus, also known as a phage (18). The phage
can insert its DNA into a recipient cell. This will then modify that cell’s genome to incorporate
the new material.

The last mechanism for genetic exchange that will be discussed is transformation. This is
when bacteria get the new DNA from the surrounding environment (18). DNA from the donor
cell is released into the environment. It is then absorbed and incorporated into the recipient cell’s
genome. Collectively, these mechanisms of horizontal and lateral gene transfer have the potential
to transfer large segments of bacterial genetic material at one time, which would be detected as
substantial ST differences if they involved any of the genes used for SBT.

The aim of this study was to determine the STs of 56 L. pneumophila isolates collected in
Western Pennsylvania, and to compare these results to STs of L. pneumophila from other similar
investigations done worldwide. For this investigation, it was hypothesized that L. pneumophila
isolated from certain environmental and patient samples from the Pittsburgh area would be

genetically distinct compared to other isolates of L. pneumophila from around the world.



2.0 METHODS

The current study focused on identification of L. pneumophila in both environmental and
patient samples taken from hospitals in the Pittsburgh and Erie area, and compared the results to
other samples of L. pneumophila worldwide. SBT was used to determine the genetic relationship
among isolates collected in western Pennsylvania and to compare them to STs from other
geographic regions to determine if any unique STs were identified.

L. pneumophila isolates were collected by the hospital system’s clinical microbiology
laboratory from October 2013 through December 2014 from six member health care institutions
in Western PA. For the purpose of this study, the institutions have been named Hospital A, B, C,
D, E, and F. Hospitals A, B, D, E, and F lie within a ten mile radius of one another. Hospital C is
located approximately 130 miles from the hospitals in Pittsburgh. Isolates were cultured from 51
environmental and five patient sources. A majority of environmental isolates were collected from
showers, faucets, sinks, hot water supply lines, and ice machines. Of the patient isolates, three
isolates came from bronchioalveolar lavage (BAL) and two isolates were collected from sputum
(SPU) samples. More information on isolates can be found in Table 1.

The study had a sample size of 56 isolates. Of these isolates, two were found not to be L.
pneumophila, five were patient isolates, and 49 were environmental isolates. The two samples
that were identified as non-Legionella were found to be contaminants of the cultures done at the

beginning of the study. The study sample included 45 isolates from Hospital F, one isolate from



Hospital D, four isolates from Hospital C, one isolate from Hospital A, one isolate from Hospital
B, and four isolates from Hospital E.

The sequence-based typing (SBT) protocol for molecular epidemiological typing of L.
pneumophila (Version 5.0) was followed (16). Genomic DNA was extracted using a NucliSENs
easyMAG system following manufacturer’s instructions using off-board lysis (bioMérieux,
Durham, NC). PCR for SBT was performed as described by the EWGLISBT (SBT)
Database for Legionella using AmpliTaq Gold DNA Polymerase (Applied Biosystems, Grand
Island, NY).

PCR primers targeting seven gene loci (flaA, pilE, asd, mip, mompS, proA, and neuA)
were used for amplification (Table 2). There were some cases of failed amplification of the neuA
locus, in which the neuAh protocol for this known phenomenon was followed (16, 19). A second
set of primers was designed for the flaA loci. This primer was named filC and used in addition to
the forward primer for flaA. New filC primers were designed using PrimerSelect software
(DNAstar, Madison, Wisconsin) using GenBank reference genome NC_002942.5. The filC gene
is located at positions 1478004-1479758 in this reference genome sequence. The total product
length of the filC PCR product obtained using the new primers is 1578 base pairs. The filC
primer sequences were filC forward CCATCAACCGAGGTATAAAGAAAT and filC reverse
TCGGGTACAGTAAATTCACAACAA (Table 2).

PCR products were purified by polyethylene glycol (PEG) precipitation, and pre-
processed for DNA sequencing by incubation with the enzymes provided in the Exo-Sap It kit
(Affymetrix, Santa Clara, CA). These enzymes remove any unincorporated PCR primers and
dNTPs remaining after the PCR itself, as these would impede the subsequent sequencing

reaction. Sanger DNA sequencing was performed with the BigDye Terminator v3.1 Cycle



Sequencing Kit according to manufacturer’s instructions, using the same PCR primers described
on the EWGLI website (16). Sequencing products were detected by capillary electrophoresis
using an Applied Biosystems 3730xI Genome Analyzer and the data were analyzed using
DNAstar Lasergene SeqMan Pro software (v.12; DNAstar, Madison, WI). Sequence alleles and
sequence types (ST) were determined by querying the EWGLI SBT database.

A minimum spanning tree (MST) (Figure 1) was created to visualize the SBT data and
show genetic linages among isolates. MST analysis was performed using BioNumerics software
version 6.6 (Applied Maths, Austin, Texas), using the predefined MST for categorical data
template (Figure 1). A clonal complex (CC) was defined by having < 2 locus variants (20).

Use of the previously published reverse primer for one of the loci, flaA, resulted in many
failed amplifications. Therefore, a new reverse primer, filC was created and used with the
forward primer for flaA to perform successful amplification and sequencing using filC along with

flaA. These primers differ in positions of the primers, fragment size, and primer sequence.



3.0 RESULTS

A total of nine STs of L. pneumophila were identified in this investigation, of which five
were new STs. These new STs were named A, B, C, E, and F. ST 1941 was identified as ST D at
the beginning of the current study, but was declared to be ST 1941 by the EWGLI before the end
of the investigation. The known L. pneumophila STs found in this study were ST 8, 986, 154,
and 1941. Out of a total study sample size of n=56, 2 isolates were in fact contaminants of the
cultures and subsequently identified as non- Legionella (LEG 6 and 14), 49 isolates were
environmental isolates and 5 isolates were from patients. All patient isolates were collected from
respiratory samples. Of the isolates collected from patients, sample LEG 11 and sample LEG 12
are genetically related in that the sequences are the same at all seven loci and were grouped into
ST F. However, isolates 11 and 12 are different at all seven loci compared to the other three
patient isolates. These isolates, LEG 13, 17, and 25 were grouped into ST C.

Figure 1 shows the MST based on ST. There were three predominant clusters. ST F was
the most prevalent of the nine ST identified. Isolates from ST F consisted of 14 environmental
isolates collected from Hospital F, one environmental isolate from Hospital B, one
environmental isolate from Hospital A, and two patient isolates collected from BAL samples at
Hospital F. Eleven environmental isolates collected at Hospital E and Hospital F comprise the
ST154 CC (Figure 1, green outline). The ST8 CC is comprised of 13 environmental isolates and

three patient isolates (Figure 1, pink outline). Most of the isolates in this cluster fall under ST 8,



but it is important to note ST C because this is where the patient isolates can be found. There is
only a difference of a single SNP between ST 8 and ST C. This SNP is found in the asd locus at
allele 3. There is a difference of a thymine (T) nucleotide base when there is expected to be a
cytosine (C) nucleotide base at the base pair position 226.

Environmental isolates from Hospital C belong to ST E. This ST was not closely related
to any other ST found in the study. A single environmental isolate from Hospital F belonged to

ST 1941 (LEG15). ST 986 also had a single isolate.



40 DISCUSSION

In this study, there were five new STs, ST A, B, C, E, and F, that had not been seen
before, according to the EWGLI website. The results of the new STs have been submitted to
EWGLI with assignments pending.

In general, the STs of the Pittsburgh study are unique when compared to other studies
done worldwide (Table 3). A Portuguese study of the genetic diversity of clinical isolates of L.
pneumophila resulted in identification of 25 different ST profiles (21). An outbreak investigation
done in West Midlands, England in 2012 resulted in a single ST, which was found to be ST1268
(22). In a similar outbreak investigation conducted in Barrow-in Furness, Cumbria, England
there was also just a single ST found, which was identified as ST78 (23). In a separate outbreak
investigation performed in Comunidad Valenciana, Spain, there were distinct STs identified
from both clinical and environmental isolates (24). There were eight known STs found in the
Spanish study, as well as a few unique, previously unidentified STs. A 2012 outbreak
investigation of L. pneumophila in Quebec City, Canada resulted in identification of five
different STs (25). When comparing the results of these previous studies to the current study
conducted in Pittsburgh, there was no overlap between the previously identified STs in other
studies and STs found in the Pittsburgh study. This shows that the prevalent STs found in
Western PA are not common among other areas where L. pneumophila has been studied using

SBT. While the exact prevalence of various STs are unknown, the results of this study show that
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a distinctive set of STs is present in Western PA, and that these STs do not appear to be found
anywhere else.

When compared to other investigations of L. pneumophila, ST 1 is the most prevalent ST
identified from both clinical and environmental isolates worldwide (26). Most of the studies done
outside of Western PA identified isolates that were ST 1. The study done in Western PA did not
contain ST 1 or any other STs that were similar to other investigations done recently worldwide.
There were also five previously unidentified STs found from the study conducted in Pittsburgh.

In addition to having a unique set of STs, in most cases, there were no ST trends between
the environmental sources such as the isolates from ice machines being in one sequence type or
the isolates from sinks being in one sequence type. The exception to this was the isolates
collected from Hospital C, which were all collected from sinks or faucets (Table 1).

The isolates from Hospital C are unique compared to the other isolates in this study,
which could be due to the water source for the Hospital C being on a different water system
compared to the other hospitals in the study. Hospital C is located in Erie, PA, which has a water
supply from Lake Erie (27). This water source is different than the rest of the hospitals in the
study, which are located in Allegheny County and get water from the Allegheny River (28).
Water sources that are this far apart would be expected to have some different types of L.
pneumophila, given that some STs are localized and others, such as ST 1, are seen worldwide
(26).

Isolates LEG 13, 17, and 25, were patient samples that were found to only have one SNP
difference compared to the environmental isolates from ST 8. Though it is impossible to

determine the exact environmental source that caused the patient infections, with a difference of
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only one SNP, there is a strong association between isolates LEG 13, 17, and 25 and the
environmental sources in ST 8 from Hospital F.

While SBT is currently used as a way to investigate outbreaks of Legionella, it does limit
the results of studies that use it in that SBT describes genetic linages only as opposed to whole
genome sequencing that can determine the entire genome of organisms. Even though SBT is
relatively cheap and produces fast results, it is not the most discriminatory method when
compared to whole genome sequencing. Whole genome sequencing would be able to
differentiate STs among different hospitals. For example in ST F, isolates from Hospitals A, B,
and F are all clustered together. While they might have similar STs, a difference would be
expected among them since samples were obtained from three different institutions. Some of the
isolates from the study have been sent out for whole genome sequencing, which will be

completed at a later time in 2015.
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5.0 CONCLUSIONS

For the environmental isolates, we can conclude Hospital C has a unique ST that could be
due to the location of the hospital. ST F included the largest number of isolates, and had isolates
from three different hospitals, all located in Allegheny County. Isolates in ST 8, ST A, ST B, and
ST C are all related by two or less locus variations. Isolates in ST 986 and ST 154 are also
related by a single locus variation. The prevalence of environmental isolates belonging to ST 8
and ST 154 CC from multiple locations in Pittsburgh suggests that these L. pneumophila genetic
lineages are present in the Allegheny County water system.

While ST 8, ST 986, ST 154, and ST 1941 have been previously identified, they appear
to not be highly prevalent in other recent outbreak investigations. To the best of our knowledge,
ST A, ST B, ST C, ST E, and ST F are entirely unique to the Western Pennsylvania area. This
demonstrates that environmental and patient isolates from the Western Pennsylvania area have a
unique ST compared to other isolates of L. pneumophila worldwide. With this finding, more is
known about the molecular epidemiology of L. pneumophila, which can be used in the future to
better understand how the bacterium is spread worldwide. It is of great public health significance
to know and understand as much as possible about L. pneumophila because it causes both

community-acquired pneumonias and nosocomial pneumonia.
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APPENDIX: TABLES AND FIGURE

F. 1EG1 LEG31
LEG4 LEG32
LEG9 LEG33
LEG10 LEG34
LEG11 LEG47
LEG12 LEGS52
LEG29 LEGS5
EG30 LEGS6

986  Hospital A ©
Hospital B @
Hospital C @
Hospital D @®
Hospital E @

154 Hospital F ¢

Environmental Sample
p Patient Sample

1941

Circles represent a unique genotype. The sizes of circles are proportional to the number of
isolates. The lines connecting the sequence types show the number of locus variants. Colored
clusters represent clonal complexes.

Figure 1. Minimum Spanning Tree for L. pneumophila SBT.
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Table 1. Isolate information including allelic profile, culture date, source, submitter, and
additional comments.

Isolate | flaA | pilE | asd mip mompS proA | neuA ST CultDate | Source | Hospital | Source of Sample
19 25 25 33 49 28 225 | F 7/14/14 @ ENV F Faucet
2 1 4 16 1 1 1 9 B 1/30/14 ENV F Ice Machine
3 11 14 16 16 15 13 2 154 5/29/14  ENV F Shower
4 19 25 25 33 49 28 225 | F 11/8/14 ENV F Ice Machine
5 1 4 16 1 1 1 9 B 5/30/14  ENV D Pitt Shower
7 1 4 3 1 1 1 9 8 8/14/14 = ENV F Sink
8 19 25 25 33 49 28 225 | F 7/11/14  ENV B Ice Machine
9 19 25 25 33 49 28 225 | F 7/25/14  ENV F Sink
10 19 25 25 33 49 28 225 | F 8/15/14  ENV F Exam Room
11 19 25 25 33 49 28 225 | F 10/24/13 = BAL F
12 19 25 25 33 49 28 225 | F 12/5/14 BAL F
~3 subcultured from
(C22 agar slant; copy
13 1 4 6T) 1 1 1 9 Cc 6/13/14 SPUT F of LEG25
15 12 8 11 15 20 12 2 1941 7/31/14 F
16 11 14 16 16 15 13 2 154 2/19/14 F
~3
(C22
17 1 4 6T) 1 1 1 9 C 6/14/14 BAL F
18 11 14 16 16 15 13 2 154 717114 ENV F Sink Faucet
19 11 14 16 16 15 13 2 154 717114 ENV F Sink Faucet
20 23 12 31 6 14 31 220 | E 7/11/14  ENV Cc Sink Faucet
21 23 12 31 6 14 31 220 | E 7/11/14  ENV Cc Faucet
Ice Machine
22 1 4 3 1 1 1 9 8 12/24/13 ENV F Reservoir
23 1 4 16 1 1 1 9 B 1/22/14  ENV F Ice Machine
24 11 14 16 16 15 13 2 154 F
~3 subcultured from
(C22 agar plate; copy
25 1 4 6T) 1 1 1 9 Cc 6/13/14 SPUT F of LEG13
26 11 14 16 16 15 13 2 154 717114 ENV F Sink Faucet
27 11 14 16 16 15 13 2 154 712114 ENV E Sink Faucet
28 1 4 16 1 1 1 9 B 8/18/14 ENV F Water Line
29 19 25 25 33 49 28 225 | F 8/18/14 ENV F Sink
30 19 25 25 33 49 28 225 | F 8/26/14 ENV F Water Line
31 19 25 25 33 49 28 225 | F 9/30/14  ENV F Shower
32 19 25 25 33 49 28 225 | F 8/29/14 ENV F Water Line
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Table 1 Continued

33 19 25 25 33 49 28 225 | F 8/29/14  ENV F Sink Water
34 19 25 25 33 49 28 225 | F 8/29/14 ENV F Sink Faucet
35 19 25 25 33 49 28 225 | F 8/29/14 ENV A Ice Machine
36 11 14 16 16 15 13 2 154 10/1/14 ENV F Sink Faucet
37 1 4 3 10 1 1 203 | A 9/26/14 ENV F Shower

38 1 4 3 1 1 1 9 8 9/11/14  ENV F Sink Faucet
39 23 12 31 6 14 31 220 | E ENV C Sink

40 23 12 31 6 14 31 220 | E ENV C Sink

41 1 4 3 1 1 1 9 8 ENV F Shower

42 1 4 3 1 1 1 9 8 ENV F Sink

43 11 14 16 16 15 13 2 154 ENV E Sink

44 11 14 16 16 15 13 2 154 ENV F Shower

45 1 4 3 1 1 1 9 8 ENV F Water Line
46 11 14 16 16 15 13 2 154 ENV E

47 19 25 25 33 49 28 225 | F ENV F

48 1 4 3 1 1 1 9 8 ENV F

49 1 14 16 16 15 13 2 986 ENV F Sink Water
50 11 14 16 16 15 13 2 154 ENV F Sink Water
51 11 14 16 16 15 13 2 154 ENV E

52 19 25 25 33 49 28 225 | F ENV F Sink Water
53 11 14 16 16 15 13 2 154 F

54 1 4 3 10 1 1 203 | A 12/23/14 F

55 19 25 25 33 49 28 225 | F 12/23/14  ENV F

56 19 25 25 33 49 28 225 | F 8/18/14 ENV F Water

ENV=Environmental
SPUT= Sputum
BAL-= Bronchioalveolar lavage

16



Table 2. This table represents the genes used in this study as well as the primer
sequences used for DNA amplification and sequencing.

Gene Primer Sequence (5°-3’)

flaA F GCG TAT TGC TCAAAATAC TG

flaAR CCATTAATCGTTAAGTTG TAG

pilE F CAC AAT CGG ATG GAACAC AAACTA
pilE R GCT GGC GCACTCGGTATCT

asd F CCCTAATTGCTCTACCATTCAGATG
asd R CGAATGTTATCT GCG ACT ATC CAC
mip F GCT GCA ACC GAT GCC AC

mip R CAT ATG CAAGACCTG AGGGAAC

mompS F TTG ACC ATG AGT GGG ATT GG
mompS R TGG ATA AAT TAT CCAGCCGGACTT C

proA F GAT CGC CAATGC AAT TAG

proAR ACC ATA ACATCA AAA GCC

neuA F CCG TTC AAT ATG GGG CTT CAG
neuA R CGATGT CGATGG ATT CACTAATAC
filCF CCATCAACCGAGGTATAAAGAAAT
filCR TCGGGTACAGTAAATTCACAACAA

The primers shown in this table were previously established and routinely used for SBT
of L. pneumophila, with the exception of filC, which was used in addition to flaA primers(15).

17




Table 3. This table shows the sequence types (STs) from the studies done using SBT worldwide.

Place of Investigation Sequence Type (ST)

Western PA ST 8, ST 154, ST 986, ST 1941, ST A, ST B,
STC,STE,STF

Portugal ST 1,ST 16, ST 20, ST 22, ST 23, ST 37, ST

42, ST 44, ST 62, ST 75, ST 94, ST 98, ST
99, ST 100, ST 101, ST 102, ST 103, ST 146,
ST 172, ST 173, ST 174, ST 436, ST 785, ST
1009, ST 1010

West Midlands, England ST1268

Barrow-in Furness, Cumbria ST78

Comunidad Valenciana, Spain ST 1, ST 48, ST 301, ST 1146, ST 1393, ST
1394, ST 1396, ST1397, others (unidentified)

Quebec City, Canada ST 1, ST 62, ST 150, ST 213, ST 284
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