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Abstract

Cryptosporidium is a parasitic protozoa of concern for drinking water treatment. With
the Philadelphia Water Department, the Wissahickon Creek watershed was studied
because of it a source for Philadelphia’s drinking water. The purpose of this study is
to determine the species and genotypes of Cryptosporidium found in the watershed
for source identification. Two water locations, three wastewater effluents, and animal
fecal sampling occurred from August 2006 through March 2008. The samples were
processed with IMS and PCR before sequencing and phylogenetic analysis to identify
genotypes. About 20 % of the water samples and 10 % of the wastewater effluents
were positive for Cryptosporidium. It was also detected in 9 geese, a calf, a deer, a
raccoon, and an unknown animal. A total of 12 genotypes were found, with mostly
human and wildlife sources. Human health risk is present with C. hominis and C.
parvum, found in 37.5% of the sequences, with geese as a main source of these two
genotypes. Some seasonal distribution can be seen. All C. hominis occurred after
reported outbreak in Montgomery County in the summer of 2007. In addition, the
method for preparing fecal samples was optimized for best recovery of oocysts by
testing three procedures: the current protocol of settling and removing middle
suspensién, adding Tween 80 and kaolin to the current protocol, and filtering through
gauze. All procedures tested had low recoveries(less than 15%), but the current
protocol or adding Tween 80 and kaolin were best. More testing with varying

parameters is needed to find which method is best.



1. Wissahickon Creek Source Tracking

1. Background

1.1 Objective

To determine the species and genotypes of Cryptosporidium found in the

Wissahickon watershed for source identification and evaluation of human health risk.

1.2 Cryptosporidium

Cryptosporidium is a parasitic protozoa which causes cryptosporidiosis, a diarrheal
disease that is especially dangerous for immunocompromised people.
Cryptosporidiosis infections range from being asymptomatic to resulting in mortality.
Common symptoms include watery diarrhea, dehydration, nausea, vomiting, fevér,
and weight loss. There is no medical cure for cryptosporidiosis. Cryptosporidium has
been found all over the world and in a growing list of animal hosts. (Center for
Disease Control) The largest outbreak recorded was in Milwaukee, Wisconsin in

1993, when 403,000 people were infected and 100 people died. (Fayer 2008)

Cryptosporidium’s infectious form is an oocyst, a thick walled spore stage of its life-
cycle. Oocysts are released into the environment by the feces of infected hosts and
can survive in this form for long periods of time before ingested by a new host.

Treating drinking water for Cryptosporidium is a growing concern for human health.



Waterborne transmission of Cryptosporidium is the focus of this project, but
zoonotic, person-to-person, and foodborne transmission also leads to infection. (Xiao

& Ryan 2004)

Cryptosporidium is a pathogen of concern in terms of drinking water because it is
resistant to chlorine disinfection. The small size of an oocyst also eliminates filtration
as a sole treatment option. Ultra-violet (UV) light is a proven disinfectant for
Cryptosporidium, but installation of UV treatment systems is prohibitively expensive

for many drinking water treatment plants. (Clancy 2008)

1.3 Known Genotypes

The main species that infect humans are C. hominis, C. parvum, C. mealegridis, C.
felis, and C. canis. The most prevalent species in humans cases though are C. hominis
and C. parvum. (Jiang 2005). Many other genotypes have been found, including host-
adapted species and genotypes. There are 16 valid species and over 40 genotypes.
Several criteria need to be met before a genotype can be classified as a new species.
Cryptosporidium species cannot be differentiated by their morphology, making
species identification difficult. Genotypes are isolates that are distinct on a molecular
level. Additional investigation is necessary before a novel genotype can be classified
as a species. The classification of valid species and genotypes used in this study was

referenced from “Cryptosporidium and Cryptosporidiosis”. (Fayer 2008)



The host specificity varies among different species and genotypes. Some genotypes
only infect one host, called host-adapted genotypes, such as goose genotype 1. Other
types infect a range of hosts, such as C. parvum which infects cattle, sheep, goats,
deer, and horses. (Xiao and Ryan 2004) Most genotypes though only infect one class
of vertebrates (e.g. birds, mammals) with exceptions such as C. meleagridis which is

associated with birds but also infects humans.

1.4 Project justification

USEPA’s Long Term 2 Enhanced Surface Water Treatment Rule
(abbreviated LT2ESWT or LT2 rule), enacted in 2006, requires water treatment
plants serving more than 100,000 people to moniter their source water for

Cryptosporidium for 24 months, after which the average concentration found will

determine further action. (EPA 816-F-06-005)

In response to the LT2 rule, the Philadelphia Water Department (PWD) wanted to
investigate the factors and sources contributing to Cryptosporidium contamination in
the drinking water for the city of Philadelphia. With a better picture of what the
sources of Cryptosporidium are in the watershed, the PWD can enact preventative
watershed management strategies to protect a water source for Philadelphia’s
drinking water, which may be a better solution than the end-of-pipe strategy of

additional treatment at the water treatment plants.



The detection methods for Cryptosporidium regulated by the EPA do not include
genotyping data, only enumeration data. Since only a few species are known to infect
humans, the health risk to humans is overestimated. A study of the types of
Cryptosporidium in the watershed gives a better estimate of the human health risk

present.

1.5 Wissahickon Creek

Wissahickon Creek, shown in Figure 1, was chosen because the mouth empties into
the Schuylkill River right before the intake for the Queen Lane Water Treatment
Plant, causing it to significantly contribute to the influent water going into the
treatment plant. Additionally, the Wissahickon Creek watershed includes a mix of

urban, suburban, and agricultural land.

The occurrence of Cryptosporidium in one of the City of Philadelphia’s water sources
can be more easily characterized by looking at the Wissahickon watershed than the
other water sources because of the extensive size of the other sources, the Delaware

River and Schuylkill River.
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Figure 1: Map of Wissahickon Creek watershed and sampling locations



1.6 Type of sampling

The possible sources to contaminate the drinking water include human waste from
wastewater treatment plant effluents, wild animal wastes, and agriculture wastes from
anywhere within the Delaware and Schuylkill River watersheds, which includes the
Wissahickon Creek watershed. Three different types of samples are looked at in this
study to find Cryptosporidium from all of these sources: Wissahickon Creek water,
wastewater treatment plant effluents, and animal fecal samples. The water samples
show what Cryptosporidium genotypes are present in the creek and entering into the
water treatment plant. The wastewater effluents are a source into the creek and also
an indicator of human sources. The animal fecal sampling is direct source sampling
that supplements the genotype data from the environmental samples from unknown

hosts.

2. Methods

2.1 Sampling locations

The water sampling sites, Wiss 140 and Wiss 410, are located near the mouth of the
creek and gpproximately 6 miles upstream, respectively. The map of the watershed in
Figurel displays all of the water sampling locations. The wastewater effluent
sampling sites at the wastewater treatment plants located in the towns of Abington,

Ambler, and Upper Gwynedd are spread out across the watershed.



Fecal samples were collected at various locations in the watershed from a number of
different animals. The animals sampled include deer, geese, ducks, dogs, donkeys,
sheep, calves, cows, horses, lamb, heifers, woodchucks, opossums, a raccoon, and a
skﬁnk. Thé locations include Saul Agriculture High School, Fairmount Park, Upper
Gwynedd, Militia Hill Park, Kelly Drive on the Schuylkill, Valley Green Road on the
Wissahickon, Schuylkill Center for Environmental Education, and Morris Arboretum

(at location of Wiss 410).

2.1.1 Sampling timeline

The project has been continued year-round for three years (since May 2005) to check
for seasonal trends within the watershed. Water samples are collected on the first and
last Monday of every month. Wastewater samples were collected on the same
schedule, with Abington starting on January 23, 2006, Ambler on February 5, 2007,
and Upper Gwynedd on February 26, 2007. Monthly fecal sampling began in January
2007, on the third Monday of the month. Previously to this schedule, one fecal

sampling event occurred in August 2006. The data included here is from August 2006

to March 2008.

2.1.2 Sampling protocol

PWD personnel collected all of the water samples. The samples were then filtered
using Gelman Envirocheck Sampling Capsules (Pall Gelman Sciences, Inc., Ann
Arbor, MI) and eluted in the PWD lab. Up through January 2008, the volume of water

filtered was determined by however much it took to clog one filter. Starting in



January 2008, a standard volume of 10 liters of water were filtered for all samples,
with more than one filter used for especially turbid samples. The sample pellets were

shipped with ice overnight to Lehigh University for the rest of the processing.

PWD personnel collected all of the fecal samples, with the exception of one sampling
event in August 2006. The samples were shipped overnight to the Lehigh lab packed
in ice. About 1.5 - 2 grams of each sample was suspended in 40 milliliters of distilled
water and vortexed thoroughly. After settling for about one minute, 20 milliliters was
removed from the middle suspension. The fecal samples and water samples were

treated the same for the rest of the processing.

22 IMS

Sample processing continued with immunomagnetic separation (IMS) using the
Aureon Biosystems Crypto Kit (Vienna, Austria). Inmunomagnetic separation uses

- magnetic beads with Cryptosporidium antibodies attached to pull out with a magnet
any Cryptosporidium oocysts present in an environmental sample. As the
manufacturer recommends, one IMS tube with 100 microliters of beads is used for
every 1 milliliter of pelleted material. 0.5 M of hydrochloric acid is used to dissociate

the beads from the oocysts.

2.3 DNA Extraction

The deoxyribonucleic acid (DNA) of the oocysts is extracted using phenol

chloroform with an initial overnight incubation with Proteinase K and SDS solution.



2.4 PCR

The DNA extracted from the sample is put directly into nested polymerase chain
reactions (PCRs). The first PCR is a 50 microliter reaction using GoTaq Fexi DNA
Polymerase (Promega Corporation, Madison, WI) and primers KLJ1 and KLJ 2. The
result is a strand of DNA that is about 1056 base pairs long. (Jellison 2002). The
second PCR uses the primers CPB-DIAGF and CPB-DIAGR and the DNA template

is the first PCR product. The nested PCR amplicon is about 434 base pairs long.

Primers:

KLJ1: (5’-CCA CAT CTA AGG AAG GCA GC-37)

KLJ2: (5°-ATG GAT GCA TCA GTG TAG CG-3)

CPB-DIAGF: (5'-CAA TTG GAG GGC AAG TCT GGT GCC AGC-3")
CPB-DIAGR: (5'-CCT TCC TAT GTC TGG ACC TGG TGA GT-3")

The PCR cycle consisted of initial denaturation of 5 minutes at 80°C and 30 seconds
at 98°C, 40 cycles of amplification (denaturation for 30 seconds at 94°C, annealing
for 30 seconds at 53°C, and extension for 1 minute at 72°C), and a final extension of

10 minutes at 72°C.

A detection limit test shows that the PCR reactions are sensitive enough to detect one
oocyst. Figure 2 is the gel electrophoresis image with clearly visible bands for a

concentration of DNA equivalent to 10000 oocysts down to 1 oocyst.

10



Figure 2: Detection limit test for PCR reactions

The nested PCR product was processed by gel electrophoresis to confirm the presence
of Cryptosporidium DNA by the length of the DNA fragments (~433 base pairs). If a
sample has the correct length DNA, it is cleaned up with the QIAquick PCR
Purification Kit (QIAGEN Sciences, Germantown, MD). The QIAquick Gel
Extraction Kit was used instead if there are multiple bands visible on the gel for a

given sample.

2.5 Quality Control

A positive and negative control for each step of the procedure ensures quality control
for each environmenta] sample. Oocysts from Waterborne, Inc. (New Orleans, LA)
were used for all positive controls, with approximately 5000 oocysts used for the IMS

control, 500 oocysts for the DNA extraction control, and 10000 oocysts for the PCR

11
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The nested PCR product was processed by gel electrophoresis to confirm the presence
of Cryptosporidium DNA by the length of the DNA fragments (~433 base pairs). If a
sample has the correct length DNA. it is cleaned up with the QlAquick PCR
Purification Kit (QIAGEN Sciences, Germantown, MD). The QIAquick Gel
Extraction Kit was used instead if there are multiple bands visible on the gel for a

given sample.

2.5 Quality Control

A positive and negative control for each step of the procedure ensures quality control
for each environmental sample. Oocysts from Waterborne. Inc. (New Orleans, LA)
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controls. The correct results for the controls validate any positive samples detected
within the environmental samples. A positive result for a negative control means
contamination was present somewhere in the procedure. A negative result for a
positive control means the procedure may not detect oocysts in the sample even if

they were present.

2.6 Cloning

The Promega pGEM-T Easy Vector System I (Promega Corporation, Madison, WT)
inserted the nested PCR product into a plasmid. The plasmid was transformed into the
z-competent E. coli strain DHS5« (Zymo Research Corporation, Orange, CA). The E.
coli cells are grown and the ones containing the PCR products were isolated. The
plasmids from six isolates were removed with the QIAprep Spin Miniprep Kit
(QIAGEN Germantown, MD). Multiple isolates were screened to recover more than
one genotype of Cryptosporidium possibly present within the sample. The presence of
the Cryprosporidium DNA was confirmed with restriction enzyme No#/ and the
heterogeneity, or sequence differences, among the isolates with restriction enzyme
Ndel. At least three isolates were chosen to be sent out for sequencing, depending on

the heterogeneity found.

2.7 Sequencing

The plasmids from the screened isolates were sent to University of Pennsylvania’s

DNA Sequencing Facility in Philadelphia, PA and sequenced using ABI (Applied

12



Biosystems) 96-capillary 3730XL sequencer. The primers added at the facility were

SP6 and T7.

2.8 Alignment

The software program MacClade Version 4.06 was used to view and align the
sequences. The 18S rRNA section of Cryptosporidium DNA of isolated is about 433
base pairs long. The structures of the two variable helixes found within this segment
of DNA were determined using the program Vienna RNA Secondary Structure
Prediction <http://rna.tbi.univie.ac.at/cgi-bin/RNAfold.cgi>. The alignments of these
helixes are included in Appendix B. Spaces were included to align the bump-outs of
the helixes. If there was any uncertainty with respect to where a base pair should be
aligned within the helix or the rest of the sequence, those spots were blocked out
throughout all of the sequences. Additionally, the variable loops of the two helixes
were also blocked out. The final sequence alignments and masked out base pairs for

the complete sequences are shown in Appendix C.

2.9 Phylogenetic Analysis

The final alignment of all of the samples and the GenBank sequences was input into
the software program PAUP Version 4.0b10 to create the phylogenetic trees. The
method chosen for the phylogenetic analysis was a parsimony tree using heuristic tree
searching strategy. The bootstrap numbers represent 1000 pseudoreplicates. All other

parameters were the default setting in the program.

13



3. Results:

Cryptosporidium was detected at both water sites and two of the three wastewater
effluents. Fecal sampling resulted in Cryptosporidium detection in nine geese, a deer,
a calf, a raccoon, and an unknown animal, as shown in Table 1. A full listing of all
positive samples and characteristics can be found in Appendix A. The sequences of
all the genotypes found in these positive samples, arranged in the final alignment

input into PAUP, are listed in Appendix C.

3.1 Scope of results

The purpose of this study was to evaluate qualitative data associated with
Cryptosporidium, the species or genotypes. The quantitative data, the detection
percentages, listed below do not enumerate the amount of Cryptosporidium that is in
the watershed. The detection percentages only show how often Cryptosporidium was
detected with this method. A negative water sample does not mean there weren’t any
oocysts in the water that day, just that none were captured. The types of
Cryptosporidium present in the watershed, however, are just as important to know in

determining the health risk as the amount present.

Additionally, a positive animal sample only confirms the occurrence of
Cryptosporidium, not an infection in that animal. Oocysts can be ingested by an
animal without causing an infection, and possibly shed from the animal intact. If an
animal is infected, the likelihood of detecting Cryptosporidium is higher because of

the large number of oocysts that are shed from an infected animal.

14



The genotypes detected in the water may not come from the sources that they are
named after and usually associated with. For example, the detection of the cervine
genotype in an environmental sample does not necessarily mean that the source is a
deer. That genotype is found mostly to infect deer, but has also been found in sheep
and lemurs. (Xiao and Ryan 2004) Identifying the sources of Cryptosporidium with
molecular genotyping data from environmental samples with 100% certainty is not
possible. But it is most likely that the genotype came from the sources associated with

it.

3.2 Detection Percentages

The greatest detection percentages are found in both Wissahickon Creek water sites,
with Cryptosporidium found in 18.2% of all Wiss140 samples at the mouth of the
creek and 20.5% of all Wiss 410 samples approximately six miles upstream. No
Cryptosporidium was detected at Upper Gwynedd wastewater treatment plant
effluent, but about 8% of the Abington and Ambler wastewater treatment plant

effluents were positive for Cryptosporidium.

Of the animal fecal samples collected, multiple geese were positive for
Cryptosporidium as well as a deer, a calf, a raccoon, and an unknown animal sample.
The geese had the highest detection percentage with 16.7% of the samples positive

for Cryptosporidiuné. Only 5% of deer and 11% of calf samples were positive. Not

15



enough raccoon samples were analyzed to give a significant detection percentage.

Overall, only 10% of all animal fecal samples were positive for Cryprosporidium.

Several samples contained more than one genotype. Nine samples contained two

different genotypes and two contained three genotypes. Therefore, the number of

sequences analyzed, listed in Table 1, is greater than the number of positive samples.

Table 1: Sample totals from each source and percent detected from August 2006 to

March 2008
Positive | Sequences | Detection
Source Total Samples | for Crypto | Analyzed Percentage
Wiss 140 44 8 13 18.2%
Wiss 410 44 9 11 20.5%
Abington WWTP 36 3 4 8.3%
Ambler WWTP 28 2 3 7.1%
Upper Gwynedd WWTP 26 0 0 0%
Deer 20 1 1 5.0%
Calf 9 1 1 11.1%
Unknown 1 1 1 100%
Raccoon 1 1 1 100%
Goose 54 9 13 16.7%
All other animals 46 0 0 0%
Total animals 131 13 17 9.9%
Total samples 309 35 48 11.3%

16




3.3 Additional Water Data

For water and wastewater samples, additional data was collected for each sample on
the volume of water filtered, the volume of the packed pellet after elution, and the
turbidity of the initial sample. No correlation was seen with the arr;ount of packed
pellet, but there was a relationship between the volume filtered and the turbidity,
shown in Figure 3. Generally, the higher the turbidity of the water is, the lower the
volume of water able to be filtered. As described in the methods section, a goal is to

filter ten liters but usually the water is filtered until the filter begins to clog. Higher

turbidity water causes the filter to clog faster.

180
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Figure 3: Turbidity of versus volume filtered
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4. Discussion

4.1 Scope of genotype detection

This study is mostly a qualitative look at Cryptosporidium in the watershed. One
drawback of the nested PCR is that while detection limits are more sensitive,
quantitative data is lost in the process. The positive samples could have contained one
or multiple oocysts. Several clones are screened and sequenced in hopes of finding
more than one genotype within one sample. Nine samples contained two different
genotypes and two contained three genotypes. The number of sequences analyzed in
the phylogenetic tree is greater than the number of positive samples because of

multiple genotypes found in a single sample.

4.2 Phylogenetic Tree

The species/genotypes of the sequenced samples are identified using a phylogenetic
analysis. Figure 4 shows the combined tree with every Cryptosporidium sequence

found from August 2006 to March 2008.

4.2.1 GenBank sequences

The Cryptosporidium genotypes found in environmental samples are unknown until
compared to known, published species and genotypes of Cryptosporidium. All known
sequences included in the phylogenetic tree are taken from GenBank
<www.ncbi.nlm.nih.gov>, with the accession number listed next to the name in the

tree, and have been published in one or more peer-reviewed journal articles. Only

18
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Cryptosporidium species and genotypes accepted as valid names were included in the
phylogenetic analysis. “Cryptosporidium and Cryptosporidiosis” served as a

reference for valid classification of species and genotypes. (Fayer 2008)

4.2.2 Species/Genotype Identification

The phylogenetic comparison of all of the sequences from September 2006 to March
2008 showed 12 different species/genotype groupings. In a phylogenetic tree, a clade
is every isolate that descends from the same ancestor. The species or genotype of
each sample is identified by a closely related known species/genotype that is included
in the same clade. All of the samples fall within 10 clades with known genotypes and
two clades without any known sequence. The genotypes include C. parvum (5
sequences), C. hominis (13), C. bovis (1), cervine genotype (7), squirrel genotype (3),
skunk genotype(4), muskrat genotype I (2), goose genotype I (1), deer mouse

genotype III (3), goose-type genotype (3), unknown genotype 1 (4), and unknown

genotype 2 (2).

4.2.3 Bootstraps

From the bootstrap values, some grouping relationships with known genotypes are
stronger than others. Bootstrap values indicate the percentage of time that those
sequences group together in 1000 different configurations pf the tree. The sequences
identified in thé tree as unknown genotype 1, cervine genotype, C. bovis, squirrel

genotype, muskrat genotype I, and goose genotype I all have bootstrap numbers
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greater thaﬁ 70 and therefore are closely related to that species or genotype. The
sequences identified as goose-type genotype, skunk genotype, and deer mouse
genotype III all have bootstrép numbers between 70 and 50, so their relationship with
those genotypes is close but not strong. The rest of the genotypes, including C.
parvum, C. hominis, and unknown genotype 2, do not have bootstrap values listed
because they are less than 50 and not statistically significant. One reason for the
uncertainty in these relationships could be the genetic similarity between C. parvum

and C. hominis, which were considered the same species until a few years ago. (Fayer

2008)

4.2.4 Unknown Genotypes

Several sequences were not closely related to any known sequences and
consequentially were labeled as an unknown genotype. The sequences labeled
unknown genotype 1 are considered all one genotype based on the bootstrap value of
92. Although compared against numerous known genotypes, none were the same as
this genotype. Conversely, the two sequences labeled unknown genotype 2 are not
very closely related based on the bootstrap value less than 50. Goose-type genotype
could also be considered an unknown. Although closely related to other isolateé from
geese, such as the KLJ5 isolate AY324639 (Jellison 2004), it is not one of the two
accepted goose genotypes (Xiao 2008). So either this genotype is yet unnamed or is

associated with a different animal host.
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4.2.5 Main sources types

The dominant sources of Cryptosporidium spp. found in the Wissahickon Creek
watershed appear to be humans and wildlife. Human associated speciés detected
include C. hominis and C. parvum. Wildlife associated species found in the watershekd
include cervine genotype, squirrel genotype, skunk genotype, muskrat genotype I,
deer mouse genotype III, goose genotype I, and goose-type genotype. Agriculture
species, C. bovis and some C. parvum genotypes, were not identified very frequently
in the watershed. C. parvum is categorized as a human and agriculture type because it

is associated with cattle, sheep, goats, deer, and horses. (Xiao Ryan 2004)

4.2. 6 Human Health Risk Evaluation

The only species found in the watershed that are a human health risk are C. parvum
and C. hominis. Unfortunately, these two species are also the most prevalent types
found in the watershed, as shown in Table 2. Eighteen isolates or 37.5% of all of the
Cryptosporidium sequences found are one of these two genotypes, broken down into
27% C. hominis and 10% C. parvum. Twenty-four isolates or 50% found carry no

known human health risk. Six isolates could not be identified.

22



Table 2: Percent of genotypes carrying human health risk

Number of Percentage
Sequences
Human health risk | C. hominis 13 27.1% 37.5%
genotypes C. parvum 5 10.4%
No known human health risk genotypes 24 50%
Unknown genotypes (unknown risk) 6 12.5%
Totals 48 (100%)

4.2.7 Unusual genotype hosts

Of the animal samples analyzed, most of the genotypes are commonly found in the
hosts sampled but there were some unexpected genotype associations. C. hominis and
muskrat genotype I are not commonly found in geese. C. hominis was found in
several geese on two different sampling dates and two different sampling locations on
one date. Finding these genotypes in animals other than their primary hosts is proof
that determining the source from an environmental sample based solely on the

genotype is not a perfect science.

4.3 Distribution of genotypes by sample type

No strong distribution patterns by the type of sample can be seen in the comparison in
Table 3. The two genotypes with a human health risk, C. parvum and C. hominis, are
found in alﬁost every type of sample. Geese especially appear to be a major source
for these genotypes. Not surprisingly, the human genotype C. hominis appeared in

wastewater effluents on a few dates.
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Ten of the twelve genotypes found in the watershed were also found in the river water

samples. Most of the genotypes found in animals and wastewater treatment plant

effluents were also present in the creek. Therefore, as expected, animals and

wastewater treatment plants contribute to the Crypfosporidium present in the source

water for Philadelphia’s drinking water.

Table 3: Distribution of genotypes by sample type

‘Wiss 140 |wiss 410 Abington WWTP ~|Ambler WWTP
Unknown genotype 1 1 |Unknown genotype 1 1 |Unknown genotype 1 ‘1 |Cervine genotype 1
Skunk genotype .3 |Unknown genotype 2 1 |Cervine genotype 1 |C. hominis 2
Goose genotype KUS 1 eno 1 [Squirrel genotype 1
Cervme genotype 2 Cervme genotype 3 |G. hominis 1
Deer mouse genotype III .1 1Deer mouse genotype III 2
.G, homm;s 1 ]G hominis ‘2
Muskrat genotype I 1 |C. parvum 1
‘Squirrel genotype 2
C. parvum 1 3 :
(1 11 4 . 3
. |Geese Other Animals :
deer, raccoon, unknown, calf)
Unknown genotype 1 1 _JUnknown genotype 2 1
Goose genotype KL35 1 [Skunk genatype 1
C. hominis -7 |C. parvum 1
Goose genotype 1 1 [C. bovis 1
[Muskrat genotype1 1
C. parvum 2
13 ;4

4.4 Distribution of genotypes by seasons

A seasonal comparison of the genotypes found in the watershed shows some

interesting differences in Table 4. The seasons here are defined by the official

astronomical start days for that year. Certain genotypes are seen more often during

certain times of the year, such as skunk genotype in the fall, C. parvum in the

summer, muskrat genotype I in the winter, and unknown genotype 1 in the spring.




Cervine genotype however was seen year round. A lot of the genotypes though cannot
be considered a trend because not enough sequences were found. One interesting
observation is the appearance of C. hominis only in the summer and fall of 2007 more

frequently than any other genotype. This doesn’t seém to be a'seésonal difference but

a single outbreak. More evidence for this theory is examined in section 4.5. Any of

the seasonal differences seen during the time period of this study could be from

individual outbreaks of those genotypes. Migration, hibernation, and other seasonal

behavior in the animal hosts could also cause some of these trends. Conversely

though, genotypes associated with geese, who migrate south during the winter, were

seen in the summer, fall, and winter. Looking at genotyping data for at least three

years would be necessary to establish definite seasonal trends.

Table 4: Seasonal distribution of genotypes

Summer Fall Winter Spring
2006 2006 2007 2007
Unknown Genotype 2 1 [Skunk genotype 1 |Cervine genotype 1 |[C. bovis 1
C. parvum 1 {Goose genotype KLIS5 1 |Deer mouse genotype III 1 {Cervine genotype 1
Cervine genotype 2 |Squirrel genotype 1 |C. parvum 1
Deer mouse genotype III 1 Squirrel genotype 2
Unknown genotype 13
Unknown genotype 2 1
2 5 9
2007 2007 2008
Cervine genotype 1 |Deer mouse genotype III 1 [Muskrat genotype I 2
C. hominis 7 |C. hominis 6 [Cervine genotype 2
Goose genotype I 1 |Skunk genotype 3 [Goose genotype KLIS 1
C. parvum 3 |Goose genotype KLI5 1
Unknown genotype 1 1
13 11
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4.5 Pennsylvania Cryptosporidiosis Outbreak

On August 16, 2007, the Pennsylvania Department of Health issued a health advisory
for a cryptosporidiosis outbreak in Chester and Montgomery Countiés. The majority
of the Wissahickon Creek watershed is located in Montgomery County. There were
over 300 cases confirmed in late June for Chester County followed by over 60 cases
in Montgomery County. The source of the outbreaks was determined to be local
public swimming pools. (Pennsylvania Department of Health) The seasonal
distribution of genotypes shows that that there was increased occurrence of
Cryptosporidium spp. known to cause human infections in August and September
2007, possibly related to the outbreak. All C. hominis found in the watershed was
from the summer and fall of 2007 at almost all of the sampling locations. During this
period of time, C. hominis was detected more often than any other genotype in any
season (thirteen samples total). C. parvum, the other species infectious to humans,
also peaked during the summer of 2007 with three samples. The possibility that the
observed spike in C. hominis and C. parvum is a result of the reported outbreak seems
likely but needs to be corroborated with sequence data from the outbreak. The species

or genotype of the Cryptosporidium involved in this outbreak is unknown at this time.
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5. Conclusions

5.1 Summary of Findings:

Cryptosporidium was detected at every water and wastewater sampling location, with
the exception of the Upper Gwynedd wastewater treatment plant. Detection at the two
water sites was higher (20%) than at the two wastewater effluents (8%).
Approximately 10% of all fecal sampies were positive for Cryptosporidium, with the

most found in geese (16.7%).

Twelve different species or genotypes of Cryptosporidium were detected in the
Wissahickon Creek watershed. Of those, the most common types were from human
and wildlife sources. Agriculture sources do not seem to be a significant contributor
in the watershed. There is a significant human health risk present from C. hominis or
C. parvum accounting for 37.5% of all the sequences. All of the wildlife genotypes,
accounting for 50% of all the samples, carry no known risk to humans. Geese,

however, were shown to be a source for human infectious species.

All twelve genotypes were found in the water samples and are a risk to enter the
water treatment plants downstream. No pattern was seen in the distribution of
genotypes by sample type. However there were some seasonal differences in some
genotypes detected. C. hominis was only seen in the summer and fall of 2007, which

is possibly related to a reported outbreak of cryptosporidiosis in Montgomery County.
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5.2 Recommendations

Some changes to the sampling plan would improve the already existing database of
Cryptosporidium. Wastewater effluent sampling from Upper Gwynedd should be
discontinued, and possibly switched to another wastewater treatment plant located
within the watershed. Additional fecal sampling could improve the understanding of
where the genotypes found in the water are coming from. Several, such as the cervine
genotype, were not detected in any animals. More sampling of deer and agricultural

sources would help the most.

Since geese were shown to be a significant source of human infectious genotypes,

interventions to keep them away from the creek could be beneficial.

Additionally, it would be valuable to determine the genotype that caused the outbreak
in Chester and Montgomery County. The genotype data may be already known by
the health department or testing could be performed if any oocysts from infected

individuals were kept.
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I1. Fecal Prep Optimization

1. Objective

A supplemental project to the Wissahckon source tracking project was undertaken to
determine the procedure with the best recovery of oocysts from fecal samples. The
goal is to optimize the amount of a fecal sample processed and the percent recovery

of oocysts.

2. Project Justification

The method currently used in the Wissahickon source tracking study for preparing
fecal samples for IMS has not been validated as the best method. The detection
sensitivity is unknown also. Initial steps are required to reduce the amount of debris
and clean up the sample before IMS without a losing any Cryptosporidium oocysts

present in the sample.

3. Procedure
The current procedure, as previously described in section 2.1.2, mixes about 1.5 - 2
grams of each sample into 40 milliliters of distilled water. After settling for about one

minute, 20 milliliters are removed from the middle suspension.

Additionally two other methods were tested: (i) adding kaolin and Tween 80 and (ii)

filtering through gauze first.
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The first procedure (Tween 80 and kaolin) was édapted from one used for influent
wastewater samples (McCuin and Clancy 2005). All of the steps are the same as the
current protocol except the addition of Tween 80, a surfactant, and Kaolin, a type of
clay. A 20% Tween 80 solution (for a final concentration of 1% in the sample) is
added at the beginning along with the fecal sample, followed by five minutes on a

wrist-action shaker. Right before IMS, 0.5 milligrams of kaolin is added.

For the second procedure, all of the vortexed sample is filtered through gauze to
remove the large particles. The sample is treated the same for rest of the procedure.
This procedure was adapted from one used for isolating oocysts from intestinal
samples in Giovanni Widimer’s lab at Tufts University Veterinary School in Grafton,

MA.

For all of the testing 3 grams of deer fecal samples were used. ColorSeed was used to
determine the oocyst recovery. ColorSeed (BTF Precise Microbiology, Inc., Sydney,
Australia) contains 100 gamma-irradiated oocysts, pre-stained with Texas Red dye, to
be added to each sample. Additionally, Meriflour FITC stain (Meridian Biosciences,

Inc. Cincinnati, OH) was used to help identify the oocysts under the microscope.

4. Results
A test of the procedure, using only IMS with no fecal sample, found 59% oocyst

recovery. The rest of the testing results for the three procedures are listed in Table 5.
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Table 5: Fecal prep protocol testing results

IMS alone IMS with Tween 80
(current protocol) and Kaolin Gauze and IMS

23 15 6

26 20% 5

5 9 10

2

18 *no kaolin added
Average 14.800 14.667 7.000
Std Dev. 10.756 5.508 2.646

5. Discussion

None of the procedures tested had high recoveries. The protocol currently used has
been shown to deliver the highest oocyst recovery. There is a lot of variability within
the results, which might be attributed to different samples characteristics or slightly
different settling times. The addition of Tween 80 and kaolin is a good alternative to
be used instead. The oocyst recovery average is only slightly lower when it includes
the one sample without any kaolin. The gauze protocol had consistently low oocyst

recovery compared to the other two methods.

6. Recommendations

Further testing is required to be confident in a procedure that will best capture any

oocysts present in a fecal sample. The seftling time, amount of fecal sample used, and
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type of fecal sample should be varied under the current protocol to determine the
reason behind the variation in the recoveries. Additionally, testing with only Tween
80 and no kaolin seems promising from the one test performed. The gauze procedure

does not seem promising from these results and can be disregarded.

Continuing visualization problems using the ColorSeed and the Merifluor stain under
the microscope need to be worked out for future testing as well. Some additional
procedures that used by other labs and worth further investigation include using a
concentration gradient with Histodenz (Sigma-Aldrich, St. Louis, MO) to separate the
oocysts by density (Widmer 1998) and the QIAamp DNA Stool Kit (QIAGEN Inc.,

Valencia, CA). (Xiao 2008)
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Appendix A - Log of All Positive Samples from 8/1/06 through 3/31/08

8/20/07

Al

Sample Label Date Season |Description Gel Number of |Final Genotype Helix 1 Helix 2
Sampled Extraction| Genotypes Code Code
SF 3 8/3/06 sum deep fecal form Militia Hill park 1 unknown 2 A "B
SF 6 8/3/06 sum unknown fecal from gwynedd 1 C. parvum A B
140(36) 11/27/06 fall water sampie 1 Skunk genotype B Cc
410(36) 11/27/06 fafl water sample 2 cervine genotype Cc D
oose-type G2 1
410(38) 12/18/06 fall water sample GE 2 deer mouse III D F
cervine genotype C D
140(40) 1/22/07 win water sample 1 squirrel genotype E G
410 (40) 1/22/07 win water sample 1 deer mouse 11 D F
WT 13 1/22/07 win Abington WWTP effluent 1 cervine genotype C E
IMS- (1/24) 1/22/07 unknown lab control *1 C. parvum A B
PCR 1+ (1/24) 1/22/07 lab control *1 C. parvum A B
410 (44) 3/26/07 spr water sample 1 unknown 1 A3 B
WT 17 3/26/07 spr Abington WWTP efluent 2 squirrel genotype E G
- ’ unknown 1 A3 B
140 (46) 4/4/07 spr wet weather sample 2 cervine genotype C E2
C. parvum A B
140 (47) 4/16/07 spr wet weather sample 2 unknown 1 A3 B
squirrel genotype E G
410 (47) 4/16/07 spr Wet weather sample 1 unknown 2 A A
AprilF 4 4/17/07 spr Calf fecal from Saul HS 1 C. bovis Gi H
410 (54) 7/23/07 sum water sample GE 1 |C. parvum A A
(c3 not crypto) .
WB 13 8/6/07 sum Ambler WWTP efluent 2 cervine genotype C E
) C. hominis A A
AugF 2 8/20/07 sum Goose fecal from Kelly Drive 3 C. hominis;. C. hominis A,A2 L AA
K - unknown-1 . A3 B
AugF 5 8/20/07 sum Goose Fecal from Kelly Drive 1 Goose genotype 1 Ho J
AugF 6 8/20/07 sum Goose fecal from Valley Green 1 C. hominis A 4’ A
Augr 7 sum  |Goose fecal from Valley Green 1 C. hominis A , A.




LE

AugF 8 8/20/07 sum Goose fecal from Valley Green 2 C. parvum A B
C. hominis A A
AugF 10 8/20/07 sum Goose fecal from Valley Green 1 C. parvum A B
410(58) 9/4/06 sum dry day water sample 1 C. hominis A2 A
410(59) 9/24/07 fall dry day water sample GE 1 C. hominis Al A
WB 16 9/24/07 fall Ambler WWTP effluent 1 C. hominis A A
SeptF 2 9/25/07 fall Goose fecal from Kelley Drive 1 C. hominis A A
SeptF 4 9/25/07 fall Goose fecal from Kelley Drive 1 C. hominis A A
WT 30 10/1/07 fall Abbington WWTP efluent 1 C. hominis A A
140 (62) 11/5/07 fall dry day water sample GE 1 Skunk genotype AB F
NovF 2 11/26/07 fall Raccoon Fecal sample 1 Skunk genotype B C
140 (64) 12/12/07 fall dry day water sample 3 deer mouse 111 D F
C. hominis, skunk genotype A,B A,C
140 (65) 12/20/07 fall dry day water sample GE 1 goose-type G2 I
410 (67) 1/30/08 win dry day water sample GE 1 cervine genotype C D
140 (68) 2/4/08 win  -|dry day water sample 2 muskrat genotype F F
cervine genotype Cc D
March08 F3 3/18/08 win Goose fecal sample 2 muskrat genotype F F
goose-type G2 I
TOTALS 48

A2




Refer to Appendix A for corresponding samples
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Appendix B - Helix 1 alignment
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Refer to Appendix A for corresponding samples

Appendix B - Helix 2 alignment
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Appendix B - Heli
Cervine genotype
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ix 2 alignment

Deer mouse II1 Muskrat 1 Squirrel Skunk genotype W13  Goose-type KL35 Goose 1 C. bovis
EF641014 EF641016 DQ295014 AY737559 AY324639 AY120912 AY120911
U A U A U A U A . U A u A u A
U a U A U A U A U A cC G UA
CG c G cC G cC G cC G cC G CcCG
AU AU AU AU G C G C AU
U aA U A U A U A cC G cC G ua
AU AU AU A U A U A U AU
U a U A U A U A U A U A UaA
U U u U U u u
AU AU AU AU A U AU AU
cCaG c G cC G c G cC G cC G cCG
U A uaA U A uaAa u u c [ UA
AU AU AU AU U A U G U u
u u u u G U U u u C Uuu
A u A U A U A U
u v ’ 1] y A A u U
Uu U U A U u

A A

AB



Appendix C: Final full alignment of all sequences

Alignment Notes:

Sequences aligned and masked out exactly as input into PAUP for the phylogenetic tree,

including sequence names.
Masked out base pairs are darkened.
Spaces added in are shown in white.

The base pair number is located at the top of the page.

Helix 1 is located from base pair 20 through 99.

Helix 2 is located from base pair 103 through 149.
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410 (54)

Aug07 F8 c1 - Goose

Aug07 F10 condensed - Goose
140 (46) c3

Summer06 F6 c3 - unknown
Lab control (1/24/07)

C. parvum L16996

C. meleagridis AF112574

C. wrairl U11440

Ambler WW 13 c3

410 (59)

Ambler WW 16 consensus
Abi WW 30 ¢

Sept07 Fecat 2 - Goose
Sept07 Fecal 4 consensus - Goos:
140 (64) c3

410 (58) consensus

Aug07 F2 c1 - Goose

Aug07 F2 3 - Goose

Aug07? F6 c1 ~ Goose

Aug07 F7 c1 - Goose

Aug07 F8 c2 - Goose

Aug07 F2 c2 ~ Goose

410 (44) c2

Ablngton WW 17 c2

140 (47) 2

410 (47) c1

Summer06 F3 - Deer

140 (62) consensus

Nov07 Fecal 2 - Racoon

140 (64) c4

140 (36) c1

Ambler WW 13 c1

140 (68) c3

410 (67) <3

140 (46)c2

410 (36) c1

410 (38)¢3

Abington WW 13 ¢2

410 (38) c2

410 (40)

140 (64) c2

140 (40)

Abington WW 17 c1

140 (47) c3

140 (68) c2

March08 F3 c1 - Goose

410 (36) ¢3

140 (65) c2

March08 F3 ¢2 - Goose
April07 F4 ¢3 - Calf

C. bovis AY120911

AugF 5 c1 - Goose

Goose genotype 1 AY324642
C. hominis AF093489

C. felis AF112575

C. serpentis AF093499

C. baileyl L19068

C. andersoni AB089285

C. muris (murine) AB089284
C. canis AF112576

Cervine genotype EF641018
Deer mouse genotype 1if EF6410]1
Muskrat genotype | Ef641016
Squirret genotype DQ295014
Skunk genotype W13 AY737559
Goose genotype (KLJ-5) AY32463
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G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
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G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
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INTENTIONAL SECOND EXPOSURE

Loas

ALGCTCLTAGTTR
AAGCTCOCTAGCTTLG
AACCTCGTAGTTL
AAGCCTCUCTAGTTG
AACCTCLTALTTYC
APALCTCOTACTTS
AAGCTCLGTAGTTG
AACCTIOCTAGTTC
AAGCCTCGOGTAGTT G
AAGCCTCGTAGTTC
AAGCTLCUTAGTTG
AAGCCTCCTAGTTC
AALCTCGTACTTG
AAGCTCGLGTAGTTEG
AAGCGCTCCTAGTTG
AAGCTCGTAGTTCG
AALCTCOCTAGTTG
AALCTCLTAGTTG
AAGCTCOCTALTTG
AAGCTCGCTAGTTG
AACCTCGTAGTTG
AACCTCLTAGTT
AACCTCCOTAGTTG
AAGCTCGTAGTTGO
AACCTCGTAGTTG
AAGCTCCTAGTTC
AAGCTCOGTAGTT
AAGCCTCGTACTTG
AAGCTCGTAGTTC
AACCTCCTAGTTO
AAGCTCCTAGTTAG
AAGCTCLOTAGTTC
AAGCGCTCCGTAGTTC
AAGCTCCSTAGTT S
AAGCTCUGTAGTTS
AAGCTCGTACGTTG
AAGCTCGTAGTTC
ALLCTCOTAGYTC
AAGCTCGTAGTTG
AALCTCGTAGTTG
AAGCTCGTACTT
AALCTCGTAGTTLG
AACCTCOTAGTTG
AALCTCCTACTTCG
AAGCTCOTAGTTCL
AACCTCOGTAGTTG
AACCTCOTAGCTTCG
AAGCCTCUGCTAGTTC
AACCTCGCTAGCTT
AALCTCCTAGTTG
AACCTCOTAGTTG

AACCTCGCGTAGCTTA

AAGCCTCGTACGTETG
AAGCTCGTAGYTCG
AAGCTCCOCTAGTTC
AACCTCGTAGTTG
AAGCTCGTAGTTG
AACCTCCGTAGTTG
AACCTCGTAGTTG
AAGCCTCGTACGTTG
AACCTCGTAGTTG
AACCTCSTAGTTC
AAGCTCGTACLCTTG
AAGCTCSTAGTTG
AACCTCGTAGTTCG
AAGCTCOTAGTTAG

SAALL UL AGT L

CATTTCTOGTT A
GCATTFTCTGTTA
GATTTCTLTTA
GCATTTCTGTTA
CATTTCTGOCTTA
CATTTCTCTTA
GATTTCTLTTA
CATTTCTGTTA
CATTTCTGTTA
SATTTCTLTTA
CATTTCTGTTA
CATTTCTLTTA
GATTTCTUTTA
LSATTTICTGTTA
GCATTTCTGTTA
GATTTCTLTTA
GATTTCTGCTTA
GATTTCTCTTA
GATTTCTYGTTA
LATTTCTGTTA
LSATTTCTGTTA
GCATTTCTSGCTTA
CATTTCTGTTA
GATTTCTLTTA
CATTTCTGTTA
CATTTCTLUTTA
CATTTCTGTTA
CATTTCTOLTTA
GATTTCTOTTA
CATTTCTGTTA
CATTTCYLTTA
GATTTCTSGTTA
CATTTCTOCTTA
CATTTCTLTTA
GATTTCTYOGTTA

GATTTCTGTTA -

GATTTCTCTTA
CATTTCTGTTA
GATTTCTLTITA
GCATTTCTGTTA
CATTTCTGTTA
GCATTTCYGTTA
GCATTTCTGTTA

CATTTCTCTTA

LCATTTCTGTTA
GATTTCTCTTA
GATTTCTGTTA
CATTTCTOCTTA
GATTTCTGTTA

CATTTCTLTTA

GCATTTCTGTTA

ATCTTCTUOCTTA -
GATTTCTGCTA-

CATTTCTGLTA

GATTTCTGTTA-

CATTITCTGTTA

GATTTCTGTTG -

GCGATTTCTGTTA

GATTTCTGTTCTAT
GATTTCTCTTGTAT

GCGATTTCTCTTA
CATTTCTCTTA
CATTTCTGTTA
CATTTCTCTYTTA
GATTTCTOGTTA
CATTTCTETTA
AT E LT LT LA

AT A AT
AT A ATT
AT A ATT
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410 (54)

Aug07 F8 cl - Goose

Aug07 F10 condensed - Goose
140 (46) <3

Summer06 F6 ¢3 - unknown
Lab control (1/24/07)

C. parvum L16996

C. meleagridis AF112574

C. wralrl U11440

Ambler WW 13 ¢3

410 (59)

Ambler WW 16 consensus
Abington WW 30 consensus
Sept07 Fecal 2 - Goose

Sept07 Fecal 4 consensus - Goost
140 (64) 3

410 (58) consensus

Aug07 F2 c1 - Goose

Aug07? F2 ¢3 - Goose

Aug07 F6 c1 - Goose

Aug07 F7 c1 - Goose

Aug07 F8 c2 - Goose

Aug07 F2 c2 - Goose

410 (44) c2

Abington WW 17 ¢2

140 (47) c2

410 (47) c1

Summer06 F3 - Deer

140 (62) consensus

Nov07 Fecal 2 - Racoon

140 (64) c4

140 (36) €1

Ambler WW 13 c1

140 (68) c3

410 (67) 3

140 (46) 2

410 (36) c1

410 (38) 3

Abington WW 13 c2

410 (38) c2

410 (40)

140 (64) c2

140 (40)

Abington WW 17 c1

140 (47) 3

140 (68) c2

March08 F3 cl - Goose

410 (36) c3

140 (65) c2

March08 £3 2 - Goose
April07 F4 ¢3 - Calf

C. bovis AY120911

AugF 5 c1 - Goose

Goose genotype | AY324642

C. hominls AF093489

C. fells AF112575

C. serpentis AF093499

C. baileyi L19068

C. andersoni AB089285

C. muris {(murine) AB089284

C. canis AF112576

Cervine genotype EF641018
Deer mouse genotype ill £F64101 - G -
Muskrat genotype | Ef641016
Squisrel genotype DQ295014 -
skunk genotype W13 AY737559 -
Goose genotype (KLJ-5) AY32463 ~
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INTENTIONAL SECOND EXPOSURE
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410 (54)

Aug07 F8 c1 - Goose

Aug07 F10 condensed - Goose
140 (46) c3

S 06 F6 c3 - unk

Lab control (1/24/07)

C. parvum L16996

C. meleagridis AF112574

C. wrairl U11440

Ambler WW 13 ¢3

410 (59)

Ambler WW 16 consensus
Abington WW 30

Sept07 Fecal 2 - Goose

Sept07 Fecal 4 consensus - Goos
140 (64) <3

410 (58) consensus

Aug07 F2 cl1 - Goose

Aug07 F2 c3 - Goose

Aug07 F6 cl1 - Goose

Aug07 F7 cl - Goose

Aug07 F8 c2 - Goose
Aug07 F2 c2 - Goose

410 (44) c2

Abington WW 17 c2

140 (47) 2

410 (47) c1

Summer06 F3 - Deer

140 (62) consensus

Nov07 Fecal 2 - Racoon

140 (64) c4

140 (36) c1

Ambler WW 13 c1

140 (68) ¢3

410 (67) c3

140 (46) c2

410 (36) c1

410 (38) c3

Abington WW 13 c2

410 (38) 2

410 (40)

140 (64) 2

140 (40)

Abington WW 17 c1

140 (47) c3

140 (68) 2

March08 F3 c1 - Goose

410 (36) 3

140 (65) c2

March08 F3 c2 - Goose
April07 F4 ¢3 - Calf

C. bovls AY120911

Augf 5 cl - Goose

Goose genotype | AY324642
C. hominis AF093489

C. felis AF112575

C. serpentis AF093499

C. baileyl L19068

C. andersonl AB089285

C. muris (murine) ABOS9284 | - - - N — - - - - - - - - - - — —
C. canis AF112576 0 I - - - - - - - - - - . . . - - - .
Cervine genotype EF641018 [ - A - — I - - - -~ - - - - — — — -
Deer mouse genotype (11 EF6410) [ - T - —~ S - - - - - - - — - - -
Muskrat genotype | Ef641016 | - - - R - — - - - - - - - - - -
Squirrel genotype DQ295014 | - I - - [ - - - - - - — - - -
Skunk genotype W13 AY737559 [ - A - - S - - - - - ~ - - — -
Goose genotype {(KLj~5) AY32463 e .
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INTENTIONAL SECOND EXPOSURE
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410 (54)
AugO07 F8 cl - Goose
Aug07 F10 condensed - Goose
140 (46) c3

06 F6 c3 - unk
Lab control (1/24/07)
C. parvum L16996
C. meleagridis AF112574
C. wralrl U11440
Ambler WW 13 c3
410 (59)
Ambler WW 16 consensus
Ablngton WW 30 c:
Sept07 Fecal 2 - Goose

Sept07 Fecal 4 consensus - Goost

140 (64) <3

410 (58) consensus
Aug07 F2 c1 - Goose
Aug07 F2 ¢3 - Goose
Aug07 F6 ¢l - Goose
Aug07? F7 cl - Goose
Aug07 F8 c2 - Goose
Aug07 F2 c2 - Goose
410 (44) 2

Abington Ww 17 c2
140 (47) 2

410 (47) c1

Summer06 F3 - Deer
140 (62) consensus
NovO07 Fecal 2 - Racoon
140 (64) c4

140 (36) c1

Ambler WW 13 c1

140 (68) c3

410 (67) c3

140 (46) c2

410 (36) c1

410 (38) 3

Abington WW 13 c2
410 (38) c2

410 (40)

140 (64) c2

140 (40)

Abington Ww 17 c1
140 (47) c3

140 (68) <2

March08 F3 c1 - Goose
410 (36) c3

140 (65) c2

March08 F3 ¢2 - Goose
April07 F4 ¢3 - Calf

C. bovls AY120911
AugF 5 cl - Goose
Goose genotype | AY324642
C. hominls AF093489
C. fells AF112575

C. serpentis AF093499
C. baileyl L19068

C. andersonl AB089285
C. muris (murine) AB089284
C. canls AF112576
Cervine genotype EF641018

Deer mouse genotype 11! EF6410)]

Muskrat genotype | £f641016
Squirrel genotype DQ295014

Skunk genotype W13 AY737559
Goose genotype (KLJ-5) AY32463
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INTENTIONAL SECOND EXPOSURE
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T TTACTTIvALARAATTALAGELCTTAARGCALGCY

TTTACTTTLALAAAATYTALAGTUCTFAAALCCAGLLC (Ai((_LTI',AATA
TTTACTTTGCAGCAAAATTAGAG T(.CTTAAAL;CA(;GCMATGCCTT(,AATA
TTTACTTTGCAGCAAAATTAGAC F(.CTTAAA(.CA(;(;C-MMAT& CCTTCAATA
[ TTACTTTGCAGAAAATTALGACTGCTTAAAGCAGGC Q‘ATCCCTT(.AATA
I TTACTTTUAGCAAAATTAVAGCTUOGCTTAAAGCAGCGC EFATGCCTTOCAATA
TTTACTTTCAGCAAAATTAGAGTGCTTAAAGCAGGC
TTTACTTTGCAGAAAATTAGAGCTGCTTAAAGCAGCC
TTTACTTTOUAGCAAAATTAGAGCTGCTTAAAGCACGKGC
TTTTACTTTUCAGCAAAATTAGAGTGCTTAAAGCAGLC
TTTTACTTTCAGAAAATTAGAGLTGCTTAAAGCAGGC
TTTTACTTTCAGAAAATTAGAGTGCTTAAAGCAGGC
TTTTACTTTCAGAAAATTAGAGTGCCTTAAAGCAGGC
TTFTTACTTTCAGAAAATTAGAGLGTGCTTAAAGCAGHC
TTTTACTTTUGAGAAAATTAGAGTOCCTTAAAGCAGGC
TTTTACTTTGAGAAAATTAGAGTGCTTAAAGCAGGC
TTTTACTTTGCAGAAAATTAGAGTGCTTAAALCAGGC
TTCTACTYTTCAGAAAATTAGAGTGCTTAAAGCAGGC

CTACTTTOCAGCAAAATTAGACTGCTTAAAGCAGG O
TTTTACTTT(,A(,AAAATTA(.A(;T(;CTTAAACCA(,(.C:
TTTTACTTTOGCAGAAAATTAGACTLCTTAAAGCCAGGC
FTTTTACTTTOCAGAAAATTACAGCTGCTTAAAGCAGGC
TTTTACTTTOGCAGAAAATTACAGCTGCCTTAAAGCAGLC
TTTTACTTT(-A(,AAAATTA(.A(ZT(ZCTTAAAGCA(:CC;H

.4.—;_.4.._,_._
‘

’ATGCCTT(;AATA
ATLCCTTGAATA

=l

EATGCCCTTLAATA
ATGCCTTGAATA
AATGCCCTTGAATA
FATCCCTTGAATA
'ATGCCTTGAATA
ATGCCCTTGLAATA
ATGCCTTGAATA
FATCCCTTGAATA
UATGCCTTGAATA
ATGCCCTTOCAATA
EATLCCTTGAATA
B ATGCCCTTGAATA

ATGCCCTTGAATA

FTTTACTTT(.A(.AAAATTA(.A(.T(.('TTAAA(;('A(}(;C? ATGCCTTGCAATA

TTTIACTTT(-A‘.AAAATTA(.A\;T(,CTTAAA(.CA(,(.C‘/TX
TTTTACTTTGCAGCAAAATTAGCAGTLECCTTAAAGCACG i
TTTTACTTTLAG AAAATTAGA‘L-T(.CTTAAA(JCAL.(;Ci""“AT(_'.CCTT(.AATA
TTTTACTTTGAGAAAATTAGAGCTGCTTAAAGCAG
TTITTACTTTGAGAAAATTAGALTGCTTAAAGCAG AT
FTTTACTTTGAGAAAAT TAGAGTGCTTAAAGCAGLCEATTCCCTTGCAATA
TTTTACTTTGAGAAAATTAGAGCTLCTTAAAGCCAG ¥
TTTTACTTTGAGCAAAATTAGLACTGOGCTTAAGGCAG ‘
TTTTACTTTGAGAAAATTAGCAGTGCTTAAAGCAGK ‘1TAGCCTTCAATA
TTTTACTTTCAGCAAAATTAGAGTLCTTAAAGCAG
TTYTTACTTTGAGAAAATTAGAGTGCTTAAAGCAG
TTTTACTTTCAGCAAAATTAGAGTGCTTAAAGCAGGC, .TACCCTTGAATA
TTTTACTTTSAGAAAATTACAGTGCTTAAAGCAGG ETAGCCTTGAATA
TTTTACTTTGAGAAAATTAGAGCTGCTTAAAGCAGY ACCCTTGAATA
TTTTACTTTGAGAAAATTAGAGLTGCTTAAAGCAGG HATCCCTTGAATA
TTTTACTTTOAGAAAATTAGAGTGCTTAAAGCAG
TYTTACTYTTGCAGAAAATTAGAGTCCTTAAAGCAG
TTITTACTTTCAGAAAATTACAGTGCTTAAAGCAGG
TTTTACTTTGAGAAMATTAGAGTGCTTAAAGCAGT
TTTTACTTTCA(AAAATTA(}A(;TGCTTAAA(;CAG’
TTCTACTTT(:A"AAAATTAGALTLCTTAAA(‘CA
TACTTT(.A(;AAAATTA(.A\.TGCTTAAA(.CA(GC
CTTTACTTTCAC-AAAATTAL;A(;T(;CTTAAAGCAC’ i
CTITTTACTTTGAGAAAATTACAGTGCTTAAAGCAGGC
CYTTTACTTTS A(.AAAATTA(,A\‘T(,CT'IAAA(-CAGbC’ kTTGCCTTLAAT A
CTTITACTTTCAGAAAATTAGCAGTGCTTAAAGCAGGC ETTCCCTTGAATA
CTTTACTTTGAGAAAATTA(;AGTGCTTAAA(ZCA(.iZC%TTCCCTTGAATA

;ATGCCTT&AATA
%TAGCCTTGTATA

TTCCCTTGAATA
 TTCCCTTGAATA

TTTTACTTYGAGCGAAAATTAGACTGCTTAAAGCAGGCRIBTTGCCTTGCAATA
TYTTACTTTGAGAAAATTAGAGTGCTTAAAGCAGGC] TTUCCTTCAATA
TTTTACTTTGCAGAAAATTAGAGTGCTTAAAGCAGGC ATGCCTTGAATA
TTTTACTTTGAGCAAAATTAGAGTGCTTAAAGCAGGC ITTGCCTTGAATA
TTTTACTTTGAGAAAATTAGAGTGCTTAAAGCAGGCS CTGCCTTGAATA
CTTTACTTTGAGAAAATTAGAGTGCTTAAAGCAGGC LTTCCCTTGAATA
TTTTACTTTGAGAAAATTAGAGTGCTTAAAGCAGG CTCCCTTGAATA
CTTTACTTTGAGAAAATTAGAGTGCTTAAAGCAGG LCTGCCTTGAATA
CTTTACTTTGAGAAAATTAGAGTGCGCTTAAAGCACGGC STTGCCTTCGAATA
TTTTACTTTGAGAAAATTAGAGTGCTTAAAGCAGCGCY ACCCTTGAATA
TTITTACTTTGAGAAAATTAGCAGTGCTTAAALGCAGG ; ATGCCTTCAATA
TTTTACTTTGAGAAAATTAGACTCCTTAAACCACGC% STAGCCTTGTATA
TTTTACTTTGAGAAAATTAGAGTGCTTAAAGCAGGC] TGCCCTTGAATA
TTTTACTTTGAGAAAATTAGAGTGCTTAAAGCAGGC TCCCTTGAAT A
FOCCV VLAATA




201
410 (59)
AugO07 F8 cl - Goose
Aug07 F10 condensed - Goose
140 (46) 3
Summer06 F6 c3 - unknown
Lab control (1/24/07)
C. parvum 116996
C. meleagridis AF112574
C. wralrl U11440
Ambler WW 13 c3
410 (59)
Ambler WW 16 consensus
Abington WW 30 ¢
Sept07 Fecal 2 - Goose
Sept07 Fecal 4 consensus - Goost
140 (64) 3
410 (58) consensus
Aug07 F2 c1 - Goose
Aug07 F2 c3 - Goose
Aug07 F6 cl1 - Goose
Aug07 F7 c1 - Goose
AugO7 F8 c2 - Goose
Aug07 F2 c2 - Goose
410 (44) 2
Abington WwW 17 c2
140 (47) c2
410 (47) c1
Summer06 F3 ~ Deer
140 (62) consensus
Nov07 Fecal 2 - Racoon
140 (64) c4
140 (36) c1
Ambler WW 13 c1
140 (68) c3
410 (67) c3
140 (46) 2
410 (36) c1
410 (38) c3
Abington Ww 13 c2
410 (38) 2
410 (40)
140 (64) c2
140 (40)
Abington WW 17 c1
140 (47) c3
140 (68) c2
MarchO8 F3 c1 - Goose
410 (36) 3
140 (65) c2
March08 F3 c2 - Goose
April07 F4 ¢3 - Calf
C. bovis AY120911
AugF 5 cl - Goose
Goose genotype | AY324642
C. hominis AF093489
C. felis AF112575
C. serpentis AF093499
C. balleyi L19068
C. andersoni AB089285
C. murils (murine) AB089284
C. canls AF112576
Cervine genotype EF641018
Deer mouse genotype Il EF6410)
Muskrat genotype | Ef641016
Squirrel genotype DQ295014
Skunk genotype W13 AY737559
Goose genotype (KLJ-5) AY32463
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INTENTIONAL SECOND EXPOSURE

CITCCALGCATLLAATAATAT

: CTCCAGLCATGCLAATAATA
R L . CTCCAGCATLCULUAATAATA
ot : CTCCAGLCCATCLAATAATA
IO PATESTEET CTYCCAGCATGGAATAATA
' CTCCAGCATGGAATAAT AT

er o ' CTCCAGWCATLLAATAATA
[ : . CTCCACCATOUGLAATAATA

LR . CTCCA\’LCAT(.CAATAATAE’E.
Toe A CTCCA(;CAT(.(LAATAATA‘&" AAAGATTTTTATCTTTTTT ATTCO
CTCCAGCCATGGAATAATA AAAGATTTTTATCTTTTTT ATTGCG

S [ CTCCAGCATGCGAATAGT AW AAAGATTTTTATCTTITITT AT T
"o CTCCAGCATLGAATAATAJ AAACATYTTTATCTTTTITT ATYT GG

ol s e CTCCAGCATGLAATAATA AAAGATTTTTATCTCTYTTT ATT O
Py ey oo CTCCAGCATGCGCAATAATA AAAGATTTTTATCTTTTTT ATTGG
CTCCA(.CAT(.(.AATAATA;” AAAGATTTTTATCTTTTTIT ATT LG
CTCCA(JCAT(A‘;AATAATA“‘ FAAAGCATYTTTTATCTTTTTT ATTGG
CTCCAGCATGGAATAATA AAAGATTTTTATCTTTTTT AT T,

. CYCCAUCCATGGLAATAATA AAAGCATTTTTATCTTTTTT ATTGG
: S CTCCAGCATGL AAAGATTTTTATCTTITITTT ATT L
i CTCCAGCATEG AAAGATTTTTATCTTTTTT ATTGG
CTCCAGCCATG AAAGCGATTITTITATCTITTTY ATTGC
< CTCCAGCAT AAAGATTTTTATCTTTCTT ATTLG
ERE CTCCAGCATCG AAAGATTTTTATCTTTCTT ATTGCG
Tt et CTCCAGCATEYL AAAGATTTTTATCTTTCTT ATTGCG
EA CTCCAGCATG AAAGATTTTTATCTTTCTT ATTGO
vieers?t CTCCAGCATGS AAAGATTTTTATCYTTTTT ATT GG
CTCCAGCATGGAATAATA AAAGACTTTTATCTTTCTT ATTGG
Proobl e CTCCAGCATGCGAATAAT AY AAAGATTTTTATCTTTCTT ATTGCC
' C S CTTCAGCCATGGCAATAATA AAAGATTTTTATCTTTCTT ATTLG

. CTTCAGCATGGAATAATA AAAGATTTTTATCTTTCTY ATTCO

' . CTTCAGCATGGCAATAATA AAAGATTTTTATCTTTCTT ATTGC
e NS - CTCCAGCATCCAATAATA AAAGATTTTTATCTTTTTT ATTG

AAALATTTITYTYATCTYITCTT ATT LG
AAAGATTTTTATCTTITCTT ATTGG
AAAGCATTTTTATCTTTCTT ATT Gt
AAAGATTTTTATCTTTCTT ATTGCG
AAAGATTTTTATCYTTCTT ATTLG
AAAGATTTTTATCTTTCTT ATTCG
AAAGCGATTTTTATCTTTCTT ATTL
AAAGATTTTTATCTTTCTT ATTGCG
AAAGATTTTTATCTTTCTTY ATT G

: CTCCAGCATCGCAATAATA AAAGATTTTTATCTTTTTT ATTGC
e CTCCAGCATCGAATAATAT AAAAGATTTTTATCTTTTTIT ATTGS
[ CTCCAGCATGGAATAATA AAAGATTTT ATCTTTTTT ATTGG
e CTCCAGCATGGAATAATAT - AAAAGATTTTTATCTTTTTT ATTGH
P CTCCAGCATGLGAATAATA AAAGATTTTTATCTTTTTT ATTGC
. o CTCCAGCATCGAATAATA AAGATTTTTATCTTTTYT AT TG

CTCCAGCATOCLBAATAATA, AAAGATTTTTATCTTTCTT ATTGC

G CTCCAGCATGGAATAATA AAAGATTTTTATCTYTTCTT ATTCG
o FAAAGATTTTTATCTTTCTT ATTGG
v CTCCAGCATGG GAAAGATTTTTATCTTTCTT ATTGL
et €T CAGCATGO GAAAGATTTTTATCTTTCTT ATTGG

CT CAGCATG L GAAAGATTTTTATCTTTCTT ATTGG

Cro CTACAGCATG Hw?AAAGATTTTTATCTTTCTTTTTTTATTCC
CTACAGCATGCAATAATARNEAAAAGATTTTTACCTTTCTTTTTTITATTGG

CTCCAGCATEC AAGGATTTTTATCCTTCTT - ATTSC

N CTCCAGCATGG AAGGATTTTTATCCTTCTT ATTGG

B T CTCCAGCATGGAATAATARRE - AAGGATTTTTATCCTTCTT ATTGG

e CTCCAGCATGGAATAATA AAGGATTTTTATTCTTCTT ATTGG

e CTCCAGCATGGAATAATARE - AAGGATTTTTATTCTTCTT ATTGE

y - CTCCAGCATGGAATAATAEE - AAGGATTTTTATCCTTTTT ATTGC

: CTCCACCATGGAATAATARE AAGGATTTTTATCCTTTTT ATTCL

s CTCCAGCATGGAATAATARE AAAGATTTTTATCTTTTTT - ATTGG

e et CTCCAGCATGGAATAATARERAAAGATTTTTATCTTTITTITTY ATTGG

Cetentis AFDe e CTCCAGCATGGAATAATARGEAACGACTTTTGTCTTTCTT- ¢cTTGG

he ey CTCCAGCATGGAATAATARE - AAAGATTTTTATCTTTCTT ATTGG

e AT CTCCAGCATGGAATAATARGEAAGGACTTTTIGTCTTTCTT ATTGC

Ce . CTCCAGCATGGAATAATARGEAAGCACTTTTGTCTTTCTT ATTGG
e CTAGAGCATGGAATAATATNE AAAGATTTTTATCTTTCTT ATTGG .

CTCCAGCATGGAATAATARA AAAGATTTTTATCTTTITTT ATTGG

G CTCCAGCATGGAATAATATE AAAGATTTTTATCTTTCTT ATTG

CTACAGCATGGAATAATAJ LAAAGATTTTTATCTTTCTTTTTTTATTCr

CTCCAGCATGGCAATAATAREG- AAAGATTTTTATCTTTCTT - ATTGG,
CTTCAGCATGGAATAATA AAAGATTTTTATCTTTCTT ATTGG .

CICCAWCAT UL AATAAT A ARGLATT I TAICOT LT CATTOL




410 (54)

AugO07 F8 cl1 - Goose

Aug07 F10 condensed - Goose
140 (46) c3

Summer06 F6 c3 - unknown
Lab control (1/24/07)

C. parvum 1.16996

C. meleagridis AF112574

C. wrairl U11440

Ambler WW 13 ¢3

410 (59)
Ambler WW 16 ¢
Abj WW30¢

Sept07 Fecal 2 - Goose
Sept07 Fecal 4 consensus - Goos:
140 (64) c3

410 (58) consensus

Aug07 F2 cl1 - Goose

Aug07 F2 ¢3 - Goose

Aug07 F6 cl1 - Goose

Aug07 F7 c1 - Goose

Aug07 F8 c2 - Goose

Aug07 F2 c2 - Goose

410 (44) 2

Ablington WW 17 c2

140 (47) c2

410 (47) c1

Summer06 F3 - Deer

140 (62) consensus

Nov07 Fecal 2 - Racoon

140 (64) c4

140 (36) c1

Ambler WW 13 c1

140 (68) c3

410 (67) 3

140 (46) c2

410 (36) c1

410 (38) c3

Ablngton WW 13 ¢2

410 (38) c2

410 (40)

140 (64) c2

140 (40)

Abington WW 17 c1

140 (47) c3

140 (68) c2

March08 F3 cl - Goose

410 (36) c3

140 (65) c2

March08 F3 c2 - Goose
April07 F4 ¢3 - Calf

C. bovis AY120911

AugF 5 cl - Goose

Goose genotype | AY324642
C. hominis AF093489

C. fells AF112575

C. serpentis AF093499

C. baileyl L19068

C. andersonl AB089285

C. muris (murine) AB089284
C. canls AF112576

Cervine genotype EF641018
Deer mouse genotype Ill EF6410]
Muskrat genotype | Ef641016
Squirrel genotype DQ295014
Skunk genotype W13 AY737559
Goose genotype (KLJ-5) AY32463
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I TCTAACATAACAATAATGCATTAATAGCLACALTT L LELCATTTLTATT
.'TCTAA(.ATAA(':AATAAT(-ATTAATA(,h(.ACA(.TT(A(.L(.LCATTT(.TATT
TTCTAA(.ATAA()AATAAT{.ATTAATA(,L(.ACA(}TT:.@,{.(.(,_CATTTLTATT
T TCTAA(,ATAAGAATAAT(.ATTAATA(,(}(.ACA(;TT(,(.l’;(,.GCATTT(;TATT
TTCTAAGATAAGAATAATGATTAATAGGGACAGTTLLLLUCATTTGTATT

TTCTAAGATAAGAATAATGATTAATACLGACAGTTGLGLGCATTTGCTATT
TTCTAAGATAAGAATAATCATTAATAGGLULACALTTGLLGLGCATTTGTATT
TTCTAAGCATAAAAATAATGCATTAATAGCGCLACAGTTIGLUGGCATTTIGTATT
TTCTAAGATAAGAATAATGATTAATAGUGACALTTOGLGULGCATTTLTATT
TTCTAAGATAAGAATAATGATTAATAGGCACAGTTGGLOGCATTTGTATY
TTCTAAGCATAAGCAATAATGATTAATAGGGACAGTTOLOLULGGCATTTOGTATT
TTCTAAGATAAGCAATAATGATTAATAGGGACAGTTGGOGOGOGCATTTGTATT
TTCTAAGATAAGAATAATGCATTAATAGULGACAGTTGLOCLULUCATTTGTATT
TTTTAAGCATAAGCAATAATGCATTAATALGGACAGTTGLGUGGCATTTOGTATY
TTTTAAGATAAGAATAATGATTAATAGGGACAGTTGGGUGCATTTGTATT
TTCTAAGATAAGAATAATGATTAATAGGUACAGTTLLLULGCATTTOCTATT
TTTTAAGATAAGAATAATGATTAATACCGACACTTGGLCGGCATTTGTATT
TTTTAAGCATAAGAATAATGATTAATAGCGACAGTT G LGCATTTOTAT
TTTTAAGATGAGCAATAATGATTAATAGGGACAGTTG GCATTTGTATT
TTTTAAGATAAGCAATAATGCATTAATAGLGACAGTTY LGCCATTTCOCTATT
TTTTAAGATAAGAATAATGATTAATAGLGACAGTTGL GCATTTGTATT
FTTTAAGATAAGCAATAATGCATTAATAGGGACAGTT G CCATTTOLTATT
TTCTAAGATAAGAATAATCATTAATAGGCGACAGTTG CGCATTTGTATT
TTCTAAGATAAGAATAATGCATTAATAGGGACACTTCGGCLLLCATTTLOTATT
TTCTAAGATAAGAATAATGATTAATAGGGACAGTTGGGGCCATTTGTATT
TTCTAAGATAAGAATAATGATTAATACGGACAGTTUGLUGLTCATTTGTATT
TTCTAAGATAAGAATAATGATTAATAGGGACAGTTULUGUCATTTGYATT
TTCTAAGATAAGAATAATGACTAATAGGGACAGCTTGOGGGCGCGCATTTCTATT
TTCTAAGATAAGAATAATGATTAATAGCCGCACAGTTCGGOGGCATTTCTATT
TTCTAAGATAAGAATAATGATTAATAGGCGACAGTTGOLGGGCATTTGTATT
TTCTAAGATAAGAATAATGCATTAATAGGCGACACTTLGCULUCATYTCTATT
FTCTAAGATAAGAATAATGCATTAATAGGCUGACAGTTLOGCGLGGCATTTGTATT
TTCTAACATAAAAATAATGCATTAATAGCGCGCACALTTCLLGGCATTTOTATT
TTCTAAGATAAAAATAATCATTAATAGGGACAGTTGULUGOCCATTTGTATTY
TTCTAAGATAAAAATAATCATTAATACGLACAGTTLLGLLCATTTOGTATT
TTCTAAGATAAAAATAATGATTAATAGGGACAGTTCGGGGCATTTGTATT
TTCTAAGATAAAAACAATGATTAATAGGCGACAGTTGULUGCATCTGTATT
TTCTAAGATAAAAATAATGCATTAATAGGGACAGTTCULGLGCATTTSGTATT
TTCTAAGATAAAAATAATGATTAATAGCUACACTTLGLUGCATTTGTATT
TTCTAAGATAAGAATAATGATTAATAGGGACAGTTGGGGGCATTTGTATT
TTCTAAGATAAGAATAATGCATTAATAGGGACAGTTGULLGGCATTTGCTATT
TTCTAAGATAAGAATAATGATTAATAGUGACAGTTOCGGGGCATTTGTATT
TTCTAAGATAAAAATAATGATTAATAGGGACAGTTLLLLLCATTTGYATT
TTCTAAGATAAAAATAATGATTAATAGCGACAGTTGGGGGCATTTGTATT
TTCTAAGATAAAAATAATGATTAATAGGGLGACAGTTGCULGCATTTGTATT
TTCTAAGATAAAAATAATGATTAATAGGCACAGTTGOGGOGCATTTGTATT
CTCTAAGATAAAAATAATCATTAATACGCGACAGTTGCGUGGGCATTYIGTATT
TTCTAGGCATAAAAATAATGATTAATAGGGACAGTTCCGGGCATTTGTATT
TTCTAGGATAAAAATAATGATTAATAGGGACAGTTGGGGGCATTTGTATT
TTCTAGGCATAAAAATAATCATTAATAGGGCACAGCTTOEGGUCCCATTTSCTATY
TTCTAGAATAAAAATAATGATTAATAGGGACAGTTGGGGGCATTTGTATT
TTCTAGAATAAAAATGATCATTAATAGCGACAGTTGCGCGCOGCATTTGTATT
TTCTAGCGATAAAAATAATGATTAATAGCGGCACAGTTGGCCCCATTTGTATT
TTCTAGGATAAAAATAATGATTAATACGCACAGTTCLGGUGGCCATTTOCTATT
TTCTAAGATAAGAATAATGATTAATAGGGACAGTTGSGGGGCATTTGTATT
TTCTAAGATAAAAATAATGATTAATAGUCGCACAGTTLCULGLCATTTOGTATT
TTCTAGGATAAAAGTAATGGTTAATACGCGACAGTTGGOGGGGCATTCGTATT
TTCTAGGATAAAAATAATGCATTAATAGGCCACACTTUGGCLCGOGCATTYTGTATY
TTCTAGGACAAAAGTAATGGTTAATAGCGGCGACAGTTGGGGCGCATTCGTATT
TTCTAGGACAAAAGTAATGGTTAATAGGGACAGTTGGGULGCATTCGTATT
TTCTAAGATACAAATAATCATTAATAGGGACAGTTGGCGGGCATTTGTATT
TTCTAAGATAAAAATAATGATTAATAGGGACAGTTGGGUGGCATTTGTATT
TTCTAAGATAAGAATAATGATTAATAGCGACAGTTCGLCGCGCATTTCTATT
TTCTAAGATAAAAATAATGATTAATAGGCACAGTTGGGGOCCATTTGTATT
TTCTAAGATAAAAATAATGATTAATAGGGACAGTTGGGGGCATTTGTATT
TTCTAAGATAAGAATAATGATTAATAGGCGLACALTTCGGOGLGCATTTOLGTATT,
FTCTACUATAAAAATAATVATNTAATACGGACALT I bu v e CAT T I L VAT 17 .




410 (59)

AugO07 F8 c1 - Goose

Aug07 F10 condensed - Goose
140 (46) c3

Summer06 F6 ¢3 - unknown
Lab control (1/24/07)

C. parvum 116996

C. meleagridis AF112574

C. wrairl U11440

Ambler WW 13 ¢3

410 (59)

Ambler WW 16 consensus
Abl WW30c

Sept07 Fecal 2 - Goose
Sept07 Fecal 4 consensus - Goos:
140 (64) c3

410 (58) consensus

Aug07 F2 cl - Goose

Aug07 F2 ¢3 ~ Goose

Aug07 F6 cl - Goose

Aug07 F7 c1 - Goose

Aug07 F8 c2 - Goose

Aug07? F2 c2 - Goose

410 (44) 2

Abington WW 17 c2

140 (47) 2

410 (47) c1

Summer06 F3 - Deer

140 (62) consensus

NovO7 Fecal 2 - Racoon

140 (64) ¢4

140 (36) c1

Ambler WW 13 c1

140 (68) c3

410 (67) <3

140 (46) c2

410 (36) c1

410 (38) 3

Abington WW 13 ¢2

410 (38) c2

410 (40)

140 (64) c2

140 (40)

Abington Ww 17 c1

140 (47) 3

140 (68) c2

MarchO8 F3 c1 - Goose

410 (36) 3

140 (65) c2

March08 F3 c2 - Goose
April07 F4 3 - Calf

C. bovis AY120911

AugF 5 c1 - Goose

Goose genotype 1 AY324642
C. hominls AF093489

C. felis AF112575

C serpentis AF093499

C. baileyl 119068

C. anderson| AB089285

C. muris (murine) AB089284
C. canls AF112576

Cervine genotype EF641018
Deer mouse genotype {l! EF6410)
Muskrat genotype | Ef641016
Squirref genotype DQ295014
Skunk genotype W13 AY737559
Goose genotype (KLJ-5) AY32463
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INTENTIONA_L SECOND EXPOSURE

CGA
TAACAGTCAGAGCTCAAATTCTTAGATTTUTTAAAGACAAACTAATLCGA
TAACAGCTCAGAGGTHLAAATTCTTAGATTTOCTTAAAGACAAACTAATLCGA

(R [AACAGCTCAGCAGCLCTGAAATTCTITAGATTTGTTAAAGCACAAACTAAT .

[ENITEYTI IVIN

PRy

1ty pe 0]

[SOLENY!

oo,

TAACAGCTCAGAG
TAGCCALCTCAGAL
TAACAGCTCAGAG
TAACAGTCAGAG
TAACACTCAGAG
TAACAUCTCAGACG
TAACAGCTCAGACG
TAACAGTCAGACG
TAACAGCTCAGACG
TAACAGTCAGACG
TAACAGTCAGAG
TAACAGTCAUGAG
TAACAGTCAGAGC
TAACAGTCAGAG
TAACAGTCAGAG
TAACAGTCAGACG
TAACAGTCAGAG
TAACAGTCAGAG
TAACACTCAGAC
TAACAGTCGGAG
TAACAGTCGGAG
TAACAGTCGGLAG
TAACAGTCGCAG
TAACAGTCAGAG
TAACAGTCAGACG
TAACAGTCACAG
TAACAGTCAGAC
TAACAGTCAGAG
TAACAGTCAGAUG
TAACAGTCAGAWG
TAACAGCTCAGAG
TAACAGTCAGAG
TAACAGTCAGAG
TAACAGTCAGAG
TAACAGTCAGACG
TAACAGTCAGAG
TAACAGTCAGAG
TAACAGTCAGACG
TAACAGTCAGAG
TAACAGTCAGAL
TAACAGTCAGACG
TAACAGTCAGAC
TAACAGTTAGACG
TAACAGTTACGACG
TAACAGTCAGAG
TAACAGTCAGAG
TAACAGTCAGAG
TAACAGTCAGAC
TAACAGTCAGAG
TAACAGTCAGAG
TAACAGTCAGAC
TAACAGTCACGCAG

GCTGAAATTCTTAGATTTGTTAAAGACAAACTAATGCGA
CTGCAAATTCTTAGATTTGCTTAAACACAAACTAATLCLA
GTGAAATTCTTAGATTTOCTTAAAGACAAACTAATGCGA
GTGAAATTCTTAGATTTGTTAAAGACAAACTAATGCGLA
GTGAAATTCTTACATTTGTTAAAGACAAACTAATGCGA
CTGCAAATTCTTAGATTTGTTAAAGACAAACTAGTLCLA
CTGCAAATTCTTAGATTTGCTTAAAGCACAAACTAATCCGA
CTGAAATTCTTAGATTTGTTAAAGCACAAACTAATGLCLA
CTGAAATTCTTAGATTTCTTAAAGACAAACTAATCCGA
CTGAAATTCTTAGATTTGTTAAAGACAAACTAATGCGA
CTGAAATTCTTAGATTTUTTAAAGACAAACTAATGCLA
GTGAAATTCTTAGATTTGTTAAAGACAAACTAATCGCGA
GCTGAAATTCTTAGATTTGTTAAAGACAAACTAATLCGA
CTCAAATTCTTAGATTTCTTAAAGACAAACTAATGCGA
CTGCAAATTCTTAGATTTGCTTAAAGACAARACTAATGLCULA
CTGAAATTCTTAGATTTCTTAAACACAAACTAATGCCGA
GTGAAATTCTTAGATTTGTTAAAGACAAACTAATGCGA
CTGAAATTCTTAGATTTGCTTAAAGACAAACTAATGCGA
CTCAAATTCTTACATTTGCTTAAAGACAAACTAATGCLA
CYTGLCAAATTCTTAGCATYTTGTTAAAGACAAACTAATGCGA
GCTGAAATTCTTAGATTTUTTAAAGACARACTAATCCGA
GTGCAAATTCTTAGATTTGCTTAAAGCACAAACTAATGCGA
CTGAAATTCTTAGCATTTOCTTAAAGCACAAACTAATGCGA
CTGCAAATTCTTAGATTTGTTAAACACAAACTAATGCGA
GTGAAATTCTTAGATTTUTTAAAGACAAACTAATGCCGA
CTCAAATTCTTAGATTTGOCTTAAAGACAAACTAATGCGA
CTCAAATTCTTAGATTTOGTTAAAGACAAACTAATGCGA
CTGCAAATTCTTAGATTTUTTAAAGACAAACTAATGL LA
GCTGAAATTCTTAGATTTCGCTTAAAGACAAACTAATGCGA
GTGCAAATTCTTAGCATTTGTTAAAGACAAACTAGTGCCGA
CTOLAAATTCTTAGATTTCOCTTAAAGACAAACTAGTGCGA
GTGAAATTCTTAGATTTCTTAAACACAAACTACTLCGA
GCTGCAAATTCTTAGATTTGTTAAAGACAAACTAGTGCGA
GTCAAATTCTTAGATTTGCTTAAAGACAAACTAGTGCGA
CTGAAATTCTTAGATTTGTTAAAGACAAACTAGTGCGA
GCTGAAATTCTTAGATTYGCTTAAAGACAAACTAGTGCCA
CGTGAAATTCTTAGATTTGTTAAAGACAAACTAATGCGA
CTGCAAATTCTTAGATTTGTTAAAGACAAACTAATGCSA
CSTGAAATTCTTAGATTTCTTAAAGCACAAACTAATGCGA
CTGAAATTCTTAGATTTGTTAAAGACAAACTAATGCGA
GCGTCAAATTCTTAGATTTGTTAAAGACAAACTAATGCGA
CTGAAATTCTTAGATTTGTTAAAGACAAACTAATGCGA
GTGCAAATTCTTAGATTTGTTAAAGACAAACTAATGSCGA
GTGAGATTCTTAGATTCCTTAAAGACAAACTAATGCGA
CTGCAAATTCTTAGATTTGTTAAAGACAAACYACTGCGA
GTCAAATTCTTAGATTTCTTAAAGACAAACTACTGCGA
GCTGAAATTCTTAGATTTGTTAAAGACAGCGCTACTCCUA
CTGAAATTCTTAGATTTGCTTAAAGACAAACTACTCCGA
CTCAAATTCTTAGATTTCTTAAAGACAAACTACTGCGA
GTGAAATTCTTAGATTTGCTTAAAGACAAACTACTGCGA
GTGAAATTCTTAGATTTGTTAAAGACAAACTACTGCLA
CTGCAAATTCTTAGATTTGTTAAAGACAAACTAATGCCA

TAACAGTCAGAGGTCATATTCTTAGCATTTCTTAAAGCACAAACTAATGLCGA
TAACAGTCAGAGGTGCGAAATTCTTAGATTTGCTTAAAGACGAACTACTGCGA
TAACAGTCAGAGGTGAAATTCTTAGATTTGTTAAAGACAAACTACTGCUA
TAACAGCCAGAGGTGAAATTCTTAGATTTGTTAAAGACGAACTACTGCGA
TAACAGCCAGAGGTGAAATTCTTAGATTTGTTAAAGACGAACTACTGCGA
TAACAGTTAGAGGTGAAATTCTTAGATTTGTTAAAGACAAACTAATGCCA
TAACAGTCAGACGTGAAATTCTTAGATTTGTTAAACACAAACTAGTCC&A
TAACAGTCAGAGGTGAAATTCTTAGATTTGCTTAAAGACAAACTAATGCGA
TAACAGTTAGAGGTGAAATTCTTAGATTTGTTAAAGACAAACTAATGCGA
TAACAGTCAGAGGTCAAATTCTTAGATTTGTTAAAGACAAACTAATGCGA
TAACAGTCAGAGGCTGAAATTCTTAGCATTTOLCYTAAACACAAACTAATCCGA
TAACAGTCAVALLTLAAATTCTTALAT T TL I TAAALALCAAACTACT LWL LA




410 (54)

Aug07 F8 c1 - Goose

Aug07 F10 condensed - Goose
140 (46) 3

S 06 F6 c3 - unk

Lab control (1/24/07)

C. parvum L16996

C. meleagridis AF112574

C. wrairi U11440

Ambler WW 13 c3

410 (59)

Ambler WW 16 consensus
Abington WW 30 c

Sept07 Fecal 2 - Goose
Sept07 Fecal 4 consensus - Goos:
140 (64) c3

410 (58) consensus

Aug07 F2 c1 - Goose

Aug07 F2 ¢3 - Goose

Aug07 F6 c1 - Goose

Aug07 F7 cl - Goose

Aug07 F8 c2 - Goose

Aug07 F2 c2 - Goose

410 (44) 2

Abington WW 17 c2

140 (47) c2

410 (47) c1

Summer06 F3 - Deer

140 (62) consensus

Nov07 Fecal 2 - Racoon

140 (64) c4

140 (36) c1

Ambler WW 13 c1

140 (68) c3

410 (67) 3

140 (46) c2

410 (36) c1

410(38) c3

Abington WW 13 c2

410 (38) c2

410 (40)

140 (64) c2

140 (40)

Abington WW 17 c1

140 (47) 3

140 (68) c2

March08 F3 c1 - Goose

410 (36) <3

140 (65) c2

March08 F3 ¢2 - Goose
April07 F4 ¢3 - Calf

C. bovis AY120911

AugF 5 ¢1 - Goose

Goose genotype { AY324642
C. homlnis AF093489

C. fells AF112575

C. serpentis AF093499

C. baileyl L19068

C. andersoni AB089285

C. murls (murine) AB089284
C. canis AF112576

Cervine genotype EF641018
Deer mouse genotype Ill EF64101
Muskrat genotype | Ef641016
Squirrel genotype DQ295014
Skunk genotype W13 AY737559
Goose genotype (KLj-5§ AY32463
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INTENTIONAL SECOND EXPOSURE

L e ae T aose

Tlecalbd comnensus Goose

rpentes A O9 33049

IRV TR

Gt genntype FI0I0E

eer mou

Musheal genofype !

Syuitret genotype DGZYS0TI
Shanh gonotype Wit XY 747559

AAGCCATTTGCCCAAGUGATCTTTTCATTAATCAAGAACGAAAGTTACGLGLLAT
AAGCATTTGCCAAGGCATGTTTTCATTAATCAAGAACGAAAGTTACGCGGAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGCTTAGGGGAT
AAGCATTTGCCAAGGATUGTTTTCATTAATCAAGAACGAAAGTTAGGGCAT
AAGCATTTGCCAAGGATCGTTTTCATTAATCAAGAACGAAACTTAGGCGAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTACGCGGGAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGCLGLAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTGCCAACGATGCTTTTCATTAATCAAGAACGAAAGTTAGUSGAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGCGGAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AACCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAACGTTACCGGAT
AAGCATTTCCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGCULGAT
AAGCATTTGCCAAGGATCTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTCCCAAGGATCTTTTCATTAATCAAGAACGAAAGTTAGGLGAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGCTTAGGGGAT
AAGCATTTGCCAAGGCATGTTTTCATTAATCAAGAACGAAACTTAGGGLAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAALTTAGGGLGAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTGCCAAGGCATGYTTTCATTAATCAAGAACGAAAGTTAGGGLGAT
AACCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGCGCAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTUCCAAGCATGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTGCGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTACGGGAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATYTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTGCCAAGGATGTTTCCATTAATCAAGAACGAAAGTTAGGGCAT
AAGCATTTGCCAAGCATGTTTTCATCAATCAACAACGAAAGTTAGGCGGGAT
AAGCATTTGCCAAGCATGCTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTGCCAAGGATGTTFTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGCGGAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGCTTAGGGGAT
AAGCATTTGCCAAGCATOUTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTGCCAAGCGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGCGAACGAAAGTYAGGGGAT
AAGCATTTGCCAAGGATGCTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTGCCAAGCGATGTTTTCATTAATCAAGAACGAAAGCTTAGGGGAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTGCCAAGCAAGTTTTCATTAATCAAGAACCAAACTTAGGGGAT
AAGCATTTGCCAAGGAAGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTGCCAAGGAAGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTACGCGGGAT
AAGCATTTGCCAAGGATGCTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTGCCAAGGCATGTTTTCATTAATCAAGAACGAAAGTTAGGSGAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTGCCAAGGCATGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTGCCAAGGATCTTTTCATTAATCAAGAACGAAAGTTACGGGAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTGCCAAGGATCTTTTCATTAATCAAGAACGAAAGTTAGGGGCAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGSGAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTCCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTACGGGGAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT

AAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT

Goess genolypent i o atsetos AAGCATTTUVCCAALGATUTTTTCATTAATCAACAACGLAAALTTAGGLG AT




410 (54)

Aug07 F8 c1 - Goose

Aug07 F10 condensed - Goose
140 (46) c3

Summer06 F6 c3 - unknown
Lab controf (1/24/07)

C. parvum L16996

C. meleagridis AF112574

C. wrairi U11440

Ambler WW 13 ¢3

410 (59)

Ambler WW 16 consensus
Ablngton WW 30 consensus
Sept07 Fecal 2 - Goose
Sept07 Fecal 4 consensus - Goos:
140 (64) c3

410 (58) consensus

Aug07? F2 c1 - Goose

Aug07 F2 3 - Goose

Aug07 F6 c1 - Goose

Aug07 F7 c1 - Goose

AugO07? F8 c2 - Goose

Aug07 F2 c2 - Goose

410 (44) c2

Abington WW 17 ¢2

140 (47) 2

410 (47) c1

Summer06 F3 - Deer

140 (62) consensus

Nov0? Fecal 2 ~ Racoon

140 (64) c4

140 (36) c1

Ambler WW 13 c1

140 (68) ¢3

410 (67) 3

140 (46) c2

410 (36) c1

410 (38) 3

Ablngton WW 13 c2

410 (38) 2

410 (40)

140 (64) c2

140 (40)

Abington WW 17 c1

140 (47) c3

140 (68) c2

March08 F3 c1 - Goose

410 (36) c3

140 (65) c2

March08 F3 c2 - Goose
AprlI07 F4 c3 - Calf

C. bovis AY120911

AugF 5 c1 - Goose

Goose genotype | AY324642
C. hominis AF093489

C. felis AF112575

C. serpentis AF093499

C haileyi 119068

C. andersonl AB089285

C. murls (murine) AB089284
C. canis AF112576

Cervine genotype EF641018
Deer mouse genotype lli EF6410]
Muskrat genotype | Ef641016
Squirrel genotype DQ295014
Skunk genotype W13 AY737559
Goose genotype (KLJ-5) AY32463
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INTE_VN]"IONAL SECOND EXPOSURE

RELERRR CGAAGUACGATCAGCATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA

CCLCAAGACGATCAGATACCCTCGTAGTCTTAACCATAAACTATGCCAACTA
et cendeneed e CGAAGACGATCAGATACCGTCCTAGTCTTAACCATAA‘ACTATCCCAACTA
e CGAAGACGAACAGCATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
AR Nl P PR I TS TP V) CGAAGACGATCAGATACCGTCGCAGTCTTAACCATAAACTATGCCAACTA
: . v ' CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
Coparann Drannn CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
s CGCAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA

CCAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
R e CGCAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
AR CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA

et agn

EERTIFRIE

h TeronsenLes CGCAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA

REIE BRI CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
Sepr e C sy CGCAAGACCATCAGCATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
Septt becal 4 cansenses (w0s CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA

Vo g s CCAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
R R R TR R PPN CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
: oGt CGCAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
CGCAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
CGCAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
CGAAGACGATCAGATACCGTCULUTAGTCTTAACCATAAACTATCCCAACTA
CGCAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCCAACTA
CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATCCCAACTA
Hope crcott CGAACACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA

[REONS CGCAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
5 Tit CGAAGACGATCAGATACCGTCUTAGTCTTAACCATAAACTATGCCAACTA
CGCAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
CCAAGACGATCAGATACCCTCGTAGTCTTAACCATAAACTATGCCAACTA
CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
CGCAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTGTGCCAACTA
CCAAGACGATCAGATACCGCTCUGTAGTCTTAACCATAAACTATGCCAACTA

vt CCAAMAGACGATCAGATACCGCGTCGTAGTCTTAACCATAAACTATGLGCCAACTA
- CCAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
Ao i CGCAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
[EIEREIE B CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
A CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACCA
ot CLUAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACCA
CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACCA
CGCAAGACGATCAGATACCGCTCGTAGTCTTAACCATAAACTATGCCAACTA
CGAAGACGATCAGCATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
CLAAGACGATCAGATACCGTCUTAGTCTTAACCATAAACTATGCCGACTA
CUAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCGACTA
CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAA-CTATGCCGACTS
CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACT A
CGCAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCGACTA

FRRTIS CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCGACTA
. CGAAGACCATCAGATACCGTCGTACTCTTAACCATAAACTATGCCAACTA

. CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGLCCAACTA
C osetpentis AFOH 3305 CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCGACTA
PG CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCGACTA

B CGCAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCGACTA
o ARNRGIRG CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCGACTA

i

Cvams AFTION 0 CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
Corvine genoipe Hod101a CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
Dewr mouse genctype M F16316 CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
Mushoat genotype § (93101 CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
squitrel gerotype DG295014 CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA
Skunk aenetiype W13 AY?3753% CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCAACTA

CCUAAGACUVATCAGVATACK

Lddhe

,T'Lx.j'An.W'LiYAACCA]’AAA\?iAi GCCELATCT A




410 (54)

Aug07 F8 cl - Goose
Aug07 F10 condensed - Goose
140 (46) c3

Summer06 F6 <3 - unknown
Lab control (1/24/07)

C. parvum L16996

C. meleagridis AF112574

C. wrairi U11440

Ambler wwW 13 ¢3

410 (59)

Ambler WW 16 consensus
Abington WW 30 ¢

Sept07 Fecal 2 - Goose

Sept07 Fecal 4 consensus - Goos

140 (64) c3

410 (58) consensus
Aug07 F2 cl - Goose
Aug07 F2 c3 - Goose
Aug07 F6 cl - Goose
Aug07 F7 cl - Goose
Aug07 F8 c2 - Goose
Aug07 F2 c2 - Goose
410 (44) 2

Abington WW 17 c2
140 (47) 2

410 (47) c1

Summer06 F3 - Deer
140 (62) consensus
Nov07 Fecal 2 - Racoon
140 (64) c4

140 (36) c1

Ambler WW 13 c1

140 (68) c3

410 (67) c3

140 (46) c2

410 (36) c1

410 (38) ¢3

Abington WW 13 c2
410 (38) c2

410 (40)

140 (64) c2

140 (40)

Abington WW 17 c1
140 (47) 3

140 (68) c2

March08 ¥3 cl - Goose
410 (36) c3

140 (65) c2

March08 F3 c2 - Goose
April07 F4 c3 - Calf

C. bovis AY120911
Augf 5 c1 - Goose
Goose genotype | AY324642
C. hominis AF093489
C. felis AF112575

C. serpentis AF093499
C. baileyi L19068

C. andersoni AB089285
C. muris (murine) AB089284
C. canis AF112576
Cervine genotype EF641018

Deer mouse genotype lil EF64101G

Muskrat genotype | Ef641016
Squirrel genotype DQ295014

skunk genotype W13 AY737559 G
Goose genotype (KLJ-5) AY32463 G
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INTENTIONAL SECOND EXPOSURE

LRI

o
(P64101R
AR R RIS AN
vpe d bresiog

R

~ CAGATTG

CAUVATTGCLCAGLTTOGTTCCTTACTCCTTCAGCACCTTA
CAGATTOGLLOGETTOGTTCCTTACTCCTTCAGCACCTTA
CAGATTGGAGGTTGTTCCTTACTCCTTCAGCACCTTA
LCAGCATTLOCAGOUTTOCTTCCTTACTCCTTCAGCACCTTA
CAGATTLUAGUTTGTTCCTTACTCCTTCAGCACCTTA
GCACATTGOGAGGTTOGTTCCTTACTCCTTCAGCACCTTA
CACATTLGGCAGGTTGTTCCTTACTCCTTCAGCACCTTA
CAGCATTGGAGUYITGTYTTCCTTACTCCTTCAGCACCTTA
CGCAGGTTGTTCCTTACTCCTTCAGCACCTTA
LGAGATTGCGAGOGTTGTTCCTTACTCCTTCAGCACCTTA
LCAGATTCGAGGTTGTTCCTTACTCCTTCAGCACCTTA
CAGATTCCAGGTTGTTCCTTACTCCTTCAGCACCTTA
CAGCATTGGAGOGTTGTTCCTTACTCCTTCAGCACCTTA
CAVCATTGUGAGOGTYTTGTTCCTTACTCCTTCAGCACCTTA
CAGUTTCTTCCTTACTCCTTCAGCACCTTA
GAGGTTGTTCCTTACTCCTTCAGCACCTTA
GAGCGGTTSTTCCTTACTCCTTCAGCACCTTA
GCAGCGGTTGTTCCTTACTCCTTCAGCACCTTA
GAGLTTGTTCCTTACTCCTTCAGCACCTTA
GAGGTTOGTTCCTTACTCCTTCAGCACCTTA
CAGGTTOGTTCCTTACTCCTTCAGCACCTTA
CAGGTTOCTTCCTTACTCCTTCAGCACCTTA
GAGGTTGTTCCTTACTCCTTCAGCACCTTA
CAGCGTTGTTCCTTACTCCTTCAGCACCTTA
CAGOLTTGCTTCCTTACTCCTTCACCACCTTA
CAGUGTTOCTTCCTTACTCCTTCAGCACCTTA
GACGTTGTTCCTTACTCCTTCAGCACCTTA
GAGGCTTGTTCCTTACTCCTTCAGCACCTTA
GAGGYTTGTTCCTTACTCCTTCAGCACCTTA
GACCYTOGTTCCTTACTCCTTCAGTCACCTTA
GAGGTTOGTTCCTTACTCCTTCAGCACCTTA
GCAGGTTOUCTTCCTTACTCCTTCAGCACCTTA
CAGLUTTGCTTCCTTACTCCTTCAGCACCTTA
GAGCLTTUTTCCTTACTCCTTCAGCACCTTA

GAGATTG
GACATTG
CACATTCG
GCAGATTCG
GAGATTG
CAGATTG
LSAGATTG
GAGATTG
GAGATTG
CAGATTGC
GAGATTC
GAGATTG
GCCLATTG
GCACATTG
GAGATTC
GCAGATTCG
CAGATTG
CAGATTC
LAGATTG

CALATTGGACG
CAGCATTCGAL
CAGCATTLOCGAG
CACATTGGACG
GCAGATTGGAG
GCACATTLGAC
CAGCATTCCAG
GAGATTGGAG

GCTTGTTCCTTACTCCTTCAGCACCTTA
CTTGTTCCTTACTCCTTCAGCCACCATA
CTTGCTTCCTTACTCCTTCAGCACCTTA
GTYTTOCTTCCYTACTCCTTCAGCCACCTTA
GTTGTTCCTTACTCCTTCAGCACCTTA
CTTCTTCCTTACTCCTTCAGCACCTTA
GTTGTTCCTTACTCCTTCAGCACCTTA
CTTGTTCCTTACTCCTTCAGCCACCTTA

CACATTUGGAGCGTTOGTTCCTTACTCCTYTCAGCACCTTA
GACATTGCGGAGOGTYGTTCCTTACTCCTTCAGCACCTTA
GCAGATTGGAGCTTSCTTCCTTACTCCTTCAGCACCTTA
GCAGATTGGAGGTTGTTCCTTACTCCTTCAGCACCTTA
CAGATTCCAGGTTGCTTCCTTACTCCTTCAGCACCTTA
CAGATTOCCAGCCTTSCTTCCTYTTACTCCTTCAGCACCTTA
CAGATTGCGAGGCTTGTTCCTTACTCCTTCAGCACCTTA
LCAGCATTCGAGGTTGTTCCTTACTCCTTCAGCACCTTA
GAGATTCCAGLCTTOGTTCCTTACTCCTTCAGTCACCTTA
SAGAT - - -
GAGATTGUGAGLTTOTTCOCTTACTCCTTCAGCACCTTYA
CAGCATTCGAGGTTGTTCCTYTTACTCCTTCAGCACCTTA

GAGATTULCGAC
CAGATTGCGGAG
GCAGATTGCGAG
CAGCATTGGAG
GAGATTGGAG

LGTTOGTTCCTTACTCCTTCAGCACCTTA
GTYGTTCCTTACTCCTTCAGCACTTTA
CTTGTTCCTTACTCCTTCAGCACCTTA
GCTTGTTCCTTACTCCTTCAGCACCTTA
GTTGTTCCTTACTCCTTCAGKCACCTTA

GCAGATTGGAGGTTGTTCCTTACTCCTTCACCACCTTA
GAGATTGGAGGOGTTGTTCCTTACTCCTTCAGCACCTTA
CAGATTGGAGGTTSCTTCCTTACTCCTT
GAGATTGGAGGT

GACATTLGACSCTTOGTTCCTTACTC
GAGATTOCCAGGTTGYTTCCTTACTCCTTCAGCACCTTA
CAGATTLGAGCT -

A

LATTLCOCALUT T LWl FCCTTACTLUTTUCAGLALCGCTE T A
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