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Current methods for establishing the presence of bacteria in tissue samples include (but are not 

limited to) targeted detection of specific taxa using polymerase chain reaction (PCR), and 

cultivation, which is considered the gold standard for disease diagnosis in many pathogenic 

species of bacteria.22,37 Additionally, specific reactive antibody detection (serology) can be used 

to detect current or past exposure to certain types of bacterial organisms. Limitations of these 

techniques include antibody cross reactivity and persistence of titers at detectable levels, which 

can make it difficult to diagnose an active (rather than historic) infection (serology);19,30,41 and 

prolonged time to obtain results (culture).19,41 It should be noted that most serum antibody 

detection and targeted PCR tests are agent-specific in that primers and antigens need to be 

selected and generated prior to performing diagnostics tests. There are multiple reasons for 

performing diagnostic tests on wildlife samples. The presence of or exposure to a specific 

organism may to be suspected, alternatively, there may be a compelling public health or food 

safety reason to monitor for that agent.  

Serology allows for detection of active infection or past exposure, and is an invaluable 

tool for assessing exposure of populations to pathogens. However, determining if the organism(s) 

in question is present at sampling based on serology can be difficult.19,41 Typically early in an 

initial active infection (1-2 weeks) no specific antibody is detectable;13,30 the immunoglobulin M 

titer then begins to rise and can remain elevated during active or recent infection. The 

immunoglobulin G titer rises during convalescence and can remain high for many years or a 

lifetime.30 Antibody cross reactivity (e.g. Brucella and Yersinia) adds additional uncertainty to 

interpreting serologic results.9,11,25 Finally, antibody detection often relies on species-specific 
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reagents, and not all assays are validated for the host species and associated bacteria for which 

they are used.17  

 The gold standard for diagnosing most active bacterial infections is culture and isolation 

of the causative agent.22,37 Culture confirms that live organisms are present in the tissue of 

interest. Culture methods are also used to compare biochemical and phenotypic characteristics of 

type strains to the isolate to be identified.7 However, due to diversity beyond that recognized by 

phenotypic identification schemes, an unambiguous identification cannot always be made, 

resulting in uncertain identification of the isolated organism or the need for follow-up tests to 

arrive at a final diagnosis. Some bacteria are fastidious, and diagnostic laboratories may not be 

equipped to culture them or may not attempt isolation.36 Organisms must also be viable in order 

to be successfully cultured. In most clinical specimens viability is typically not a concern, 

however, in poorly preserved tissue specimens, freezer archives, or when shipping long distances, 

this requirement may be problematic to achieve. Biosafety and biosecurity also must be 

considered when growing certain organisms (e.g. Bacillus anthracis, Francisella tularensis, 

Yersinia pestis), limiting diagnostic culture capabilities in some facilities.14,29 

 Polymerase chain reaction (PCR) is a commonly used and highly sensitive diagnostic tool 

that can rapidly detect or identify bacterial DNA through sequencing of amplicons. Multiplexing 

has led to tests that can diagnose multiple pathogens simultaneously.2 Further, PCR can be used 

to amplify any part of a bacterial genome, and commonly amplified segments include regions 

coding for plasmids, virulence factors, and membrane proteins.10,38 While these genes can be 

used to quickly identify certain pathogenic bacteria, none of these are common to most bacterial 

species. The use of a broad-based PCR surveillance method for bacterial DNA using a universal 

target is worthy of exploration, development, and ultimately strategic implementation. 
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 The 16S rRNA gene is common to all bacteria and encodes the 16S ribosomal RNA 

subunit. This gene is present in eukaryotic mitochondria as well, but its sequences are clearly 

divergent from bacterial 16S rRNA genes so that primers that amplify most bacterial 16S rRNA 

gene sequences will not amplify those from eukaryotic mitochondria.27 The bacterial 16S rRNA 

gene is approximately 1,542 base pairs in length and is critical to bacterial cell function. The 

gene contains regions that are highly conserved allowing for selection of broad-based primers. It 

also contains regions that are variable or hypervariable, providing opportunities for sensitive 

differentiation between bacterial taxa.5,20 Characterization of conserved and variable regions has 

made sequencing and analysis of the 16S rRNA gene a useful tool in bacterial phylogenetic 

analyses.20 

The 16S rRNA gene is used extensively in microbiological applications; most notably in 

the fields of microbial ecology and in determining phylogenic relationships of bacteria and 

archea.34,39 Additionally, PCR and sequencing of the 16S rRNA gene has been used in 

applications to identify human bacterial pathogens and is integral to the study of the human 

microbiome.12,18 Two studies examined the usefulness of broad ranged 16S rRNA targeted 

primers in the diagnosis of septic arthritis,3,31 and one examined an application to the field of 

human endodontics.15  

A similar 16S rRNA gene PCR technique has been used to identify an animal pathogen,16 

and some veterinary diagnostic laboratories are using 16S rRNA gene amplification to identify 

bacteria in tissue samples, and data from some published surveillance efforts exist.8 It is 

important that we monitor wildlife populations for bacterial disease agents, as the majority of 

emerging human disease events originate in wildlife.21 Additionally, wildlife tissue sample 

collection is often done opportunistically and the amount of tissue collected can be limited. 
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Therefore it is important to develop surveillance tools that are broad-based and can detect more 

than one type of bacterial disease agent. 

 In the current study, both endpoint and quantitative real-time PCR (qPCR) techniques 

and their application to disease surveillance in diverse taxa of wildlife are described. These 

techniques use universal primers that amplify the 16S rRNA gene from bacteria present in 

certain tissues that should not normally contain bacteria in healthy (uninfected) individuals (e.g. 

spleen, liver, lymph node, kidney, reproductive tract) as an indication of infection or 

contamination. The 16S rRNA gene PCR products from both end-point and qPCR were partially 

sequenced without cloning to determine what bacterial taxon was present in positive samples.  

 

2.2 Materials and Methods 

 

2.2.1 Sample Collection  

A total of 1298 blood and tissue samples were utilized for this survey, see Table 2.1 for a 

summary of samples. Tissue samples from apparently healthy foxes were collected 

opportunistically from trappers and hunters throughout Alaska. Harbor seal samples (blood) were 

collected under the National Marine Fisheries Service (NMFS) scientific research permit #358-

1787 and sampling was performed with the approval of the Alaska Department of Fish and 

Game Animal Care and Use Committee (ACUC) approval (#07-16 modified/renewed). Dolphin 

samples (blood) were collected under NMFS scientific research permit #522-1785 and sampling 

was performed with approval of the Mote Marine Laboratory Institutional ACUC (#08-09-RW1, 

and 09-09-RW1). Ice seal samples (tissues) were collected under permit #932-1905-00/MA-

009526 issued by the NMFS and the U.S. Fish and Wildlife Service (USFWS). California sea 
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lion and harbor seal samples (tissue) were collected under the Alaska SeaLife Center’s National 

Oceanic and Atmospheric Administration/National Marine Fisheries Service (NOAA/NMFS) 

stranding agreement. Additionally, necropsy specimens from the Alaska Department of Fish and 

Game (ADF&G), University of Alaska Fairbanks (UAF) Animal Resources Center, and local 

veterinary clinics were included when opportunistically available. Samples collected included 

spleen, liver, lymph nodes, kidney, or any lesion where infection was suspected (i.e. granuloma 

or abscess). Samples were collected aseptically in the field or at UAF or ADF&G facilities by 

wildlife veterinarians or UAF veterinary staff (from the Animal Resource Center). The foxes 

from trappers in remote areas were submitted frozen and skinned, and abdominal and thoracic 

cavities remained unopened until sampling. Information on individual foxes was not provided, so 

time from skinning to freezing, and from freezing to sampling is unknown.  

 Since samples were collected opportunistically and culture was not performed as an 

integral part of this study, culture results were only present for some tissues. Cultures were 

performed on ADF&G samples by Colorado State University Veterinary Diagnostic Laboratories 

(Ft. Collins, CO, USA). There was one culture-positive tissue from a local veterinary clinic; this 

culture was performed at Fairbanks Memorial Hospital (Fairbanks, AK, USA).   

 

2.2.2 DNA Extraction  

The DNA was extracted from tissue samples using a commerical kita following manufacturer’s 

instructions. Samples were processed and analyzed as they were received. For large batches of 

samples (n>50), DNA was extracted using a 96-well kita. One formalin-fixed tissue from a local 

veterinary clinic was pre-treated by rinsing with phosphate buffered saline as per the 

manufacturer of the kit's instructions. The remaining samples required no pretreatment, as per 
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manufacturer's instructions. To reduce the effects of potential PCR inhibitors,30,39 blood DNA 

was diluted 1:10 in nuclease free water; liver, spleen, and other tissues DNA were diluted 1:20 in 

nuclease free water prior to PCR. 

 

2.2.3 Primers 

Primers were selected flanking the 16S rRNA gene (see Table 2.2 for primer sequences) and 

were purchased from a commercial supplier.b Forward primer F2C and reverse primer R2C were 

used for the initial amplification reaction1 for both PCR and qPCR. This primer set amplifies an 

approximately 1,500 base pair portion of the 16S rRNA gene. 

 

2.2.4 End-point PCR Reactions 

End-point PCR reactions were performed on small batches of samples (n<48) as they arrived. 

Each PCR reaction contained one commercial ready-to-go PCR bead,c 18 µl of nuclease-free 

water, 10 pmol of each primer F2C and R2C, and 5 µl of diluted DNA template for a total 

reaction volume of 25 µl. Reactions were performed using a thermal cyclerd. Thermocycler 

settings for end-point PCR reactions were as follows: 3 minutes of denaturation at 94oC followed 

by 40 cycles of 30 seconds of denaturation at 94oC, 1 minute annealing at 65oC, and 1 minute 40 

seconds of extension at 72oC. A final 10-minute 72oC extension step was followed by hold at 

4oC until the reaction tubes were collected. 

One positive and one negative control were amplified with each end-point PCR reaction. 

Escherichia coli (E. coli) DNA diluted in liver, blood, or spleen DNA (depending on sample type 

being analyzed) was used as a positive control. Blood came from an apparently healthy reindeer 

housed at the UAF Large Animal Research Station. Liver and spleen DNA was extracted from 



!

!
!

!

fU!

the liver and spleen of a disease-free rat housed at the UAF Animal Resources Center. Negative 

controls were selected to match the sample type being tested (blood, liver, or spleen DNA, as 

above). Some tissue samples were not commonly received (e.g. lymph node, kidney, 

uterus/testes); liver DNA was used as a negative control in these cases. 

 Five µl of PCR reaction product was run on 1% agarose gel using standard methods in 

Tris-acetate-ethylenediaminetetraacetic acid (TAE) buffer. Each gel was stained for 20 - 30 

minutes in TAE buffer containing ethidium bromide, imaged with ultraviolet light and the image 

captured with a digital camera. Positive samples showed a sharp band at 1,500 base pairs. 

 To estimate concordance between end point PCR and qPCR, 58 DNA samples that were 

positive (and yielded a sequence) with end-point PCR were run in qPCR as described below. 

 

2.2.5 qPCR Reactions 

Quantitative real-time PCR conditions were optimized separately from end-point PCR. For large 

batches of samples (n>48), and for concordance testing, qPCR reactions were performed. Each 

qPCR reaction contained 10.5 µl of master mix,e 7.5 pmol of each primer, 3 µl of nuclease free 

water, and 5 µl of diluted DNA template for a total reaction volume of 20 µl. The qPCR 

reactions were run either in a 384-well clear optical reaction platef on a commercial systemg or in 

96-well format on another commercial system.h 

The thermal cycler settings for the qPCR assay were as follows: 10 minutes of 

denaturation at 95oC, 40 cycles of 15 seconds denaturation at 95oC, 30 seconds of annealing at 

60oC, and 2 minutes 20 seconds of extension at 72oC. This was followed by a melting curve; 

95oC for 15 seconds, 60oC for 15 seconds, and ramping to 95oC for 15 seconds. Fluorescence 
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data was collected during each annealing phase and during the determination of the melting 

curve.  

The qPCR data were analyzed using commercial software.i The qPCR reactions were 

considered positive if the cycle threshold (Ct) value was >2 lower than the lowest of the negative 

controls for each run. Dissociation (melting) curves were also used to interpret positive qPCR 

reactions: samples with a single sharp peak (in addition to meeting Ct criteria) were considered 

reliably positive.30 Peaks with a shoulder and double peaks were considered negative. 

 Positive controls consisted of DNA from either E. coli or Francisella tularensis (F. 

tularensis) subsp. novicida DNA diluted in either nuclease free water, liver DNA, blood DNA, or 

spleen DNA. Negative controls were the same as for end-point PCR. In addition to these 

negative controls, no-template-controls (nuclease free water) were included with every qPCR run, 

see detection limit section below. 

 

2.2.6 qPCR Detection Limit and Dilution Factor Determination 

E. coli (DH10B)j was grown overnight in Luria broth (LB) at 37o C, and F. tularensis subsp. 

novicida (ATCC 15482) was grown in tryptic soy broth (TSB). The following day, 100 µl of 

each overnight culture was subcultured (in their respective medium) and grown to 1 (+/- 0.05) 

optical density at a wavelength of 650 nm on a spectrophotometer.k From these broth cultures, 

eight serial ten-fold dilutions were prepared. Ten µl of each dilution was plated on LB agar or 

TSB agar, respectively, and the plates were incubated overnight. The following day colony 

numbers were counted and colony forming units/ml were calculated. Additionally, DNA was 

extracted from 1 ml of each serial dilution using a commercial kita according to the 

manufacturer's instructions. Each extraction was eluted into 200 µl of final volume. The DNA 
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concentration and purity of each standard was determined once using absorbance at 260 nm and 

the ratio of absorbance at 260 and 280 nm on one of two spectrophotometers,l,m The DNA 

extracted from these serial dilutions was used as standards in qPCR analysis and were used to 

calculate the detection limit in ng/reaction. The detection limit was defined as the smallest 

amount of bacterial DNA detectable in 95% of reactions.4  

The presence of PCR inhibitors such as hemoglobin, glycogen, and fats30,39 necessitates 

the dilution of sample DNA. To determine the optimal dilution factor, serial dilutions of bacterial 

DNA in nuclease free water (E. coli or F. tularensis) were added to different dilutions of 

negative DNA control (1:1, 1:10, 1:20, 1:50, or 1:100) obtained from different tissues and 20 

replicate qPCR reactions were carried out to determine a 95% detection limit, as above. 

 

2.2.7 Sequence Analysis 

Primers and excess dNTPs were removed from the PCR products with a commercial kitn 

according to the manufacturer's instructions. Sanger sequencing of purified PCR products was 

performed by a commercial service.o Positive samples were first sequenced with one internal 

reverse primer (R1). If the sequence from that primer appeared reliable (high base quality scores) 

and if the initial sequence aligned with a potential pathogen in BLASTn, additional sequencing 

was performed using primer F1 to increase sequence coverage and quality. Only consensus 

sequences of overlapping regions of sequences were used for sequence identification of those 

sequenced with more than one primer. A complete list of all primers (PCR and sequencing) is 

shown in Table 2.2. 

 Sequence results were manually checked for quality by inspecting electropherograms, 

then trimmed using Ridom TraceEdit (http://www.ridom.de/traceedit/). Sequences with single 
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peaks in each position on chromatograms were considered interpretable and were exported as 

text files for further alignment and analysis. Those sequenced with more than one primer (R1 and 

F1) were aligned using clustalw (http://www.ebi.ac.uk/Tools/msa/clustalw2/) using slow 

alignment type and default settings. A consensus sequence was generated for samples sequenced 

with more than one primer. The consensus sequence was defined as the sequence that was in 

common between two primers. If a discrepancy at a base pair was noted, chromatograms were 

examined and the base with higher calling score was selected to use in the consensus sequence. 

Sequences were entered into the National Center for Biotechnology Information (NCBI) Basic 

Local Alignment Search Tool (BLASTn) algorithm (http://blast.ncbi.nlm.nih.gov/) for 

identification. The 16S rDNA database was searched in BLASTn and the program was optimized 

for highly similar sequences. The BLASTn database was searched between June 2011 and June 

2013. A minimum cutoff identity score was not used, the highest identity sequence score was 

taken as the best match for the sequence obtained. 

 

2.3 Results 

To assess the sensitivity of amplification of the complete 16S rRNA gene by qPCR, a detection 

limit was determined by amplifying this gene from two different bacterial species. Extracted 

DNA from E. coli and F. tularensis subsp novicida was diluted in extraction products from 

different tissue matrices used in this study. The detection limit (Fig. 2.1) for E. coli DNA diluted 

in nuclease free water was 0.64 ng/reaction, which corresponds to 1.29 x 105 genomes 

(calculated). This method detected 0.4 pg/reaction of E. coli DNA (8 genomes) in 75% of the 

qPCR runs. Considering the dilution of samples, this (0.4 pg/reaction) corresponds to about 2.6 x 

106 genomes per ml in the original culture prior to DNA extraction. The 95% detection limit for 
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E. coli DNA spiked in a 1:10 dilution of blood DNA was 4 ng/reaction, diluted in 1:20 liver 

DNA was 40 ng/reaction, and diluted in 1:20 spleen DNA was 4 ng/reaction. These detection 

limits correspond to 1.6 x 108, 3.2 x 109, and 3.2 x 108 bacterial genomes per gram of original 

tissue when mass of tissue used for the extraction and dilutions are considered. 

 The detection limit for F. tularensis subsp novicida DNA diluted in water was 0.1 

ng/reaction (4.6x 104 genomes). This method detected 0.01 ng/reaction of F. tularensis DNA (5x 

104 genomes) in 50% of the qPCR runs. Diluted in 1:10 blood DNA the detection limit was 1 

ng/reaction (4.6 x 105 genomes), in 1:20 liver DNA was 10 ng/reaction (4.6 x 106 genomes), and 

in 1:20 spleen DNA was 10 ng/reaction (4.6 x 106 genomes). These 95% detection limits 

correspond to 9.3 x 107, 1.9 x 108, and 1.9 x 108 genomes per gram of original tissue. Similar 

detection limits were obtained for both F. tularensis and E. coli using two separate qPCR 

instruments (the same number of runs was not completed with each qPCR machine). Based on 

this detection limit data, it was determined that the optimal dilution factor for blood was 1:10, 

and for liver and spleen was 1:20. 

 A total of 225 wells of nuclease free water (no template control) were run throughout the 

course of this surveillance effort. In total, 62% (n=141) of the wells did not cross the baseline 

fluorescence threshold after 40 cycles. The average Ct value of the remainder of the no template 

controls (n=84) was 36.74 and none had a discernable melting curve. In addition, negative 

control samples (liver, spleen, and blood DNA) did not have sharp dissociation curves, therefore 

no negative control sample met our inclusion criteria for a positive sample. 

 Out of all PCR reactions (end-point and qPCR) (n=1298), 108 (8%) had detectable PCR 

product (Table 2.3). Of those 108 positives, 65 (60%) yielded interpretable sequences. Of the 65 

interpretable sequences, 48 sequences most closely matched sequences from obligate or 
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opportunistic pathogens. The 17 sequences not considered pathogens were sequences that most 

closely matched soil bacteria (5 sequences had 97-99% identity matches with an uncultured 

Burkholderia identified from soil, GenBank accession JQ400905.1), or were best matched with 

uncultured clone sequences.  

 Among end-point PCR reactions (n=454), 83 (18%) had detectable PCR product (visible 

band at 1,500 bp), 52 of those (63%) had interpretable sequences. Of the 52 sequences, 47 were 

highly similar to known or opportunistic pathogens. Among qPCR reactions (n=844), 25 (3%) 

had detectable PCR product (Ct value more than 2 below lowest negative control, single peak 

dissociation curve), 13 of those (52%) had interpretable sequences. Of those 13 sequences, 1 

(8%) closely matched known or opportunistic pathogens. Table 2.4 lists closest matches for 

sequences obtained in this study. There were more poor quality or very short sequences in qPCR 

(n=12 or 50% of total sequences), relatively fewer with endpoint PCR (n=43 or 40% of total 

sequences). All sequences except for one (a 307 bp sequence with 90% identity to Clostridium 

nexile) had identity scores >95%. Fifty of 65 sequences (77%) obtained using R1 and/or F1 had 

identity scores >97%.   

 The health status of the host was determined by reviewing necropsy reports and 

veterinary medical records. Animals captured live, or from which samples were collected for 

herd health assessments were presumed to be generally healthy. Health status was listed as either 

infectious disease suspected (n=84) or infectious disease not suspected (n=1214). The 

qualification 'infectious disease' included all disease with infectious etiology, not just bacterial 

etiologies. Sequences were obtained from 30% of tissues where infectious disease was suspected, 

and from 3% of tissues where infectious disease was not suspected (Table 2.5). Sequences 

matched opportunistic or obligate pathogen sequences in 93% (27/29) of animals suspected of 
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having infectious disease. In non-infectious disease suspects, this number was lower (58% or 

21/36).    

 Of those 58 samples that yielded good quality sequences using end-point PCR, 32 (55%) 

were positive using qPCR. Of those 32, 23 had interpretable sequences (72%). Of those, 17 

(74%) had matching sequences (genus and species), 3 more (13%) had matching sequences at 

the genus level, and 3 (13%) of the sequences did not match those obtained from endpoint PCR. 

Concordance was evaluated in all cases where possible, but most tissue samples did not 

have culture results available, as samples were collected opportunistically. In several cases 

culture or targeted PCR did confirm the results obtained by the PCR-sequencing method in the 

tissues tested. In 4 cases F. tularensis sequences were obtained from samples (snowshoe hare 

liver and spleen) that had previously been confirmed positive with targeted (Francisella-specific) 

PCR.14 Additionally, a guinea pig lung sample that was culture-confirmed positive as Bordetella 

bronchiseptica yielded B. bronchiseptica sequences with both end-point and qPCR techniques. 

Three samples yielding Streptococcus uberis sequences were cultured and sequenced with 

Streptococcus specific primers and confirmed to be S. uberis. Finally, the same organism was 

confirmed in different tissues (from the same animal) in several instances. For example, in two 

moose, E. coli was cultured from lung and kidney, and the technique described in this study 

obtained E. coli sequences from the spleen and a lymph node, an additional moose lung was 

culture positive for P. multocida, and a P. multocida sequence was obtained using the universal 

primers described here. These results are consistent with what would be expected in a systemic 

infection. 

 There were occurrences of PCR results in the same or different tissues not matching 

results from culture. In a rabbit lung sample, E. coli was cultured but a sequence most closely 
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matching Neisseria meningitidis was obtained using end-point PCR. In a mountain goat, lung 

and lymph node cultured Trueperella pyogenes, but Streptococcus uberis sequences were 

obtained using end-point PCR. In one mountain goat sample, mixed culture results (Enterobacter 

sp., Enterococcus, E. coli, Acinetobacter sp., Actinomyces, and Streptococcus) were obtained 

from both lung and lymph node, and the end-point PCR based technique described here yielded a 

sequence closely matching C. perfringens in the lung and S. uberis in the lymph node. In this 

case the C. perfringens is most likely a post mortem contaminant. Finally, in two moose E. coli 

was cultured from the lung and a C. sordellii sequence was obtained from one lymph node and a 

Streptococcus macedonicus sequence was obtained from the other’s lymph node using end-point 

PCR.   

 

2.4 Discussion 

This investigation has shown that broad-based 16S rRNA gene amplification and sequencing can 

be a valuable technique when used under the right circumstances for use in surveillance of 

bacteria that are potentially pathogenic in populations of wildlife. The PCR methods described 

here are particularly useful when infectious disease is suspected (i.e. necropsy or clinical 

specimens) in a normally sterile body tissue as a part of standard surveillance. In many cases, 

interpretable DNA sequences are obtained without the need for cloning or culture. In addition, 

both techniques are rapid and cost effective when applied to sampling efforts that involve large 

numbers of samples. 

 Previous studies have used similar 16S rRNA gene-based techniques to diagnose and 

identify pathogens in limited applications. None have used similar techniques for broad 

surveillance as applied here. As early as 1994, a PCR based assay was used to detect pathogens 
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in cerebrospinal fluid.12 Two qPCR methods to amplify the 16S rRNA gene to determine the 

etiology of septic arthritis have been reported.3,31 Additionally, fluorescent dyes and melting 

curve analysis have been used to differentiate between 17 species of Gram-positive and Gram-

negative bacteria23. Both Taq Man- and SYBR green-based qPCR techniques have been used to 

investigate bacterial concentrations in endodontic samples15. Finally, universal 16S rRNA gene 

primers have been used to amplify a Streptococcus phocae sequence from the uterine exudate in 

a spotted seal with pyometra16. 

 Various Ct cutoff levels can be utilized. Two previously mentioned qPCR studies3,31 used 

Ct cutoff values of >1 value below negative control, which is less stringent than the threshold in 

this study. The lower cutoff value used in the current study (>2 Ct values), while raising the 

detection limit, will decrease the number of false positives, and still identify clinically relevant 

bacterial loads. The detection limits in tissue determined in this study are higher than in agent 

specific qPCR assays.26,36 The higher detection limit may be due to the long PCR product (1,500 

bp, leading to less efficient PCR). In addition, the broad range of these primers can lead to 

amplification of small amounts of contamination resulting in a lower Ct value of negative 

controls. This lower Ct value of negative control samples will increase the amount of template 

DNA needed to cross the threshold at 2 Ct below the negative sample.  Despite this adjustment, 

the detection limits obtained in this study do correspond with what is quantified in clinical 

infection.7,24,29  

 Additionally, qPCR can be very sensitive, and at high cycle numbers most samples will 

cross the threshold, either due to amplification of fragments of eukaryotic DNA, or amplification 

of E. coli DNA in Taq polymerase.33 For this reason PCR using universal primers will not be as 

specific as agent-specific PCR for some bacterial taxa. Additionally, although the selected 
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primers amplify a broad range of bacterial taxa, they are not strictly universal. Based on the 

Ribosomal Database Project probe match function (http://rdp.cme.msu.edu/probematch), the F2C, 

R2C primer pair will amplify 16S rRNA genes from 2,052 (of 3,662) complete bacterial 16S 

rRNA sequences in that database (accessed 12/4/2013). 

 The initial primer set used in this study amplified nearly the entire 16S rRNA gene. If a 

sample was positive, internal primers were used to amplify a smaller segment (approximately 

500 bp) of the gene. This shorter sequence (which includes 3 variable regions) was used in our 

identification. While a minimum of 500 bp of sequence is recommended for microbial 

identification (1,300 to 1,500 is ideal),20 the technique presented here allows for screening and 

preliminary identification of bacterial DNA in tissues. If 500 bp sequences are obtained and 

aligned with less than 1% ambiguity to strains available in public nucleotide databases, bacterial 

species can be identified with confidence.20 If further identification is desired (short or 

ambiguous sequences), further sequencing using universal or specific primers can be 

performed.16 

 Additionally, not all variable regions within the 16S rRNA gene are able to distinguish 

between different species of bacteria, and there is no single variable region that is able to 

distinguish among all bacteria.5 Regions V1, V2, and V3 (amplified by F1/R1 primer set) are 

able to distinguish between most pathogenic bacterial species, but were not able to distinguish 

between some Escherichia species, Shigella species, Klebsiella pneumonia, and Enterobacter 

aerogenes.5 If sequencing these regions reveals a member of one of these genera, additional 

sequencing may be required to attempt to identify to the species level. However, it should be 

emphasized that for the host species and geographic regions targeted for this surveillance the 

need for all positive samples to be identified to the bacterial species or strain level is not required. 
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One would likely follow up when a linkage with a disease outcome is of management concern 

(public health, conservation) or scientific interest, an agent that may be emerging and worthy of 

further investigation, or a potential agent of biosecurity interest (foreign animal disease, 

bioterrorism). This is the value of the non-targeted, unbiased nature of this effort. 

 Previously published literature has not attained 100% concordance between culture and 

qPCR, or between species-specific targeted PCR and 16S rRNA gene qPCR, meaning that the 

same species is not always identified using multiple methods.3 Coinfection, or infection plus a 

contaminating bacterial organism are likely responsible for some of these differences. As 

expected, this study did not find 100% concordance between sequence data and the limited 

culture results that were available. 

 Additionally, this study examined concordance between end point PCR and qPCR on a 

limited number of available samples and did not arrive at 100% concordance. It is not surprising 

that differing PCR protocols, large amplicon size, and additional freeze-thawing (especially in 

conjunction with large amplicon size)31 may contribute to the somewhat limited concordance 

noted between end point and qPCR here. The end-point PCR and qPCR protocols developed 

during this study were optimized individually. Reagents used in each system are different and 

different optimal thermal profiles are to be expected thus limiting an interassay comparison of 

suitable rigor. These results do show, however, that both systems (end-point PCR and qPCR) can 

be adapted for use in a broad-based 16S rRNA gene PCR protocol. 

 It should be noted that only 3% of qPCR reactions (n=844) were determined to be 

positive based on Ct value and dissociation curve while 18% of end point PCR reactions (n=454) 

were considered positive based on presence of a clear band at 1,500 base pairs. This is expected, 

as the samples run in the qPCR protocol came from large collections of trapped or live sampled 
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(presumably healthy) animals. Small batches of samples provided by the Alaska Department of 

Fish and Game were from necropsy specimens of sick or injured wildlife, thus it is not surprising 

that more of these samples contained bacterial DNA from that sample pool. This batching was 

based on logistics of sample receipt and timely testing and underscores the fact that the percent 

of positive samples in the two assays cannot be compared to assess performance of the two 

assays. 

 Also, it should be noted that not all samples from animals suspected of having an 

infectious disease yielded a positive PCR result. This is because animals suspected of having 

infectious disease of any etiology (viral, bacterial, or fungal) were included in this group. It is 

likely that some of these animals had viral, fungal, or noninfectious disease, which cannot be 

detected by this assay. Alternatively, animals might have been infected with a bacterial species 

whose 16S rRNA gene could not be amplified by the primer set used in this study. Finally, some 

of these results are simply false negatives. In most cases, data from culture or agent specific PCR 

assays were not available so we could not quantify a false negative rate. The lack of culture data 

is due to the opportunistic nature of sample acquisition that was performed in collaboration with 

a variety of individual and institutions. 

The major advantages to this broad-based technique are that it is not agent-specific (non-

targeted), it is cost effective, fast, and has potential for very high throughput and relatively fast 

turnaround. Using the protocols developed for this study, the total cost per sample (including 

extraction, PCR, and sequencing) is less than $7.00 per sample. Including DNA extraction, 

positive/negative status can be obtained in less than 12 hours with either of these PCR techniques. 

If sequencing is available on-site, sequencing data takes several more hours. Sequencing was 

done off site in this study and results were available within 48 hours. The data presented here 
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show that the universal primers used will amplify many obligate and opportunistic pathogen 16S 

rRNA genes but will also amplify the 16S rRNA genes from gastrointestinal or other 

contaminants. Additionally, with on site sequencing results are available less than 24 hours after 

sample acquisition. As such it is suited to large survey efforts utilizing a batch approach.  

 Similar to interpreting other diagnostic tests, context must be considered when 

interpreting sequences obtained with either of these PCR techniques. In some cases, a sequence 

represents an obligate pathogen (e.g. F. tularensis) and should be interpreted as an abnormal 

result, but many bacteria are opportunists and only cause disease when the host is compromised, 

such as when the immune system is impaired. In support of this, it is noted that more sequences 

from opportunistic pathogens (i.e. Clostridium species) were identified in animals that were not 

considered infectious disease suspects (Table 2.4). Similar to the gold standard of culture, 

sequencing results must be interpreted in the context of clinical and environmental factors.  

 One further limitation is the inability to easily resolve coinfection or contamination with 

multiple bacteria. Cloning PCR product into a plasmid vector and performing a restriction 

fragment length polymorphism assay or next generation sequencing would aid in resolving this 

issue, but that was not within the aims and scope of this investigation.  

In conclusion, the two PCR-based techniques discussed above show potential use in non-

targeted surveillance and monitoring despite the limitations discussed above. The equipment 

required to perform end-point PCR is inexpensive and commonplace. qPCR equipment may be 

cost prohibitive. This approach (using one or both methods) would be most beneficial as an 

initial screening tool. Depending on sample size, end-point or qPCR could be used. Following 

initial PCR and sequencing; cloning, culture, or targeted PCR could be adopted, depending on 
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the research or management question related to the surveillance efforts to obtain more specific 

results.  
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2.6 Sources and Manufacturers 

a.  DNeasy Blood and Tissue Kit, Qiagen, Valencia, CA 

b.  Eurofins, Huntsville, AL 

c.  illustra PuRe Taq ready to go PCR bead, GE Healthcare, Pittsburgh, PA 

d.  MJ Mini, Bio Rad, Hercules, CA 

e.  SYBR Green Real-Time PCR Master Mix, Applied Biosystems, Foster City, CA 

f.  MicroAmp Optical 384-Well Reaction Plate with Barcode, Applied Biosystems, Foster City, 

CA 

g.  7900HT Fast Real-Time PCR System, Applied Biosystems, Foster City, CA 

h.  7500 Fast Real-Time PCR System, Applied Biosystems, Foster City, CA 

i. SDS 2.2.2, Applied Biosystems, Foster City, CA 

j.  Invitrogen, Grand Island, NY, USA 

k.  Genesys 10 uv vis, Thermo Fisher Scientific, West Palm Beach, FL 
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l.  NanoDrop 1000, Thermo Fisher Scientific, West Palm Beach, FL 

m.  DU Series 700, Beckman Coulter, Fullerton, CA 

n.  SV Wizard PCR Clean-up Kit, Promega, Fitchburg, WI 

o.  Elim Biopharmaceuticals, Hayward, CA 
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Table 2.1. Summary of all samples included in this broad-based polymerase chain reaction 

surveillance project. Sequence obtained refers to the number of 16S ribosomal RNA sequences 

obtained from that species and tissue type. 

Species Tissue n Sequences 

obtained 

Infectious 

disease 

suspecteda 

American beaver (Castor canadensis) Lymph node 2   

American black bear (Ursus americanus) Lymph node 2   

 Spleen 2 1  

American mink (Mustela vison) Unknown 5  5 

Arctic fox (Vulpes lagopus) Lymph node 1   

 Spleen 1   

Arctic ground squirrel (Spermophilus parryii) Liver 1  1 

Bottlenosed dolphin (Tursiops truncatus) Blood 11   

California sea lion (Zalophus californianus) Blood 1  1 

 Lymph node 2  2 

Canadian lynx (Lynx canadensis) Spleen 5  3 

Caribou (Rangifer tarandus) Amniotic fluid 1   

 Blood 2   

 Joint fluid 1   

 Kidney 3 1 1 

 Liver 1   

 Lung 3 1 2 

 Lymph node 45 4 5 

 Mammary gland 1   

 Peritoneal fluid 1   
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Table 2.1 continued 
 
 Spleen 53 3 6 

 Testes/uterus 11 1  

 Tonsil 1  1 

Common raven (Corvax corvax) Spleen 1  1 

Coyote (Canis latrans) Lymph node 2   

 Spleen 4   

Dall sheep (Ovis dalli) Lymph node 5 3 1 

 Spleen 11 1 1 

Domestic cat (Felis catus) Cystic fluid 1   

 Uterine material 1 1 1 

Domestic dog (Canis lupus familiaris) Blood 1  1 

 Uterine material 1   

Domestic guinea pig (Cavia porcellus) Lung 2 2 2 

Ermine (Mustella erminea) Spleen 1   

European rabbit (Oryctolagus cuniculus) Lung 1  1 

Great-horned owl (Bubo virginianus) Spleen 2 1 1 

Grizzly bear (Ursus arctos) Lymph node 3 2  

Harbor seal (Phoca vitulina) Blood 144 5  

 Lung 2   

Little brown bat (Myotis lucifugus) Lung 1   

 Spleen 2  2 

Moose (Alces alces) Blood 27   

 Joint fluid 1   

 Lymph node 16 3 7 

 Spleen 11 3 4 
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Table 2.1 continued 
 
 Unknown 1  1 

Mountain goat (Oreamnos americanus) Lymph node 4 1 3 

 Spleen 2 1 2 

Muskox (Ovibos moschatus) Lymph node 3 1 3 

 Spleen 4 2 2 

Red fox (Vulpes vulpes) Liver 355 4 1 

 Lymph node 10  1 

 Muscle 1   

 Spleen 363 4 2 

Red squirrel (Tamiasciurus hudsonicus) Spleen 2   

Reindeer (Rangifer tarandus) Liver abscess 1 1 1 

Ringed seal (Phoca hispida) Liver 5   

 Lung 1   

 Lymph node 25   

 Spleen 8   

 Testes 1   

 Thymus 3   

 Urine 1   

Sitka black-tailed deer (Odocoileus hemionus) Lymph node 1  1 

Snowshoe hare (Lepus americanus) Liver 7 3 6 

 Spleen 3 1 1 

 Unknown 1 1 1 

Spotted seal (Phoca largha) Amniotic fluid 1   

 Liver 2   

 Lymph node 6   
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Table 2.1 continued 
 
 Spleen 2   

 Urine 1   

Swainson’s thrush (Catharus ustulatus) Liver 1  1 

Wolf (Canis lupus) Blood 22   

 Kidney 7  2 

 Liver 3  1 

 Lung 6 1 1 

 Lymph node 15 1  

 Spleen 25 10 1 

Wolverine (Gulo gulo) Liver 1   

 Lymph node 1   

 Spleen 2   

Wood bison (Bison bison) Lymph node 1  1 

 Spleen 2 1 1 

Woodchuck (Marmota monax) Spleen 1   

aInfectious disease suspects were determined by reviewing necropsy reports and veterinary 

medical records.  Infectious diseases of any suspected etiology were included. Numbers in this 

column are numbers of disease suspects. 
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Table 2.2: Primers used for amplification and sequencing of the 16S ribosomal RNA gene 

 
Primer Sequence (5’ – 3’) Direction Positiona Ref 

F2C AGAGTTTGATCCTGGCTCAG Forward 8  1 

R2C AAGGAGGTGATCCANCCRCA Reverse 1541  1 

F1 GAGTTTGATCCTGGCTCAG Forward 9  26 

R1 GWATTACCGCGGCKGCGG Reverse 500  12 

a. Primer numbering relates to Escherichia coli 16S rRNA gene nucleotide position from the 5' 

end of the primer 
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Table 2.3: Overall polymerase chain reaction (PCR) and quantitative real-time PCR results.  

Positive PCR status was determined by the presence of a band at 1500 base pairs under 

ultraviolet light after staining with ethidium bromide. Positive qPCR status was determined by 

cycle threshold value (> 2 less than negative control) and by the presence of a single peak 

dissociation curve.  Sequence indicates how many interpretable sequences were obtained from 

positive samples, pathogen indicates if the sequence was associated with an obligate or 

opportunistic pathogen. 

 PCR (n=454) qPCR (n=844) Total (n=1298) 

Positive 83 (18%) 25 (3%) 108 (8%) 

Sequence 52 (11%) 13 (2%) 65 (5%) 

Pathogen 47 (10%) 1 (0.1%) 48 (4%) 
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Table 2.4: Closest identities of sequences obtained by species and tissue.  Sequence length is 

also provided.  Organisms were identified by searching sequences using the National Center for 

Biotechnology Informations (NCBI) Basic Local Alignment Search Tool (BLAST). 

Organism Species Tissuea Sequence Length Disease suspect 

(Yes,No) 

Bordetella bronchiseptica Guinea pig Lung 456 Yes 

Clostridium Wolf Spleen 193 No 

Clostridium bartletti Red fox Spleen 420 No 

Clostridium butyricum Muskox Spleen 433 Yes 

Clostridium haemolyticum Red fox Liver 444 No 

Clostridium haemolyticum Caribou LN 415 No 

Clostridium haemolyticum Caribou Kidney 438 No 

Clostridium haemolyticum Wolf Spleen 315 No 

Clostridium haemolyticum Wolf Spleen 399 No 

Clostridium haemolyticum Wolf LN 407 No 

Clostridium haemolyticum Wolf Spleen 224 No 

Clostridium nexile Caribou Uterus 307 No 

Clostridium perfringens Red fox Spleen 336 No 

Clostridium perfringens Mountain goat Spleen 409 Yes 

Clostridium perfringens Great horned owl Spleen 335 No 

Clostridium perfringens Wolf Lung 248 No 

Clostridium perfringens Caribou Spleen 436 Yes 

Clostridium septicum Muskox LN 433 Yes 

Clostridium sordellii Black bear Spleen 423 No 

Clostridium sordellii Moose LN 420 Yes 

Clostridium sordellii Grizzly bear LN 350 No 

Clostridium sordellii Dall sheep LN 372 No 

Clostridium sordellii Wood bison Spleen 318 Yes 

Clostridium sordellii Dall sheep LN 426 No 
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Table 2.4 continued 

Clostridium sordellii Caribou LN 400 No 

Escherichia coli Caribou Spleen 464 Yes 

Escherichia coli Caribou LN 460 Yes 

Escherichia coli Moose Spleen 449 Yes 

Escherichia coli Moose LN 443 Yes 

Francisella tularensis Snowshoe hare Spleen 455 Yes 

Francisella tularensis Snowshoe hare Liver 438 Yes 

Francisella tularensis Snowshoe hare Liver 506 Yes 

Francisella tularensis Snowshoe hare Unknown 516 Yes 

Fusobacterium spp. Wolf Spleen 104 No 

Fusobacterium necrophorum Reindeer Liver abscess 429 Yes 

Fusobacterium necrophorum Muskox Spleen 423 Yes 

Fusobacterium necrophorum Guinea pig Lung 212 Yes 

Neisseria meningitidis European rabbit Lung 270 Yes 

Pasteurella multocida Moose Spleen 463 Yes 

Pasteurella multocida Wolf Spleen 372 No 

Pasteurella multocida Moose Spleen 358 Yes 

Pasteurella multocida Caribou Lung 48 Yes 

Pasteurella multocida Caribou LN 440 Yes 

Streptococcus spp. Grizzly bear LN 151 No 

Streptococcus uberis or ictaluri Dall sheep Spleen 216 Yes 

Streptococcus uberis or ictaluri Dall sheep LN 313 Yes 

Streptococcus uberis or ictaluri Mountain goat LN 444 Yes 

Streptococcus macedonicus Moose LN 460 Yes 

aLN = lymph node. 
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Table 2.5: Sequences identified from tissues suspected of having infectious disease vs. tissues not 

suspected of having infectious disease. 

Health Status n Interpretable sequences 

obtained 

Suspect pathogen sequences obtained 

Infectious disease suspect 84 29 27 

Not infectious disease suspect 1214 36 21 
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Figure 2.1. Detection limits for Escherichia coli and F. tularensis DNA in water and various 

tissue matrices.  Solid squares indicate the average detection limit; open circles are the 95% 

detection limit (lowest concentration detected in 95% of quantitative real-time polymerase chain 

reactions) from 20 replicate runs.  Error bars represent one standard deviation from the mean. 
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E@B!7ntroduction!

%AA!@atching failure causes a direct reduction in avian reproductive success and represents a cost 

to individual fitness. Despite the importance of egg hatchability to fecundity in birds, the 

mechanisms of embryo mortality remain poorly understood. Viability of avian eggs declines as 

the time to incubation onset increases (1) and prolonged exposure to ambient temperatures was 

traditionally considered the primary factor responsible for this pattern (1-3). However, recent 

research suggests that microbial infection may be an important proximal mechanism of embryo 

mortality (4-6). Investigations of microbial processes acting on bird eggs have been historically 

limited to cavity-nesting species in tropical climates (4, 5, 7), but more recently expanded to 

include temperate climates and open-cup nests (6, 8, 9). 

 Potentially pathogenic bacteria may be transmitted from the cloaca or reproductive 

organs of the nesting female, or may originate in the environment (e.g., nest bowl, 10) and enter 

the egg through the shell via pores. A variety of bacteria are present on eggshells shortly after 

laying, and subsequently grow to maximum abundance after three days (6). The presence of 

water on eggshells increases the abundance and diversity of bacteria present, and appears to play 

an important role in sustaining bacterial growth (11). In tropical environments, there is a positive 

relationship between trans-shell infection and humidity and temperature, and incubation inhibits 

bacterial growth and trans-shell penetration by reducing moisture on shells (5, 12). Furthermore, 

Godard et al. (6) reported considerably higher bacterial loads on eggs in open-cup nests as 

compared to those in cavity nests, likely as a result of increased exposure to water in the former. 

In contrast, recent research suggests that in temperate climates with cooler ambient temperatures, 

incubation may not hinder bacterial growth or penetration of eggshells (9, 13).   
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 Less commonly, direct vertical transmission from the nesting female may result in 

infection or mortality of eggs.  For example, there is no direct relationship between eggshell 

contamination with Salmonella enterica Enteritidis (SE) and contamination of egg contents, 

indicating that contamination may occur in the reproductive tract (14).  Additionally, it is 

possible to isolate SE from the reproductive tracts of hens without fecal colonization (14).  

Contamination of the albumin is thought to occur as the egg passes through the oviduct. 

Campylobacter (reviewed in 15) and Mycoplasma (16) are less well studied, but are also thought 

to be vertically transmitted in avian eggs. 
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3.2 Materials and Methods 
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Figure 4.1: Single filter paper (FP) with placement of post blood soaking cut for processing 

marked with black line.   
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Figure 4.2: A conceptual model of the elution process.  Each filter paper is soaked in 

approximately 100 µL of whole blood (original volume).  After drying, approximately 20-25 mg 

(half) of dry blood products remain on filter paper (FPWB).  These FPWB can be analyzed for 

[THg] directly, or eluted as follows.  The dry blood products on FPWB are eluted in 400 µL of 

PBS, 200 µL is collected as eluate (the remaining 200 µL remains soaked into FPE).   FPE or E 

can then be analyzed for [THg]. 
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Figure 4.3: Proportion of [THg] (µg/g) in FPWB, FPE, and E relative to whole blood (WB = 1) for 

bottlenose dolphin (n=25) and harbor seal (n=34) samples.  Error bars indicate one standard 

deviation from the mean.  *Indicates significant difference in means of paired samples when 

compared to WB as gold standard (p<0.05). 
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Figure 4.4: Linear regressions of WB on FPWB, FPE, and E (with dilution factor applied).  All 

slopes are not equal to one.  Dashed lines are a 95% confidence band for the slope.  A line of 

unity (y=x) is shown in each panel.
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! U!H.>94!H?!8.;3.734>!01698.:39!34!K69/L9E!9!J<<4<035!23/.9/.!0-90!3/!=8./.40!34!0-.!

/090.!<@!K69/L9!942!0-8<1>-<10!0-.!M<80-.84!D.:3/=-.8.A!V=32.:3<6<>35!7<8L!/-<7/!0-90!

:</0!-1:94!01698.:39!=903.40/!7-<!8.=<80.2!8.5.40!943:96!.T=</18.!/090.2!.T=</18.!0<!

-98.!<8!:1/L890E!7-35-!@30/!730-!.30-.8!<8!H<0-!<@!0-.:!H.34>!9!/1/=.50.2!8./.8;<38!F%GA!

W<6.51698!0?=34>!<@!8.5.40!K69/L94!!"#$%&'()*+,+#3/<690./!/1>>./0!.30-.8!:1603=6.!

3408<21503<4/!<@!!"#$%&'()*+,+#0<!0-.!/090.E!<8!0-90!!"#$%&'()*+,+!-9/!H..4!=8./.40!34!0-.!/090.!

@<8!9!6<4>!03:.!942!-9/!23;.8/3@3.2!>8.906?A!I180-.8!7<8L!3/!7988940.2!0<!3458.9/.!<18!

142.8/094234>!<@!01698.:39!34!K69/L9!942!7366!-.6=!>132.!@1018.!=1H635!-.960-!/18;.366945.!

942!340.8;.403<4A!
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! K551890.!942!H8<92NH9/.2!:.0-<2/!98.!4..2.2!0<!32.403@?!H950.8396!=90-<>.4/!F/15-!

9/!!('*-,+)&&'#$%&'()*+,+G!34!943:96!03//1.!/9:=6./A!,-.!4.T0!5-9=0.8!<@!0-3/!0-./3/!2./583H.2!

0-.!2.;.6<=:.40!<@!9!QRP!:.0-<2!942!9!SQRP!:.0-<2!@<8!32.403@?34>!H950.8396!XMK!34!

03//1./A!,-.!:.0-<2/!0-90!7.!2.;.6<=.2!7<8L!=9803516986?!7.66!34!943:96/!7-.8.!34@.503<1/!

23/.9/.!3/!/1/=.50.2!F3A.A!4.58<=/?!/=.53:.4/GE!;/A!9/!9!/58..434>!0<<6!@<8!698>.!=<=16903<4/A!

U4!:94?!59/./!340.8=8.09H6.!XMK!/.S1.45./!98.!<H0934.2!730-<10!0-.!4..2!@<8!56<434>A!!

! ,-.!:9Y<8!92;9409>./!0<!0-.!QRP!0.5-43S1./!2./583H.2!-.8.!3/!0-90!0-.?!98.!

.T08.:.6?!H8<92NH9/.2!F3A.A!4<0!9>.40!/=.53@35GA!K22303<4966?E!0-./.!:.0-<2/!98.!5</0!

.@@.503;.E!S135LE!942!0-.!SQRP!=8<0<5<6!6.9;./!=<0.40396!@<8!-3>-N0-8<1>-=10A!Z3:30903<4/!0<!

0-./.!0.5-43S1./!345612.!0-90!30!594!<46?!H.!1/.2!<4!03//1./!@8<:!/0.836.!98.9/!<@!0-.!H<2?A!

K6/<E!.30-.8!<@!0-.!QRP!:.0-<2/!2.;.6<=.2!-.8.!7366!9:=63@?!=90-<>.4!XMKE!H10!7366!96/<!

9:=63@?!XMK!@8<:!4<4N=90-<>.435!942!5<409:34940!<8>943/:/E!/<!598.!:1/0!H.!09L.4!

7-.4!340.8=8.034>!/.S1.45.!8./160/A!X./=30.!0-./.!63:30903<4/E!0-./.!H8<92NH9/.2!QRP!

:.0-<2/!-9;.!9!=695.!34!0-.!32.403@35903<4!<@!H950.8396!23/.9/.!34!736263@.A!!

! I<66<734>!0-.!2.;.6<=:.40!<@!H8<92NH9/.2!QRP!/18;.366945.!:.0-<2/!@<8!H950.8396!

XMKE!7.!7.8.!9H6.!0<!1/.!0-./.!:.0-<2/!0<!34;./03>90.!591/./!<@!.:H8?<!:<809630?!34!

>8.90.8!7-30.N@8<40.2!>../.!F.*+)(#'&/,0(1*+G!34!K85035!K69/L9A![.!32.403@3.2!""!/=.53./!<@!

H950.839!34!0-.!5<40.40/!<@!4<4;39H6.!F9226.2G!7-30.N@8<40.2!><</.!.>>/E!942!/-<7.2!0-90!

0-.!&!:</0!5<::<46?!3/<690.2!H950.839!98.!59=9H6.!<@!591/34>!.:H8?<!:<809630?!H?!

=.8@<8:34>!94!34@.503<4!/012?A!!

! O18=83/34>6?E!7.!32.403@3.2!9!H950.831:!34!0-.!>.41/!2),++)(,'!34!0-.!:9Y<830?!<@!<18!

9226.2!.>>/A![.!98.!149798.!<@!94?!8.=<80/!<@!/=.53./!34!0-3/!>.41/!H.34>!3/<690.2!@8<:!

H382!.>>/A!\9/.2!<4!XMK!/.S1.45.!2909E!<18!2),++)(,'#3/<690.!3/!:</0!56</.6?!8.690.2!0<!2"#
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-'*,+!<8!2"#'*,3'&1(,+E!H10!4<4.!/-98.!:<8.!0-94!+)]!"(O!8PMK!>.4.!/.S1.45.!32.4030?A!

K22303<496!/.S1.4534>!<@!0-.!5=4($!>.4.!-340/!0-90!0-3/!3/!9!143S1.!H950.831:!34!0-.!>.41/A!

[.!2<!4<0!L4<7!0-.!/<185.!<8!8<10.!<@!34@.503<4E!942!/79H!2909!8.;.96!0-90!2),++)(,'#XMK!3/!

=8./.40!34!4./0!:90.8396E!<4!.>>/-.66/E!942!34!0-.!56<959.!<@!@.:96.!>../.A!I1018.!7<8L!

/-<162!@<51/!<4!32.403@?34>!0-.!/<185.!942!8<10.!<@!0894/:3//3<4!<@!0-./.!H950.839A!!

! I<66<734>!0-3/!34;./03>903<4!<@!9;394!.:H8?<!:<809630?E!7.!@<51/.2!<18!.@@<80/!<4!

2.;.6<=34>!9!@360.8!=9=.8NH9/.2!:.0-<2!@<8!:<430<834>!:.8518?!.T=</18.!34!7-<6.!H6<<2!34!

7362!943:96/A!,-./.!2909!/-<7!0-90!@360.8!=9=.8!/9:=6./!98.!94!9551890.!942!8.=8<2153H6.!

79?!0<!S19403@?!7-<6.!H6<<2!0<096!:.8518?!^,D>_!@<8!/<:.!943:96/!F&GA!!

! C;.8966!8.5<;.83./!<4!9!5<45.408903<4!H9/3/!7.8.!.T5.66.40E!942!<18!P#!;961./!/-<7!

0-90!7-<6.!H6<<2!^,D>_!594!H.!./03:90.2!@8<:!283.2!<8!.610.2!@360.8!=9=.8!/9:=6./A!,-.!

@34234>/!@8<:!0-3/!5-9=0.8!/-<7!0-90!0-.!:.8518?!34!H6<<2!.610./!8.9236?!@8<:!0-.!@360.8!

=9=.8/A![.!/-<7.2!0-90!8<1>-6?!-96@!<@!0-.!.6190.!8.:934/!730-!0-.!=</0N.6103<4!@360.8!

=9=.8E!942!0-90!D>N9//<5390.2!28?!5<:=<4.40/!<@!H6<<2!63L.6?!23/083H10.!34!9!/3:3698!79?A!

I8<:!0-3/E!7.!2.;.6<=.2!9!5<45.=0196!:<2.6!<@!0-.!.6103<4!=8<5.//!0-90!/-<7/!7-.8.!0-.!

:.8518?!34!94!3430396!7-<6.!H6<<2!/9:=6.!.42/!1=!7-.0-.8!?<1!9496?J.!9!7-<6.!938N283.2!

IQ!<8!.610.!942!9496?J.!^,D>_!<4!94!.610.2!/9:=6.!<8!=</0N.6103<4!IQA!!

! ,-3/!0-./3/!9/!9!7-<6.!-9/!34;./03>90.2!0-.!1/.!<@!07<!4<;.6!:.0-<2/!@<8!

/18;.366945.!<@!34@.503<1/!942!4<434@.503<1/!23/.9/.!34!736263@.A![.!96/<!1/.2!<4.!<@!0-./.!

0.5-43S1./!34!0-.!@38/0!34;./03>903<4!340<!9;394!.:H8?<!:<809630?!34!790.8@<76!942!34!0-.!

K85035A!,-./.!:.0-<2/!=8<:3/.!0<!H.!;9619H6.!0<<6/!@<8!736263@.!=8<@.//3<496/!942!7366!

H.4.@30!-1:94E!736263@.E!942!.5</?/0.:!-.960-A!
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"A X.5L.8!X`E!V;.4/.4!X,ME!O3.:.8![IEZ.<4>!aWE!P36.?!O`E![362!WKE!R9/06.!a,E!D3>>34/!

RZb!0#1"$,2%#1-#3'$-,4'5"$*"52-)#,'2)'"#6%#*"'*)77+#-*%2-)#'%8)+2'6+7%#9

:-&1&-/"'-#2"$%*2-)#,'%#1'26"'-75%*2,')/';))#)2-*'1-,"%,"<!45.6#7!#$"$E!

=>F%Gb#''N#("A!

#A D1.@@.8!aE!CcD989!,WE!I<66:944!VDb!?1%52%2-)#')/'7%77%&-%#'6),295%26)3"#'

-#2"$%*2-)#,'-#'%'*6%#3-#3'?$*2-*'"#@-$)#7"#2<!.-$'#8)$#9-'*:##$""!=Ab")A!

%A D94/.4!RWE!d<>6.8!K`E!a.3:!QE![9>4.8!XWE!D1.@@.8!ab!B+&%$"7-%'-#'?&%,4%C'>DAE9

FG>G<!.-$'#8)$#9-'*:!#$""E!=Ab("A!

&A D94/.4!RWE!D1.@@.8!aE!B166942!IE![.66/!POE!\96:.8!\RE!R9/0.66343!`WE!CcD989!,Wb!0,"'

)/'*"&&+&),"'/-&2"$'5%5"$'2)'H+%#2-/I':6)&"98&))1'7"$*+$I'-#'2:)'7%$-#"'

7%77%&,C'@%&-1%2-)#',2+1I<'7#;,&:&#<,+#=GF#Gb#)"N#)*A!

'




