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Útdráttur 
 

Bakterían S. zooepidemicus er hluti af normalflóru hrossa en tilteknir stofnar bakteríunnar 
hafa þó verið tengdir við fjölda sjúkdóma. Til að mynda hefur verið sýnt fram á með notkun 
fjölsvæða arfgerðagreiningar (MLST) að stofn bakteríunnar af raðgerð 209 olli faraldri 
öndunarfærasjúkdóms (smitandi hósta) í íslenska hrossastofninum árið 2010. Það sama ár 
fundust einnig stofnar af raðgerðum (ST) 246 og 248 innan MLST kerfisins. Sýnt var að 
þessir stofnar væru eldri en svo að þeir hefðu valdið faraldrinum, en frekara mat á 
tímasetningu komu þeirra til landsins fór ekki fram.  

Í þessu verkefni var ætlunin að greina ST-246 og ST-248 stofna úr safni óþekktra stofna frá 
2013. Jákvæð sýni skyldu raðgreind og raðgreiningargöng borin saman, með Bayesian 
greiningu, við gögn frá 2010 til þess að meta grunn-stökkbreytihraða á basa á ári fyrir 
stofnanna. Þannig yrði metið hvenær stofnarnir bárust fyrst til Íslands. Áður en verkefnið 
hófst var komuárið gróflega áætlað fyrir ST-246 með því að gera ráð fyrir sama 
stökkbreytihraða og þegar hafði verið ákvarðaður fyrir hinn náskylda S. equi. Sú nálgun gaf 
árið 1996. Að auki framleiðir ST-246 fjölræsisvakana SzeN og SzeP, sem hugsanlega gætu 
valdið einkennum á borð við þau sem fundust í hrossum með hitasótt. Þessi atriði lögðu 
grunn að tilgátu um að ST-246 hefði valdið áður óútskýrðum hitasóttarfaraldri í íslenska 
hrossastofninum árin 1998-2000. 

Til að greina stofna af ST-246 og ST-248 úr sýnasafni frá 2013 var sérhæft qPCR próf þróað 
og jákvæð sýni raðgreind. Að raðgreiningu lokinni kom í ljós að ekkert sýnanna sem tiltæk 
voru fyrir rannsóknina var ST-246. Vegna þessa reyndist ekki mögulegt að prófa tilgátuna um 
hvort S. Zooepidemicus, ST-246, hefði valdið hitasóttarfaraldrinum árin 1998-2000 með því 
að ákvarða grunn-stökkbreytihraðann. Aftur á móti fundust 6 sýni af ST-248 og biðu þau 
gögn enn úrvinnslu þegar ritgerðinni var skilað.  

Til viðbótar við komudagsetninguna var ákveðið að leita óbeinna sönnunargagna á hlutverki 
ST-246 með því að framkvæma óbeint ELISA próf á sermi hrossa með og án hitasóttar frá 
faraldrinum 1998-2000 og sermi frá fyrir- og eftir faraldurinn að auki. Tölfræðilega 
marktækur munur kom fram á mótefnaframleiðslu gegn SzeP, en ekki SzeN samkvæmt 
iELISA prófi á sýnum sem tekin voru fyrir og eftir faraldurinn. Þessar niðurstöður nægja 
einar og sér hvorki til að styðja né hrekja tilgátuna um að ST-246 hafi valdið 
hitasóttarfaraldrinum árin 1998-2000.
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Abstract 
 

Although historically considered a commensal of horses, strains of S. zooepidemicus are now 
associated with a range of equine diseases. For example, multilocus sequence typing (MLST) 
has shown that a strain of the sequence type (ST) 209 of S.zooepidemicus was the causal 
agent of an epidemic of respiratory disease in the Icelandic horse population in 2010. Isolates 
recovered from Icelandic resident horses in 2010 also included strains of ST-246 and ST-248 
in the multilocus sequence typing (MLST) scheme. These strains are thought to predate the 
epidemic but no further estimation was ever carried out on the date of their emergence in 
Iceland.  

The goal of this project was to identify ST-246 and ST-248 strains from a set of isolates 
recovered from Icelandic resident horses in 2013, sequence them and compare sequence data, 
using Bayesian analysis, with data from 2010 to estimate the core mutation rate per site per 
year for these strains, thus allowing estimation of the date at which these strains first entered 
Iceland. Assuming the same core mutation rate as previously identified in its close relative, S. 
equi, the arrival date of ST-246 was approximated prior to the beginning of the project. This 
placed the arrival of ST-246 at the year 1996. In addition, it was observed that ST-246 
produces the potentially pyrogenic superantigens SzeN and SzeP. Together, these formed the 
basis of the hypothesis that a strain of ST-246 was the causal agent of an epidemic of pyrexia 
in the Icelandic horse population in 1998-2000. 

In order to identify strains of ST-246 and ST-248 from a sample archive from 2013, a 
specialised qPCR test was developed and positive isolates selected for sequencing. Whole 
genome sequencing showed that none of the samples available for the project were ST-246 
and the hypothesis that S. zooepidemicus of this strain was the causal agent of the epidemic in 
1998-2000 could thus not be tested by determination of core mutation rate. 6 isolates 
however, proved to be ST-248 and determination of the core mutation rate was underway at 
the date of submission of this thesis.  

In addition to the estimation of the date of entry, an indirect ELISA was carried out on horse 
serum from pyrexic and non–pyrexic horses in 1998-2000 as well as serum that pre- and 
post-dated the epidemic, to determine if there was serological evidence for this hypothesis. 
The iELISA showed statistically significant difference between antibody production to SzeP 
but not SzeN between samples which pre- and post dated the epidemic in 1998-2000. These 
data were neither sufficient to support the hypothesis that strains of ST-246 caused the 
epidemic nor to disprove it.  
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1. Introduction 

1.1 Project background 
 

1.1.1 Equine industry 
 

Variations of horse sport are popular both in Iceland and in the UK. In fact, horseracing 
remains the second most popular spectator sport in the UK, ranking second only after 
football. The economic impact of the horse industry is enormous. In the UK, the total 
economic impact of racing and riding is estimated to exceed £7 billion (~ 1364 billion ISK) a 
year (British Horse Industry Confederation).  

Equine disease causes substantial disruption to the industry as it reduces horse performance 
in riding and keeps horses out of training. Also, in the case of contagious diseases, a ban of 
transport is often imposed. For the purpose of this thesis, equine respiratory disorders and 
equine pyrexia were of most interest, but the two are in fact often seen simultaneously in the 
horse. 

 

1.1.1.1 Equine respiratory disorders 
 

The incidence of respiratory infection is noticeably high in large proportions of young horses 
around the world, with approximately five cases per 100 horses per month. The disease 
frequently reoccurs in individual animals and the mean duration of clinical signs is about 8 
weeks for each episode (Wood, Newton, Chanter, & Mumford, 2005). 

Disease can be caused by a number of fungal, viral and bacterial pathogens. Viral pathogens 
include equine influenza virus, equine herpes virus, adenovirus and rhinovirus (Burrel, 
Wood, Whitwell, Chanter, Machintosh, & Mumford, 1996) and fungal pathogens include 
Aspergillus species (Lindahl, 2013). Bacterial pathogens however, are of most interest in this 
project. The bacteria most commonly associated with airway disease in the UK have been 
shown to be Lancefield group C streptococcal species such as Streptococcus pneumoniae, 
Streptococcus equi and its ancestor Streptococcus zooepidemicus as well as the Gram-
negative bacteria Actinobacillus equuli (Burrel, Wood, Whitwell, Chanter, Machintosh, & 
Mumford, 1996). 

Especially in the early stages of the disease, it can be difficult to determine the cause of a 
respiratory outbreak due to the similarity of clinical signs of infections of bacterial or viral 
origin. Clinical signs include nasal discharge and coughing, anorexia, depression and in some 
cases, raised body temperature (Lindahl, 2013). 
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One of the most serious equine contagious respiratory diseases is strangles, caused by 
Streptococcus equi subsp. equi (S. equi). Clinical signs include fever, nasal discharge and 
most importantly, enlargement and swelling of lymph nodes of the head and neck that may 
restrict breathing and can in severe cases lead to asphyxiation and death, (hence the name 
strangles) (Wright & Prescott, 2003). Transmission occurs via direct contact with infectious 
substances. These include drainage from abscessed lymph nodes, nasal discharge and 
aerosols. Contaminated water, clothing and equipment shared between horses can also be 
sources of infection (Wright & Prescott, 2003). 

S. zooepidemicus is closely related to S. equi and although it has historically been considered 
a commensal of horses, evidence now suggests that some strains are pathogenic and that S. 
zooepidemicus is in fact a major contributor to several equine infections, including 
inflammatory airway disease (IAD) in young horses (Wood, Newton, Chanter, & Mumford, 
2005) 

 

1.1.1.2 Equine pyrexia  
 

Much more general than respiratory disease, pyrexia can be caused by a number of infectious 
agents. Raising body temperature is a way for the host to create a more hostile environment 
for temperature-sensitive pathogens, at metabolic expense to the host (Jefferey, Shah, 
Mckowiak, Tulapurkar, Nagarsekar, & Singh, 2011). In mammals, the thermoregulatory 
centre is the hypothalamus. Substances able to cause a febrile response are called pyrogens 
and can be either endogenous or exogenous.  

Exogenous pyrogens are substances characteristic of infectious agents, such as 
lipopolysaccharide binding protein (LBP) or superantigens, which trigger the production and 
release of endogenous pyrogens that then signal the hypothalamus to raise body temperature, 
(Willey, Sherwood, & Woolverton, Prescott's Microbiology, 2011). The pyrogenic potential 
of superantigens is particularly important to this project and is further explored in section 
1.1.2.2. 

Endogenous pyrogens include several cytokines such as IL-1α, IL-1β, TNF-α, TNF-β and IL-
6 (Dinarello, 1999). These polypeptides are produced by a broad range of cells, including 
macrophages, B-and T-lymphocytes and mast cells of the immune system (see 1.1.2.1) 
(Willey, Sherwood, & Woolverton, Prescott's Microbiology, 2011). 

The pathogenesis of fever is demonstrated in Figure 1. It is thought that the pyrogens do not 
cross the blood brain barrier but rather enter the endothelium of the vascular network 
surrounding the neurons in the hypothalamus, causing them to produce prostaglandins which 
trigger the release of neurotransmitter-like substances in brain tissue, ultimately leading to 
fever (Dinarello, 1999). 
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Common pyrexia inducing agents in the horse population include African horse sickness 
virus, West Nile virus, S. equi and many more.  

  

Figure 1: Schematic representation of the pathogenesis of fever. (Dinarello, 1999)  
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1.1.2 Streptococcus equi subsp. zooepidemicus 
 

1.1.2.1 General bacteriology 
 

Streptococcus equi subsp. zooepidemicus (S. zooepidemicus) is one of two subspecies of 
Streptococcus equi, the other being the causative agent of strangles, Streptococcus equi 
subsp. equi (S. equi) that is believed to have evolved from S. zooepidemicus (Holden, et al., 
2009). 

Table 1 below illustrates the taxonomy of streptococci for S. zooepidemicus. (Div. of 
Bacteriology (Dept. of Biomedical Sciences and Veterinary Public Health [BVF], 2010-2012) 

Table 1: The taxonomy of S. zooepidemicus 

Kingdom Phylum Class Order Family Genus Species Subspecies 

Bacteria Firmicutes Bacilli Lactobacillales Streptococcaceae Streptococcus Equi zooepidemicus 

 

Bacteria belonging to the genus Streptococcus are non-motile, non-sporulating, encapsulated, 
Gram-positive bacteria that occur in pairs or long chains (see Figure 2). They are facultative 
anaerobes and catalase- and oxidase-negative (Willey, Sherwood, & Woolverton, Prescott´s 
Microbiology, 2011). 

Streptococci are assigned a Lancefield group based on biochemical fermentation patterns and 
the type of haemolysis they exhibit. S. zooepidemicus is of Lancefield group C and is beta 
haemolytic, meaning that a clear zone of haemolysis appears when the bacteria are grown on 
enriched horse blood agar. Colonies are over 0.5 mm in diameter and the morphology varies 
from almost translucent mucoid to a matte grey or white appearance. The optimal growth 
temperature for Streptococcus species is around 37 degrees C, although most can grow in the 
range of 20-42 degrees C (Lindahl, 2013). 

Figure 2: Streptococci chains as seen in a scanning 
electron microscope, (Barker, 2010). 
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In contrast with the host specific S. equi, S. zooepidemicus has a wide host range. It is a 
commensal of horses and has been isolated from other mammals such as dogs, swine, 
monkeys and humans (Pesavento, Hurley, Bannasch, Artiushin, & Timmoney, 2008); 
(Salasia, I Wayan, Pasaribu, Abdulmawjood, & Lämmler, 2004). 

 

1.1.2.2.Potential virulence 
 

The association of streptococci with animals is normally harmless. However, some strains 
occasionally acquire the ability to inhabit a new niche within the host, which can lead to 
disease. This increased ability to cause disease is often associated with a gain of genes 
through mobile genetic elements (MGEs) followed by a loss of genes that have become 
dispensable in the new niche (Holden, et al., 2009). 

Frequent evolution of pathogenicity among S. zooepidemicus strains suggests that only minor 
genetic changes are required for S. zooepidemicus to increase their virulence under the 
appropriate selective pressure. Indeed, comparison of SzH70 strain of S. zooepidemicus 
genome by Holden et al. (2013) with that of strain Se4047 of the known pathogen S. equi, 
revealed several virulence factors shared by both strains. 

One of these factors is the presence of a single coding DNA sequence (CDS) in the SzH70 
genome encoding hyaluronate lyase, an enzyme that degrades hyaluronic acid (Holden, et al., 
2009). Hyaluronic acid is a major component of connective tissue and mucosal surface and 
the secration of hyaluronate lyase decreases the viscosity and increases permeability of the 
tissue, thus facilitating pathogenic invasion. The breakdown of hyaluronic acid will also in 
some cases provide the pathogen with disaccharides, which it can use for its metabolism. The 
production of hyaluronate lyase is widely employed by Gram-positive bacteria capable of 
causing infections (Hynes & Sheryl, 2000). 

Among other factors are the prophage associated genes slaA and slaB, both of which encode 
bacterial toxins. slaA encodes a phospholipase A2, which is known to contribute to the 
virulence of S. pyogenes M3 (Brussow, Canchaya, & Hardt, 2004) and was widely distributed 
among strains of S. zooepidemicus studied by Holden et al, (2009), and found in all strains of 
S. equi. SlaB shares 70% of its amino acid sequence with SlaA, and was encoded by all 
strains of S. zooepidemicus studied (Holden, et al., 2009). 

The last example listed here of potential genetic contributors to S. zooepidemicus 
pathogenicity is the presence of two loci in the SzH70 genome required for pilus expression. 
Bacterial pili are used for movement, protection, horizontal gene transfer, and importantly for 
the study of pathogenicity, for attaching to their appropriate niches (host cells). Gram-
positive pili are composed of multiple copies of single shaft pilin, which are covalently linked 
by a sortase family transpetidase. Attachment to host tissues is accomplished using adhesion 
molecules found on the ends of the pilus backbone protein (Scott & Zähner, 2006). S. equi 
and S. zooepidemicus both encode pili of the Fim family. All strains have to date been found 
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to encode FimI but the expression of FimII, FimIII, FimIV and FimV has been found to differ 
among strains. Proteins of the Fim family associate with the collagen binding protein CNE, 
which likely plays an important role in the adhesion of the bacteria to host tissue (Linergård, 
Frykberg, & Benkt, 2003). This production of different pili by strains of S. zooepidemicus is 
likely to contribute to the ability of different S. zooepidemicus strains to infect different hosts 
and tissues (Holden, et al., 2009). 

In the SzH70 genome, a locus was found containing a clustered regularly interspaced short 
palindromic repeat array (CRISPR) that are composed of direct repeats, which are separated 
by similarly sized, non-repetitive spacers. The loss of CRISPR is thought to have been an 
important milestone in the evolution of S. equi (Holden, et al., 2009). CRISPR arrays provide 
the bacteria with resistance to phage infections and can be thought of as a kind of immune 
system for the bacteria. This resistance is managed by a sequence similarity between the 
spacer regions and the DNA (or cDNA) of the phage, possibly via an RNA-interference-like 
mechanism, thus maintaining genome integrity of the bacteria (Sorek, Kunin, & Hugenholtz, 
2008). Indeed, a significant difference between the genomes of SzH70 and Se4047 is apparent 
in the number of MGEs. MGEs make up 7.5% of the SzH70 genome but compose a total of 
16.4% of the Se4047 genome. The difference can be traced to a lack of prophage sequences 
in S. zooepidemicus and likely reflects the recent loss of CRISPR by S. equi, which may 
make the acquisition of MGEs more likely.   

 

1.1.1.3 Zoonotic Streptococcus zooepidemicus 
 

As previously stated, S. zooepidemicus is not host restricted and has been found in a number 
of animals, including humans. Three cases of human infection caused by S. zooepidemicus 
are listed below, although many more have been reported.   

The first infection listed is one of severe invasive disease that was reported in Finland in 
2011. An isolate of ST-10 in the MLST scheme (see section 1.2.1.1) was found to be the 
causal agent. This isolate was found to have originated from a clinically healthy horse with 
which the infected person had come into contact. The case suggested that certain strains of S. 
zooepidemicus might act as commensals in horses but cause serious disease in human hosts 
(Lindahl, 2013). 

The second case involved a strain of ST-72, of which the ST-10 isolates in Finland were 
determined to be single locus variants. The ST-72 strain was isolated from an outbreak of 
nephritis in Brazil in 1997-1998, (Lindahl, 2013). This outbreak of 253 cases was linked to 
the consumption of a local, unpasteurised cheese called queijo fresco made on a local farm. 
The outbreak resulted in three deaths and remains one of the most severe outbreaks of human 
infection by S. zooepidemicus ever reported (Sesso & Pinto, 2005). 

The last case listed was reported during an epidemic of respiratory disease in Icelandic horses 
in 2010 (see below). A person working with infected horses was infected with a S. 
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zooepidemicus strain that differed by less than 10 SNPs from those isolated from a horse in 
the same area (ST-209), (Bjornsdottir, et al., Epidemic Investigation: the Threat of 
'Commensals', Unpublished). Additional clinical samples from humans handling infected 
horses were not available but a possibility remains that other cases occurred but were not 
detected, as S. zooepidemicus is not normally included in screens of human clinical samples. 

In spite of these examples of zoonotic cases, human-to-human transmission of zoonotic S. 
zooepidemicus has not been shown and no contagious outbreaks have been associated with 
such infections. Rather, reported cases have been isolated and attributed to food-borne 
sources or close contact with an infected animal. This suggests that the pathogen is poorly 
adapted to human hosts ( Fulde & Valentin-Weigand, 2012). 

The cases do however, highlight the possibility of horizontal transfer of genetic material cross 
species to recipient human pathogens. S. zooepidemicus shares a common phage pool with its 
close relatives S. equi and S. pyogenes, the latter being a well-known human pathogen. It is 
possible for S. zooepidemicus to acquire genes from S. equi or S. pyogenes through phage 
mediated or plasmid-mediated gene transfer (Holden, et al., 2009). These might in some 
cases enable it to better infect and spread between human hosts. 
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1.1.2 Immunology 
 

The body’s defences against microbial invasion consist of complex interacting networks of 
cellular reactions. In the following sections, those most relevant to this project will be 
explored briefly. Unless stated otherwise, text is based on chapters 32.3-32.4 and 33.1-33.7 of 
Prescott’s Microbiology, eighth edition (Joanne M. Willey, Linda M Sherwood, Christopher 
J. Woolverton., 2011). 

1.1.2.1 General immunological background 
 

The response of vertebrates to an invading microorganism or foreign material is mediated by 
both the innate and the adaptive immune system. Once a pathogen enters the body, a 
miscellaneous group of cells, called leukocytes, is responsible for its defences.  These include 
macrophages and dendritic cells of the innate immune system as well as the B-and T-
lymphocytes of the adaptive immune system. 

Dendritic cells and macrophages recognize common microbial molecules called pathogen-
associated molecular patterns (PAMPs) such as lipopolysaccaride or peptidoglycan. Both cell 
types possess pattern recognition receptors (PRRs), which bind to the pathogen and 
phagocytose it. Both dendritic cells and macrophages then digest pathogen-specific 
molecules into smaller fragments and present them on their cell surface, bound to class II 
major histocompatibility complex (MHC II) where they serve as activation signals for the 
lymphocytes of the adaptive immune system. Dendritic cells are especially important in this 
context due to their ability to migrate to lymphoid tissue and elicit responses from naïve T 
and B cells. Dendritic cells are thus important in connecting the innate and adaptive immune 
system. A schematic representation of T cell activation via an activated dendritic cell is 
shown in Figure 3. 
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Mature B cells, some T cells and certain cells of other tissues also produce MHC II. 
Hereinafter, these cells will collectively be referred to as antigen-presenting cells (APCs).  

Once differentiated from progenitor cells, the T and B cells of the adaptive immune system 
require APCs to present them with an antigen for their continued replication and 
specialization. The antigens bind to B and T cell receptors and mediate which cells are 
replicated and which are eliminated via apoptosis.  Once activated, B cells produce and 
segregate large quantities of antibodies, which bind specifically to antigens produced by the 
pathogen and mark it for destruction. 

Activated, T cells differentiate into T helper cells (Th), T regulatory cells (Treg) or cytotoxic T 
cells (Tcs). Each of these cell types contribute to the immune response by phagocytosing 
pathogens, destroying infected cells, or by producing cytokines that stimulate the response. In 
contrast with the immobile B cells, mature T cells migrate around the body and function 
through specific T-cell receptor (TCR) complexes that allow them to respond to antigens 
presented by APCs. The structure of the TCR is demonstrated in Figure 4. Each receptor 
molecule is composed of an 𝛼 and 𝛽 chain, each of which can be split into a constant and a 
variable region, with the variable region making up the antigen binding site.  

Figure 3: The activation of a T cell by an activated 
dendritic cell through MHC and TCR. (Alberts, 
Johnson, Lewis, Raff, Roberts, & Walter, 2008) 



 

10 
 

The variable region is furthermore divided into five variable sub-regions, V𝛽, D  𝛽, J𝛽, V𝛼 
and J𝛼. Variable regions of the TCR are made up of different combinations of these sub-
regions, which arise from variable splicing of germ line DNA during T cell development 
(Kotb, 1995). The sub regions can be spliced at many different sites and they can be 
combined in an extraordinary number of ways, and are responsible for the wide array of 
foreign molecules recognised by the T cell repertoire. This splicing at different sites is 
demonstrated in a simplified, schematic way for the human in Figure 5, but the system is 
very similar in all mammals. 

Figure 4: (A) A schematic representation of the molecular structure of the 
TCR. (B) A ribbon diagram of the structure of TCR. (Alberts, Johnson, 

Lewis, Raff, Roberts, & Walter, 2008) 
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1.1.2.2 Superantigens 
 

Superantigens are a family of proteins, produced either by bacteria or viruses, which cause 
nonspecific activation of T-lymphocytes resulting in an over-powerful cytokine release and a 
proinflammatory response. They can be secreted toxins or membrane associated molecules 
and all possess a characteristic amino acid sequence signature, K-X2-[LIVF]-X4-[LIVF]-D-
X3-R-X2-L-X5-[LIV]-Y (Proft & Fraser, 2003). As demonstrated in Figure 6, superantigens 
are not processed by APCs, but bind directly to MHC II outside the peptide-binding site of 
the complex. They furthermore have signature specificity for a set of Vβ families of the TCR 
complex and can bind to any T cell expressing that sub region, regardless of other sub regions 
present or antigenic specificity of the TCR. In this way, a superantigen may be able to bind to 
5 to 20 % of resting T cells, resulting in strong immunological responses, which in some 
cases include fever (Kotb, 1995).  

Figure 5: A schematic representation of splicing of germ line DNA during human T cell development 
(Kotb, 1995). 



 

12 
 

 

The superantigens of most interest in this project are SzeN and SzeP, produced by S. 
zooepidemicus strains of ST-246 (see section 1.1.3.3). These have been shown to stimulate 
production of gamma interferon (IFN-γ) and tumour necrosis factor alpha (TNF-α) as well as 
the proliferation of peripheral blood mononuclear cells (PBMC) in equine blood samples 
(Paillot, et al., 2010). Studies aiming to determine pyrogenicity of SzeN and SzeP have not 
been carried out, but several related superantigen products, such as SeeI, have been shown to 
be pyrogenic in ponies (Artiushin, Timoney, Sheoran, & Muthupalani, 2002); (Paillot, et al., 
2010a). 

As is often the case with virulence factors, some superantigens hold the potential of spreading 
laterally between organisms. Analysis of the S. zooepidemicus strain BHS5 revealed this to 
be the case for szeP and szeN. In the genome szeP and szeN are found side by side, next to a 
prophage remnant and although their genome context is not known for other strains, the 
presence of similar sequences across a diverse group of strains, unrelated by MLST, suggests 
that there may still be functional prophage elements, capable of horizontal gene transfer, to be 
found in some strains (Paillot, et al., 2010).

Furthermore, it has been shown that the pangenomes of S. zooepidemicus, S. equi and S. 
pyogenes are linked, and similar superantigens have been detected in all their genomes, 
highlighting the possibility of virulence genes passing between these pathogens potentially 
with important epidemic consequences (Holden, et al., 2009). 

 

Figure 6: A schematic representation of superantigen 
interaction with TCR and MHC II molecules, (Kotb, 

1995). 
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1.1.2.3 Acquired immunity and persistence  
 

During the differentiation of B and T cells, a portion of the cells is set-aside as memory cells 
to enable the host to better fight reoccurring infection. This is important to the study of 
disease caused by S. zooepidemicus, as the incidence of IAD caused by the bacteria has been 
shown to decrease with the age of the horse, suggesting the development of immunity against 
specific strains (Wood, Newton, Chanter, & Mumford, 2005). Indeed, the lack of specific 
immunity in the Icelandic horse population is the most likely reason for the rapid spread of 
the ST-209 strain in 2010 (see section 1.1.3.3) (Sigríður Björnsdóttir and Richard Newton, 
personal communication) and highlights the potential for rapid spread of even mild infections 
in such isolated populations.   

It is important to note however, that the development of immunity against S. zooepidemicus 
does not necessarily lead to the elimination of the pathogenic strain from the horse, but rather 
seems to keep the disease at bay while the pathogen can remain resident in the tonsils 
(Waller, 2014). Thus, a proportion of the recovered horses become carriers that can 
contribute significantly to the transmission of the infection to naïve horses without showing 
any clinical signs themselves. In this way, a pathogen can persist in the population after an 
epidemic has ceased, causing only the occasional horse lacking immunity to fall ill.   
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1.1.3 The Icelandic horse population 
 

1.1.3.1 Isolation from settlement  
 

The Icelandic horse population has remained geographically isolated with practically no 
import of horses ever since the arrival of the first settlers over 1000 years ago. As a 
consequence, the population remains free of several diseases that are common in the rest of 
Europe, including strangles, equine influenza and equine herpes virus (Bjornsdottir, et al., 
Unpublished). This isolation is maintained by a complete ban of horse import as well as used 
riding equipment and a strict monitoring control of the import of used riding clothes. 

Although useful for preventing disease in the country, this lack of exposure makes the 
Icelandic horse population more vulnerable to external agents, even ones of low virulence, 
and increases the likelihood of new contagious diseases spreading rapidly through the 
population should they emerge.  

 

1.1.3.2 Epidemic in 1998-2000 
 

An epidemic of pyrexia of unknown etiology hit the Icelandic horse population in 1998. In 
spite of morbidity most likely being 100%, the mortality was as low as 0.2%. Most horses 
were mildly affected and suffered from reduced appetite and slightly elevated body 
temperature. However, some horses stopped eating for several days and had a temperature of 
up to 42°C. A few cases of diarrhoea were reported as well as colic and eclampsia in lactating 
mares. No respiratory signs were noted. Transmission occurred both with direct contact 
between horses and by people moving between stables. Wind born transmission was also 
suspected since spread occurred between horses kept outside on farms without them ever 
coming into contact with other horses or people (Bjornsdottir, Sigridur; Svansson, 
Vilhjalmur; Runolfsson, Halldor;, 1999). 

Multiple different tests, focusing on viral agents, were employed but all proved negative and 
the causal agent of the epidemic was never determined. A full list of clinical tests performed 
is available in a status report on the epidemic at the Icelandic Veterinary Service 
(Bjornsdottir, Sigridur; Svansson, Vilhjalmur; Runolfsson, Halldor;, 1999). 
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1.1.3.3 Epidemic in 2010 
 

A second epidemic, this time one of respiratory disease, hit the Icelandic horse population in 
2010. In this case, laboratory analysis revealed that a strain of S. zooepidemicus was the most 
likely causal agent (Bjornsdottir, et al., Unpublished). S. zooepidemicus isolates from this 
epidemic fell into four different clades on the evolutionary tree, three of which are of most 
interest here.  

Firstly, clade 1 comprised isolates of ST-209 in the MLST scheme. Genome sequencing and 
epidemiological analysis provided evidence that this clade represented the causal strain of the 
epidemic. Data analysis using BEAST (Drummond & Rambaut, 2007) allowed an estimation 
of the date at which this strain entered Iceland but the approximate dates for the other strains 
were not calculated and remained of great interest.  

Secondly, clade 3 comprised isolates of ST-248. Root to tip analysis suggested this to be an 
established Icelandic clade, the presence of which predates the 2010 epidemic. However, the 
mean substitution rate per core genome site per year of ST-248 strains is of interest for it may 
serve as a reference in further evolutionary studies on S. zooepidemicus strains.  

Lastly, root to tip analysis suggested clade 2 (ST-246) to also predate the 2010 epidemic. 
These strains have the superantigen encoding sequences szeN (SzBHS5_04190), and szeP 
(SzBHS5_01670), the products of which have been strongly associated with mitogenic 
activity in the S. zooepidemicus population (Paillot, et al., 2010). Due to their close 
evolutionary relationship with pyrogenic superantigens, such as SeeI (Paillot, et al., 2010) it 
is hypothesised that SzeN and SzeP may also cause pyrexia in horses, especially ones that 
have not developed immunity or have a weakened immune system for any reason. This 
includes the naïve horse population of Iceland.  
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1.2 Aims and objectives 
 

The results from a previously carried out Bayesian analysis of 225 S. equi genomes at the 
Welcome Trust Sanger Institute in collaboration with the AHT, showed a mean substitution 
rate per core genome site per year of 2.27x10-6, or an average of 4.3 substitutions in the 1.9 
Mb core genome of S. equi per year (Harris et.al. unpublished data). The most diverse of the 
29 ST-246 isolates analysed from the Icelandic population in 2010 differed from one another 
by 120 single nucleotide polymorphisms (SNPs), that is approximately 60 substitutions from 
a shared ancestor (Bjornsdottir, et al., Unpublished). Assuming the same core mutation rate in 
ST-246 as identified in S. equi, this places the arrival of ST-246 in Iceland at ~1996. (Due to 
the isolation of the Icelandic horse population it is likely that the ST-246 and ST-248 strains 
entered the country only on one occasion rather than being introduced to the population 
several times).  
This approximation of the arrival time together with the potentially pyrogenic superantigens 
produced by ST-246 formed the basis of the hypothesis that a strain of ST-246 was the causal 
agent of the 1998 epidemic.  
 

The aims of the project were to determine the core mutation rate of ST-246 and ST-248 
strains and to test for seroconversion to SzeN and SzeP using an indirect ELISA. 

 

1.2.1 Determination of core mutation rate of ST-246 and ST-248 strains by 
whole genome sequencing 

 

Quantitative polymerase chain reaction tests (qPCR), specific for ST-246 and ST-248, were 
developed and used to screen a total of 174 bacterial isolates from Icelandic horses, sampled 
and provided by Keldur in 2013. Subsequently, potential ST-246 and ST-248 isolates 
identified could be sequenced on a MiSeqTM instrument and the sequence type of the isolates 
thus confirmed. Sequence data would then be compared, using Bayesian analysis, with 
previously sequenced isolates of strains of the same sequence types from 2010. The core 
mutation rate per core genomic site per year would be calculated and the date of arrival in 
Iceland determined.  

 

1.2.2 ELISA test for seroconversion   
 

Enzyme linked immunosorbent assay (ELISA) was used to test a total of 200 serum samples 
from before and after 1998 for the presence of antibodies against SzeN and SzeP. 
Furthermore, 28 samples from pyrexic and 47 samples from non-pyrexic horses in 1998 were 
tested. Paired samples from acute stage and during recovery were available for 9 horses. 
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As no positive or negative controls were available for the study, a student’s t-test was used to 
determine whether there was a statistically significant difference in antibody levels to SzeN 
or SzeP between the groups. 

 

  



 

18 
 

1.3 Method background 
 

1.3.1 Detection and differentiation of strains of interest 
 

1.3.1.1 Multilocus sequence typing (MLST) 
 

Strains of S. zooepidemicus differ significantly in pathogenicity and many do not appear to be 
pathogenic at all. However, identifying specific disease-causing strains can pose a challenge 
due to the concurrent presence of multiple strains of the bacteria in a single horse.  
This problem can be in part circumvented by the use of multilocus sequence typing (MLST). 
MLST is a way of discriminating between different strains of bacteria on the basis of 
fragments of seven housekeeping genes. Each different sequence of each housekeeping gene 
is assigned a different allele number and each different list of allele numbers is assigned a 
specific ST.  

A summary of the housekeeping genes in question as well as the corresponding alleles in S. 
zooepidemicus ST-246 and ST-248 can be found in Table 2 on the next page. 

MLST holds considerable advantages over subtyping methods such as Pulsed Field Gel 
Electrophoresis (PFGE) and multilocus enzyme electrophoresis (MLEE) in the study of 
epidemiology. The DNA sequence of an organism holds much more variation than the 
corresponding protein. This comes as a consequence of synonymous codon changes that 
make up a big part of the variation detected in MLST but which are not observed in analysis 
by MLEE. This gives rise to many more alleles per locus being detected using MLST than 
MLEE. Also, data from PFGE and MLEE are difficult to compare between laboratories due 
to many internal factors that can influence a run on a gel. In contrast, MLST provides 
nucleotide sequence data that can be easily stored in electronic databases on the Internet, 
making comparison between different laboratories both possible and accessible (Webb, et al., 
2008). 

The S. zooepidemicus MLST scheme currently differentiates 319 strains, permitting the 
investigation of outbreaks and the identification of a causal strain (Waller, 2014).  
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Table 2: A summary of housekeeping genes employed in the S. zooepidemicus MLST scheme and the allele 
numbers for ST-246 and ST-248. 

Gene Enzyme Allele in ST-246 Allele in ST-248 
arcC Carbamate kinase 5 C18 
nrdE Ribonucleoside-diphosphate 

reductase 
3 11 

proS Prolyl-tRNA synthetase 12 58 
spi Signal peptidase I 21 6 
tdk Thymidylate kinase 1 37 
tpi Triosephosphate isomerase 45 5 

yqiL Acetyl-CoA acetyltranferase 15 24 
 

1.3.1.2 Quantitative polymerase chain reaction (qPCR) 
 

Quantitative PCR is a type of PCR that amplifies a nucleic acid sequence and simultaneously 
quantifies the product by measuring the strength of a fluorescent signal emanated from a 
fluorescent dye. The dye used in this project was SYBR green®, which binds to all double 
stranded DNA molecules present in the solution.  

qPCR is commonly used to quantify nucleic acids as demonstrated in Figure 7. By 
comparison with a known set of standards, the amount of template can be calculated from a 
determined threshold cycle (CT) value, that is, the cycle at which the amplification plot 
crosses a set threshold value (Quiagen, 2010). In this project this technique was used for 
library quantification during whole genome sequencing. 

 

 

 

Figure 7: Nucleic acid quantification using qPCR. (A) Amplification plot and a 
threshold value for 5 different standards and 3 different dilutions of a sample.(B) A 
standard curve showing Ct values for standards and a 1/500 dilution of sample. The 

picture is from library quantification prior to sequencing in the project. 
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The qPCR technique can also be used to test for the presence of an allele in a DNA sample by 
designing primers that bind specifically to the allele of interest so that amplification takes 
place and is detected only if the allele is present in the sample. This is demonstrated in Figure 
8. 

For the purpose of identifying specific sequence types in a group of samples, the absolute 
quantity of the allele is not relevant. This eliminates the need for standards for the presence of 
an allele can be determined by comparing of the CT value for a given sample with that of a 
positive and a negative control while ruling out nonspecific amplification by analysis of 
product melting curves.  

 

  

 

1.3.1.3 Primer design 
 

Optimal primer design is critical for exclusively obtaining the desired product. Optimal 
primer design includes minimizing nonspecific primer annealing by avoiding mismatches and 
by selecting primers in such way that the sequence between primer binding areas is between 
50 and 150 bp long. It is also important to avoid complementary sequences within and 
between primers, as these might result in primer dimers. In addition, primer length should be 
18-30 nucleotides with a G+C ratio of no less than 40%. Secondary primer structure should 
be weak or non-existent, (Quiagen, 2010). 

Sigma-Aldrich provides a tool for the estimation of primer quality before ordering, accessible 
on their webpage (URL: 
https://www.sigmaaldrich.com/configurator/servlet/DesignTool?prod_type=STANDARD) 

Figure 8: Allele detection using qPCR. (A) An amplification plot showing positive 
control (green), a positive sample (blue) and a negative sample (pink). (B) Melting 

curves of the samples in (A). The picture is from screening of 2013 isolates using yqiL 
primers. 
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In this project, primers specific for alleles of some of the housekeeping genes listed in the 
MLST section were designed in order to specifically detect ST-246 and ST-248 strains.   

 

1.3.1.4 Whole genome sequencing 
 

The recent development of next generation sequencing (NGS) methods and instruments has 
enabled researchers to obtain sequence data for a microbial genome in a matter of hours at 
fraction of the cost of many previously used sequencing methods, such as the Sanger method 
of sequencing.  

Several different NGS platforms exist, each employing a slightly different technology for 
sequencing. In this project, an Illumina® MiSeqTM instrument was used. It determines base 
order by a NGS method called sequencing by synthesis (SBS). The process can be divided 
into four steps, each of which will be explored in the following sections. 

 

1.3.1.4.1 Sample preparation and library generation 
 

In contrast with sequencing methods such as capillary electrophoresis based Sanger 
sequencing, where each sample must contain a single template, NGS allows sequencing from 
a population of DNA molecules that do not require clonal purification and can be extracted 
and purified directly from lysed bacteria (Illumina, 2011-2013). Once purified, the DNA is 
fragmented into millions of random sized strings and a specific oligonucleotide adapter is 
ligated to the 5‘ end of each string (Figure 9, A and B). This is accomplished by the 
transposome, a complex of transposase and a transposon which makes double-stranded 
breaks at random sites of the target DNA (Syed, Grunenwald, & Caruccio, 2009). 

The oligonucleotide adapters now serve as primers for a limited-cycle PCR reaction that 
amplifies the inserted DNA and adds index sequences on both ends of the DNA (Figure 9C). 
By using different index combination, large sample numbers can be differentiated during the 
data analysis, enabling many samples to be sequenced simultaneously in a single experiment 
(Illumina, 2011-2013). 



 

22 
 

 

1.3.1.4.2 Cluster generation 
 

Cluster generation results from bridge amplification of single DNA fragments on the inside 
surface of the flow cell channels of the MiSeqTM instrument. As reagents enter through the 
inlet port, sequencing templates are immobilized on the flow cell surface by binding of the 
previously added adapter sequences to a corresponding sequence on the flow cell surface,  
(Figure 10 A and B). 

Hundreds of copies of each template are generated in close proximity via solid-phase 
amplification, (Figure 10, C and D). This process involves the assembly of double-stranded 
bridges on the surface of the flow cell. As the bridges are denatured, the original template is 
washed away through the outlet port, leaving the synthesised strand to be further amplified 
into a cluster, (Figure 10 E and F). After each bridge amplification, the reverse strands are 
enzymatically cleaved, and washed off, leaving only the forward strands (Illumina, 2010). 

 

 

Figure 9: Fragmentation and addition of adapters and indices to 
template DNA during library generation, (Illumina, 2012). 
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1.3.1.4.3 Sequencing by synthesis 
 

The millions of clusters generated from bridge amplification are sequenced by SBS. The 
method employs differently fluorescently labelled nucleotides that compete for addition to 
the growing chain as the reverse strands are regenerated on the forward strand template. Each 
of these tagged nucleotides functions as an inhibitor of synthesis, preventing further 
elongation at this stage.  

Laser excitation causes the emission of fluorescent light from each cluster, characteristic of 
the nucleotide incorporated. An image is captured and the identity of the first base thus 
determined. The inhibitor tag is enzymatically cleaved and washed away, allowing the 
repetition of the sequencing cycle (Illumina, 2010). In this way, the sequence of bases in each 
DNA fragment is determined, generating millions of partially overlapping sequences, called 
reads, which can be assembled into a complete genome.  

 

Figure 10: A schematic representation of solid phase amplification and cluster generation on the 
surface of a flow cell. (A) Fragmentation and addition of adapters. (B) Adapters bind to 

complementary sequences on a flow cells surface. (C) Addition of reagents and enzyme causes 
solid-phase bridge amplification to occur. (D) Fragments become double stranded. (E) Double 

stranded molecules are denatured and the reverse strand is washed away. (F) Millions of clusters 
are generated in each channel of the flow cell (Illumina, 2010). 
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1.3.1.4.4 Genome assembly 
 

Two methods are available for genome assembly. The first involves aligning the reads to a 
known reference genome. However, such genomes are still not available for most species and 
strains of microorganism in which case the reads must be assembled de novo. 

De novo assembly produces continuous sequences by aligning overlapping portions of the 
reads. This overlapping depends on the size of the DNA fragments in the library. Using only 
small fragments can leave a high number of gaps, regions where no overlapping between any 
reads takes place. In contrast, long fragments are generally sequenced at lower depth, leading 
to lower quality of data when libraries consist entirely of long fragments. Optimal coverage 
across the genome is archived by combination of the two in a library with high diversity in 
DNA fragment sizes (Illumina, 2011-2013). 

The quality of alignment can be greatly improved by the use of paired-end (PE) sequencing 
protocols, especially for regions containing repetitive elements. The use of paired-end 
protocols in genome assembly is schematically demonstrated in Figure 12. In these protocols, 
both ends of the DNA fragment are sequenced and because the distance between each paired 
read is known, the reads can be mapped over repetitive regions more accurately (Illumina, 
2011-2013). 

Figure 11: A schematic representation of sequencing by synthesis. Regeneration of the forward strand by 
fluorescently labelled nucleotides allows identification of bases, one at a time, generating millions of reads that 

need to be assembled, (Illumina, 2010). 
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Figure 12: Alignment of paired-end sequence reads. (A) Alignment to a reference genome. (B) De 
novo assembly of reads. 
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1.3.2 Genome annotation and data analysis 
 

1.2.2.1 Rapid Annotations using Subsystems Technology (RAST) 
 

For annotation of the sequenced genomes, the RAST program (Aziz, et al, 2008) was used. 
This server enables rapid annotation of microbial genomes, especially those of organisms that 
are closely related to existing annotated genomes.  

RAST identifies rRNA and tRNA genes as well as protein-encoding genes found in an 
uploaded genome. It also predicts which subsystems are represented in the genome and uses 
this system to group genes into modules. The user uploads either a complete genome or a set 
of contigs to the software, which compares it to hundreds of existing genomes and 
subsystems that have been made publicly available by the cooperative effort of many 
research groups. 

RAST uses a collection of protein families called Figfams. Each Figfam is a 3-tuple 
composed of a set of proteins, a function characteristic of the family and a decision procedure 
that places proteins in the same family based on their functional role within the cell or, in the 
case of unknown function, chromosome context and sequence identity between closely 
related genomes. The user is presented with a thorough overview of the genes the genome in 
question shares with existing genomes and the context around specific genes. The software 
also highlights the genes that distinguish the genome from those in a set of existing genomes. 

The process includes comparison of protein-encoding genes with over 500,000 known 
protein-encoding genes of over 6200 functional roles, from bacterial and archaeal genomes. 
In the case of genomes such as that of S. zooepidemicus, that are closely related to existing 
annotated genomes, such as that of S. equi, RAST recognizes well over 90% of the genes in 
question (Aziz, et al, 2008). 

 

1.2.2.2 The Artemis comparison tool (ACT) 
 

The Artemis comparison tool (ACT) uses components of the Artemis software to display 
whole-genome sequences as well as their annotations, making interactive comparison 
between whole-genome sequences accessible and easy to do. The ACT allows the 
identification of regions of rearrangements, insertions and regions of similarity between the 
genomes. RAST annotation files can be uploaded and the annotated sequences compared. 
Results are displayed as red and blue bands, representing the forward and reverse matches, 
respectively with the intensity of the colour representing the per cent identity of the match 
(Carver, Rutherford, Berriman, Rajandream, Barrell, & Parkhill, 2005). 
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1.2.2.3 Bayesian evolutionary analysis by sampling trees (BEAST) 
 

The term Bayesian evolutionary analysis describes a number of analysis types that have in 
common a model including one or more phylogenetic or genealogical trees. The BEAST 
software enables Bayesian analysis of molecular sequences related by such an evolutionary 
tree. All Bayesian models, BEAST included, combine the information provided by obtained 
data with prior distribution over parameter values. BEAST provides a very large number of 
evolutionary models, among which are models for DNA and protein sequence evolution, 
clock phylogenetics, coalescent analysis and more.  

Due to the high number of models, they are difficult to summarize in a brief report like this 
one. The model of most interest here is the strict molecular clock model. It allows the 
calculation of substitution rates when dates of nodes in the evolutionary tree are specified 
(Drummond & Rambaut, 2007). 

Bayesian analysis is to be performed on the obtained sequence data by Matthew Holden of 
the Welcome Trust Sanger Institute/ University of St. Andrews, a collaborator in this project.  
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1.3.3 Serological methods – Indirect ELISA 
 

Different versions of enzyme linked immunosorbent assay (ELISA) tests are widely used for 
detection and quantification of specific antibodies in serum samples. These methods allow 
the detection of an antigen in extremely low concentrations due to the very specific binding 
of an antibody to its specific antigen.  

Indirect ELISA, demonstrated in Figure 13, employs a 96 well microtiter plate coated with 
the antigen of interest. A nonreactive protein, such as casein, is added to cover any unbound 
binding sites. The use of 1% skimmed milk is also common, in which case a mixture of 
proteins bind to the sites. As samples (here equine serum) are added, antibodies in the 
samples specifically bind to the antigen. After washing, a second antibody, this time enzyme-
labelled, is added to the solution. Common enzymes include alkaline phosphatase and 
glucose oxidase (Gan & Patel, 2013) but in this project horseradish peroxidase was used, 
bound to a goat anti-horse secondary antibody. This second antibody binds to the specific 
antibody and any unbound reagents are washed away.  

Finally, a chromogenic substrate for the enzyme is added, the reaction of which yields a 
colour change or fluorescence signal proportional to the amount of antigen bound. This signal 
can then be detected using the appropriate instrument.  

 

It is important to note that the enzyme-mediated reaction is gradual but will in time reach 
equilibrium. Thus, halting the reaction, for example by the addition of strong acid, after a 
fixed amount of time is crucial for obtaining consistent results (Gan & Patel, 2013). 

  

Figure 13: A schematic representation of a typical iELISA assay. The details of each step 
are described in the text, (Abcam, 1998-2014). 
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2 Materials and methods 
 

2.1 Bacterial isolates and serum samples 
 

174 isolates of S. zooepidemicus collected from Icelandic horses in 2013, as well as serum 
samples from 1998 were kindly provided by the Institute for Experimental Pathology in 
Keldur, Iceland. For recovery of isolates, swabs were streaked and the strains grown 
overnight on colistin-oxolinic acid-blood agar (COBA) strep select plates (bioMerieux) at 
37°C in a 5% CO2-enriched, humidified atmosphere.  

Genomic DNA from isolates was extracted and purified prior to the beginning of this project. 
All isolates were grown overnight in Todd-Hewitt broth (THB) at 37°C in a 5% CO2-
enriched, humidified atmosphere before DNA was extracted using a GenEluteTM Bacterial 
Genomic DNA Kit (Sigma) according to the manufacturer's instructions with the addition of 
250 units/mL of mutanolysin and 20 µl of RNase solution provided in the kit. 

Serum samples included 100 samples from 1991 and 1992 and 100 from 2001 and 2002. In 
addition, 28 samples from pyrexic horses in the years 1998-1999 were tested. Of these, serum 
from the convalescent period was available for 9 horses.  

Lastly, serum from 37 horses that were sampled for reasons other than infectious pyrexia 
were tested. Sampling reasons included listeriosis, salmonellosis, recovery from 
salmonellosis and healthy controls. Sampling dates were from 1998 to 2000 and those 
samples were regarded as negative for pyrexia.  

 The details on all isolates and serum samples can be found in tables 16 and 17 in the 
appendix. 
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2.2 Sequence type identification 
 

2.2.1 Primer design 
 

Single nucleotide polymorphisms (SNPs) between different alleles were located by aligning 
allele sequences from MLST database (Webb, et al., 2008) using ClustalW2, an open 
aligning software from the European Bioinformatics institute (EBI) (URL: 
http://www.ebi.ac.uk/Tools/msa/clustalw2/). 

As no SNPs completely specific for ST-246 and ST-248 were located, sequence type 
specificity was improved by using two pairs of primers instead of one with the first pair 
narrowing the possible number of STs and the second picking out the desired ST from within 
that group. One of the primer pairs used, SzeP, was previously designed by Nicola Rash of 
AHT and is specific for the CDS of the superantigen SzeP (Paillot, et al., 2010). 

Before ordering, primer quality was estimated using a tool provided on Sigma-Aldrich 
website (URL: 
https://www.sigmaaldrich.com/configurator/servlet/DesignTool?prod_type=STANDARD). 
Allele sequences and allelic profiles of specific STs are available from the MLST database.  

A total of eight primer pairs were made to bind specifically to MLST alleles. Upon testing, 
only three of those were determined to be sufficiently specific and it was therefore decided to 
also employ the szeP specific primer pair from the AHTs archive for the detection of ST-246. 

The following table shows the sequence of the final primers used. 

Table 3: Nucleotide sequence of primers used for sequence type identification 

Gene Forward primer 5’-3’ Reverse primer 5’-3’ 
yqiL AATTGAAGACTTGGATTTGGTGGAG CGGATGACCAAGAGCAATAGCACCA 

szeP TCCAGTTGAGAAATCCTGGC CCTAAAAATTTCGACATCAAGTG 

tdk GGTTGATGAGCTAAATGTT GCTGCAATATTGACAGATA 

spi TGATACCTACCTGACAAGT 
 

GGAACAGTGATGTCAAATTCTG 

 

Full list of sequence types the primers were designed to detect is available in tables 10-13 in 
the appendix. 
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2.2.2 qPCR 
 

Quantitative PCR was used to identify strains for sequencing from a collection of 174 
isolates, obtained from Icelandic horses in 2013.  

Allele presence was determined by qPCR using a SYBR® green-based method with a 
StepOnePlusTM  instrument (Applied Biosystems). A mixture of approximately 5 ng DNA, 5 
µL SYBR green master mix from Kapa and 3×10!!" mol of forward and reverse primers in 
a total volume of 10 µL was subjected to the following thermocycling program. 95˚C for 3 
minutes, followed by 40 cycles of 95˚C for 30 s and the annealing temperature listed in Table 
4 for 10 s. The temperature was again raised to 95˚C for 15 s before analysing the melting 
curve of the products following a final ramp step from 60˚C to 95˚C with reads at 0.3˚C 
intervals.  

The exception from this was the szeP primer, for which the ramp step consisted of reads at 
0.5 ˚C intervals between 60˚C and 90˚C. 

Table 4: Primer annealing temperature 

Primer Annealing 
temp. [˚C] 

yqiL 66 
szeP 60 
tdk 64 
spi 64 

 

Primer annealing temperatures were experimentally optimized. The values in the table 
present the temperature of the lowest non-specific amplification of those temperatures tested.  

To test the specificity of the qPCR, two panels of isolates of known sequence types were 
screened prior to screening of the 174 isolates from 2013. These included a panel of 155 
isolates, sequenced as part of the study on the epidemic of respiratory disease in 2010 
(Bjornsdottir, et al., Unpublished) as well as a panel of 76 different strains from the AHTs 
archive. The full results of these tests are shown in Table 14 and Table 15 in the appendix. 
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2.2.2 Whole genome sequencing 
 

To eliminate potential contamination, DNA was extracted anew prior to sequencing using the 
method described in section 2.1. Sample purity was confirmed using NanoDropTM 

measurements. DNA was quantified using the QubitTM dsDNA BR Assay Kit (Life 
Technologies) and diluted to a final concentration of 0.2 ng/µl. Samples were prepared 
according to the Nextera® XT DNA Sample Preparation Guide. Library quantification was 
performed with qPCR using KAPA Library quantification Kit for Illumina sequencing 
platforms. Library concentration was determined to be 636 pM. 

Paired-end sequencing was carried out using amplicon chemistry. For dual indexing, primers 
N701-N706 and S501-S508 from the Nextera® XT DNA Sample Preparation Guide were 
employed. Paired end read lengths were manually set to 251 bp from each end.  

 

2.2.3 Genome annotation and analysis 
 

Paired end reads, most of the length 251 bp, were assembled using the default de novo 
genome assembly program (Velvet) on the MiSeq® to generate a multicontig draft genome 
for each of the 26 isolates sequenced. A single sequence FASTA file was generated from the 
contigs using Artemis before ordering. The contigs were then ordered using the Mauve 
aligner by comparing with the genomic sequence of the H70 strain of S. Zooepidemicus, 
originally determined by Holden et, al,. (2009).  
Annotation of all strains studied was carried out using the RAST annotation server (Aziz, et 
al., 2008). Once annotated, genomes were compared using the Artemis Comparison Tool 
(Carver, Rutherford, Berriman, Rajandream, Barrell, & Parkhill, 2005). Input comparison file 
for ACT was produced using DoubleAct v2 from the Health Protection Agency (HPA) (URL: 
http://www.hpa-bioinfotools.org.uk/pise/double_act.html). MLST profiles for the genomes 
were extracted using MLST 1.7 (Larsen, et al., 2012) from the Center for Genomic 
Epidemiology (CGE). 

All software listed above is freely available under GPL. URLs for download can be found in 
section 7.4 in the appendix.   
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2.3 Detection of antibodies in horse serum using ELISA 
 

Ninety-six well MAXISORP® plates from NuncTM were coated over night at 4 °C with 200 
ng of antigen SzeN, SzeP or SeeI in each well. The superantigens were purified prior to the 
beginning of this project by Nicola Rash using a method described elsewhere (Paillot, et al., 
2010). SeeI is a superantigen produced by S.equi, which has not been found in Iceland and 
served as a negative control for all samples.  

All assays were run in duplicate. Antigen-well binding was enhanced by diluting the antigen 
solution in a carbonate buffer at pH 9.5 before introducing them to the well.  

Plates were washed four times with phosphate buffered saline containing 0.05% Tween 20 
(PBST) and blocked using 1% non-fat dry-milk in PBS solution for 1 h at 37°C.   

Plates were washed four times with PBST and 100 µl of test or control serum, previously 
diluted 1/800 in PBS, were added to each well for 1 h at 37°C.  

Plates were washed four times with PBST before adding 100 ng of peroxidase-conjugated, 
anti-horse secondary antibodies (diluted in PBS to a final volume of 100 µl) to each well. The 
plates were incubated for 1 h at 37°C, before again washing four times with PBST. 

100 µL of SureBlueTM reserve peroxidase substrate 3,3’,5,5’-tetramethylbenzidine (TMB) 
was added to each well and the plate incubated for 10 min at room temperature. The reaction 
was halted by adding 100 µL of 0.18 M H2SO4 to each well and the optical density (OD) was 
measured at λ=450 nm.  

 

2.4 Statistics 
 

No positive controls were available to the study. An early test run revealed high values for 
sample E-243/98 (Skjoni) and that sample was thereafter employed as positive control. 
During analysis, the average of each duplicate was adjusted for variation between plates by 
dividing the value with that of sample E-243/98 and multiplying by 0.5.  
As no positive control was available a cut-off value was not determined but a two-tailed 
student’s t- test was used to determine if a statistically significant difference existed between 
samples belonging to different groups. For the nine paired samples available, a paired t-test 
was used. Significance was presumed at P < 0.05.    

 

3 Results and discussion 
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3.1 Determination of the specificity of the qPCR test 
 

The qPCR screening of the two panels demonstrated that the combined use of the primers for 
tdk and spi, and of yqiL and szeP, were specific for the sequence types listed in Table 5 
below. 

Table 5: A summary of sequence types that tested positive with the designed primer pairs 

Primers STs from Iceland 2010 AHTs panel 
yqiL and szeP 2 and 246 3,7,8,46,48,100,113,116,127 and 144 

tdk and spi 248 133 

 

The full results of the screening can be found in tables 14 and 15 in the appendix. And an 
example of typical amplification plot and melting curve can be seen for the yqiL primer in 
Figure 8. 

10/77 sequence types of the AHT’s archive tested positive for yqiL and szeP, none of them 
were found in Iceland in 2010 and all were considered unlikely to have entered the country. 
Therefore both tests were considered sufficiently specific to proceed to screening of the 2013 
samples.  

 

3.2 Screening of bacterial isolates from 2013 for ST-246 and ST-248 
 

The screening of the samples from 2013 revealed 19 potential ST-246 isolates and 7 potential 
ST-248 isolates. The details of positive isolates can be seen in   
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Table 6 in the following page. 
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Table 6: Details of positive isolates from 2013 archive 

Freezer ID Potential ST Sample ID Sampling date Farm/stable area 
1 246 Sokki A 08.01.13 Keldur 
2 246 Sokki B 08.01.13 Keldur 
3 246 Sokki C 08.01.13 Keldur 
4 246 Sokki D 08.01.13 Keldur 

137 246 Sokki A 03.12.12 Keldur 
138 246 Sokki B 03.12.12 Keldur 
139 246 Sokki C 03.12.12 Keldur 
140 246 Sokki D 03.12.12 Keldur 
141 246 Sokki E 03.12.12 Keldur 
142 246 Svarri A 03.12.12 Keldur 
143 246 Svarri B 03.12.12 Keldur 
144 246 Svarri C 03.12.12 Keldur 
145 246 Svarri D 03.12.12 Keldur 
146 246 Svarri E 03.12.12 Keldur 
151 246 Tru E 05.02.13 Hrisdalur 
152 246 Stefnir A 05.02.13 Hrisdalur 
153 246 Stefnir B 05.02.13 Hrisdalur 
154 246 Stefnir C 05.02.13 Hrisdalur 
155 246 Stefnir D 05.02.13 Hrisdalur 
56 248 Osk D 15.01.13 Fakur, Vididal 
57 248 Funi A 15.01.13 Fakur, Vididal 
58 248 Funi B 15.01.13 Fakur, Vididal 
59 248 Funi C 15.01.13 Fakur, Vididal 
60 248 Funi D 15.01.13 Fakur, Vididal 
61 248 Funi E 15.01.13 Fakur, Vididal 
83 248 273-2 25.01.13 Grundarfjordur 

 

 The full results of the screening can be found in Table 16 in the appendix. 

 

3.2 Whole genome sequencing and genome analysis 
 

3.2.1 Sequencing success 
 

The quality of data generated by whole genome sequencing was very good. Of the clusters 
generated on the surface of the flow cell, 91.6% passed quality filter, resulting in cluster 
density of 1119  ×10!  clusters/ mm2. 

To measure base calling accuracy, a Q score (or a Phred score) is assigned to each base. A 
number of sequencing parameters, not listed here, make up the error probability (P) for each 
base. Q scores are defined as a property that is logarithmically related to the base calling 
error:  
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𝑄 =   −10×log  (𝑃) 

A Q score of 30 or higher was assigned to 88.9% of the base calls, accounting for 10.6 Gb of 
the 12342.9 Mb of the total data generated, meaning the probability of the right base having 
been identified in these cases was 99.9% (Illumina, 2011). 

As displayed in Figure 14B, lower base quality was observed as the reads got longer. This is 
due to the breakdown of a small portion of the strands during each laser stimulation, which 
results in a weaker signal. The figure displays results for isolate 58 but similar results were 
obtained for all isolates. 

 

Although the quality of the data generated was good, due to an unknown reason, half of the 
contig files assembled by the MiSeq® software proved to be considerably larger than 
expected and once ordered, generated genomes in the size range of 4.5-7 Mb, rather than the 
~2 Mb genome of S. zooepidemicus. After observing that similar number of reads had been 
generated for all samples and that no pattern of potential contamination could be seen on the 
plate, several random sequences were compared to the NCBIs database using BLAST 
(Altschul, et al, 1997), and no signs of contamination were found.  

The problem was deducted to have resulted from an error in the de novo assembly and these 
reads were re-assembled independently of the MiSeq® software using the DNASTAR, INC 
‘Assemble bacteria de novo – FREE’ app in Illuminas BaseSpace® computing platform 
(Illumina, 2012).  

Graphical illustration of ordered contig files for isolate 155 from after the independent 
assembly, lined up against the H70 reference genome can be seen in Figure 15.  

Figure 14: Quality score for base calls during sequencing of isolate 58. (A) Distribution of average quality 
score over all sequences. (B) Quality scores across all bases as a function of read length 
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Once contigs had been assembled, isolates were genotyped using the MLST 1.7 software. In 
doing so, it became clear that 16/19 potential ST-246 isolates, proved to be ST-2 and no ST-
246 isolates were found among the sequenced samples. This finding came as a great surprise, 
as ST-246 was quite a common finding in 2010 (see Table 14 in the appendix).  

Due to this the core mutation rate could not be determined for ST-246 and its role in the 
epidemic in 1998-2000 remains uncertain.  

However, six of the seven ST-248 isolates sequenced proved to be ST-248. These sequences are to be taken 
forward to Bayesian analysis but this work was not yet completed upon submission of this report.

Table 7 shows the number of reads generated in the sequencing reaction and the number of 
reads passing filter. Reads are filtered on the basis of quality and length. In addition, 
sequenced adapters, primer dimers, homopolymers and other sequencing artefacts are 
detected and removed before assembly.  

Table 7 also lists the calculated coverage and the sequence type as determined by the MLST 
1.7 software for each isolate.  

Figure 15: Genome alignment using Mauve. Ordered contigs of the correctly assembled genome of isolate 155.  
Coloured blocks indicate homology in the reference genome without rearrangement. Red lines indicate contig 

boundaries. The H70 genome was used as a reference 
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Table 7: Number of total reads generated, reads passing filter, the calculated coverage and determined 
sequence type for each isolate.  

Isolate 
Number of 
read pairs 

Assembled 
pairs 

Reads passing 
filter (%) 

Average 
coverage ST 

1 340827 310808 91.19 71 2 
2 471237 425452 90.28 102 2 
3 446270 398073 89.20 104 2 
4 365926 332372 90.83 73 2 

137 425404 386900 90.95 87 2 
138 363585 327299 90.02 75 2 
139 450488 395258 87.74 97 2 
140 413395 352094 85.17 84 2 
141 447458 394224 88.10 103 2 
142 464109 415005 89.42 105 2 
143 371081 313199 84.40 72 2 
144 466478 411689 88.25 93 2 
145 412384 361923 87.76 83 2 
146 317142 266917 84.16 64 2 
151 477344 421103 88.22 106 250 
152 394316 352023 89.27 80 2 
153 297391 257604 86.62 60 2 
154 473324 423333 89.44 94 NA 
155 466399 402019 86.20 92 NA 
56 395331 328891 83.19 79 250 
57 448430 372757 83.12 102 248 
58 365779 309786 84.69 70 248 
59 504737 423666 83.94 100 248 
60 361635 298475 82.53 68 248 
61 523185 454764 86.92 105 248 
83 415991 346380 83.27 83 248 

Average 418447 364692 87.11 87  
St. dev 58001 52871 2.77 15  

3.2.2 Genome analysis 
 

Table 7, Isolates 154 and 155 were of unknown sequence type. These isolates had the 
respected allelic profile: 

arcC(NA) nrde6 proS15 spi34 tdk25 tpi31 yqiL44 
 

The unidentified arcC allele resembled arcC6 the most with the only difference being 210T 
→210C and 213C → 213G.  
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This represented a previously unidentified arcC allele, which was given the allelic number 
arcC39 í the MLST database. The isolates were put down as ST-323. 

Comparison of the ST-248 genome of isolate 59 with that of the ST-248 genome sequenced 
in 2010 was carried out in ACT. As seen in Figure 16, several regions seem to have been 
reversed during the time between sampling although this might also result in part from 
sequencing artefacts.   

Sequence data was sent to Matthew Holden for Bayesian analysis but this analysis was not 
completed when this thesis was submitted.  

3.3 ELISA 
 

Serum from 9 horses, obtained during acute and convalescent phases, was available for this 
project. A paired student’s t-test revealed no statistically significant differences between 
average adjusted optical density values, (P =0.3365 for SzeN and P =0.4585 for SzeP).  

These results are not considered to disprove the hypothesis that ST-246 was the causal agent 
of the epidemic in 1998, but neither do they support the hypothesis. 

Figure 16: Comparison of the ST-248 genome of isolate 59 with the genome of the ST-248 strain sequenced in 
2010. Coloured bands represent matching sequences with red representing forward matches and blue bands 
representing reverse matches. The intensity of the bands represents the degree of homology between the two 

sequences. 
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As can be seen in Figure 17, standard error is high, especially for SzeN values and it should 
not be ruled out that a significant difference could be seen in a larger sample set.  

 

Larger samples were available for the other groups tested. Boxplot showing the dispersion of 
all ELISA data for each antigen and for each group can be seen in Figure 18. 

Table 8 shows a summary of P-values for a two-sided student’s t-test for each superantigen 
between all the groups tested. A statistically significant difference was found in the 
production of antibodies against SzeN between samples from pre-and post-1998, with the 
average for post-1998 to be much higher than for pre-1998, but surprisingly no such 
difference was seen in antibodies against SzeP.   

Table 8: P values for a two sided t-test for each superantigen between all the groups and average OD for each 
superantigen in each group. 

 Non pyrexic 
horses in 

1998, n=37 

Pyrexic 
horses, n=28 

Post-1998, 
n=100 

Pre-1998, 
n=100 

Pre 1998, 
n=100 

    

SzeN 0.6295 0.1508 0.0018  

SzeP 0.0214 0.0237 0.9819  
Post 1998, 

n=100 
    

SzeN 0.0647 0.4182   
SzeP 0.1167 0.1243   

Pyrexic 
horses, n=28 

    

Figure 17: Graphical representation of ELISA data for paired samples from 1998. Error bars in the barplot 
represent standard deviation but the error bars in the box plot show standard error values. 
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SzeN 0.3389    
SzeP 0.6568    

Average OD     
SzeN 0.1539 0.1964 0.2365 0.1355 
SzeP 0.0839 0.0733 0.1705 0.1714 

 

As the two superantigens are most commonly both present in a given strain, it seems strange 
that such a clear difference is seen for one superantigen but not the other. Three possible 
explanations come to mind.  

1. Both SzeN and SzeP were present but szeP is not expressed by the infecting strain in 
vivo or not expressed in sufficient amounts to cause seroconversion. When studying 
the stimulation of proliferation of equine PBMCs in vitro, Pailllot, et al., found in 
2010 the half-maximal proliferation response (P50S) to be 5.35 ± 3.1 pg/ml for SzeN 
but 25.9 ± 6.6 pg/ml for SzeP, respectively. Although the potency of a superantigen 
will not necessarily dictate the antibody response generated, these results might 
suggest that SzeP has to be produced in greater quantity than SzeN in order for it to 
cause seroconversion in vivo. 
 

2. Neither SzeN nor SzeP were present in the population but another antibody is cross-
reacting to SzeN. For example, the predicted product of szeN shares 49% sequence 
identity with the known S. pyogenes superantigens SpeM and SpeL, respectively. 
SzeP shares less similarity (34%) with those superantigens. SzeN is also closely 
related to the S. equi superantigens SeeL and SeeM, which have been found in S. 
zooepidemicus strains (Paillot, et al., 2010). The presence of these superantigens has 
not been reported in Iceland, but the observed difference could be explained by cross-
reaction of antibodies against these or other related superantigens with SzeN. 
 
The expression of szeN and szeP has not been studied in vivo and further study is 
necessary to determine if some external factor inhibits either the expression of szeP or 
its protein product in the horse. Analysis of the ST-246 genome from 2010 revealed 
both genes to be intact and the regulator sequence for szeP was identical to that of 
strain BHS5, studied by Paillot et, al,. (2010). No means existed to test functionality 
of any global regulator that might influence expression of the szeP.  
 

3. An unknown strain, expressing only szeN but not szeP emerged in the Icelandic horse 
population in the years between sampling. In the BHS5 genome, szeN and szeP were 
found to be next to one another but orientated in opposite directions on the 
chromosome, upstream of prophage-associated CDSs (Paillot, et al., 2010). Screening 
of a panel of 165 isolates of S. zooepidemicus by Paillot, et al, showed 19% of the 
isolates to contain szeN and 21% to contain szeP. Two isolates were found to contain 
szeP without szeN but no isolates containing szeN were found to lack szeP. This 
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demonstrated that szeP can be found in a genome without szeN but further study is 
required to see if szeN is found without szeP. 

  

Table 8 is not considered ground to reject the hypothesis that ST-246 caused the epidemic of 
pyrexia. In addition to small sample size, it is stated in section 1.1.3.2 that morbidity was 
most likely 100% with many horses showing very mild clinical signs. It has to be considered 
likely that at least some of the horses sampled for other reasons than infectious pyrexia were 
infected with the cause of the epidemic, but that clinical signs were mild and not noted. 

Indeed, several of the horses in the stables at Fjárborg, from where the salmonellosis samples 
came, were speculated to have infectious pyrexia in 1999 (see Table 17 in the appendix). If 
this was the case, it is likely the pathogen was present in the entire herd, including those 
horses sampled for salmonellosis, confounding analysis of serological data. 

Table 8, both in pyrexic and non-pyrexic horses than in either the pre- or post-1998 samples. 
This suggests that SzeP could not have caused the clinical signs observed. 

The drop in SzeP values during 1998-2000 can be explained in two ways: 

1. A SzeP producing strain was present from 1991-2002 but was temporarily suspended 
from many horses during the epidemic. This could happen if the SzeP producing 
strain was overcome in the competition for niches against the more competent, 
pathogenic agent, but recovered as the pathogenic strain was eliminated. 

2. The expression of szeP or the SzeP itself was blocked by an unknown factor produced 
either by the true causal agent or the responding immune system, rendering it inactive. 
The same result would be obtained if the production of antibodies specific for SzeP 
were blocked. 

 

If SzeN caused the manifestation of the 1998 epidemic, a significant difference in OD values 
would be expected to show between pyrexic horses and pre-1998 samples. This was found 
not to be the case. However, the P-value is rather small (P=0.1508) and could be speculated 
to get lower in a larger sample set with more information in relation to the disease. 

As displayed in Figure 18, the majority of values were very low and must be considered 
negative but are none the less included in the statistical analysis. Another way of exploring 
the data is to set an arbitrary cut-off value. Number of positive samples from pre- and post-
1998 at cut-off values 1.0, 0.5 and 0.3 can be seen in 

Table 9. Setting the cut-off value at 0.5 or 0.3 suggests a difference between antibody 
response to SzeN but not SzeP.  
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Table 9: Number of positive samples in each group after setting different cut-off values 

 Cut-off = 1.0 Cut-off = 0.5 Cut-off = 0.3 
Pre 1998    

SzeN 1 6 12 
SzeP 2 6 16 

Post 1998    
SzeN 1 12 27 
SzeP 2 7 14 

  

Finally, it should be mentioned that samples available for the study were far from optimal for 
the antibody assay, as the medical history of horses from which the pre- and post-1998 serum 
samples came was not known.  

Also unknown was the date of first emergence of clinical signs for the positive samples. It is 
therefore likely that many horses were sampled before a full antibody response could be 
developed. In addition to this, the negative 1998-2000 samples were most likely not all true 
negatives and very few paired samples were available for the study. 

The most significant result would be expected from a high number of paired samples from 
the acute stage of pyrexia (or earlier) and from the same horse 2-4 weeks after clinical signs 
are seen.  
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4 Conclusions 
 

Ø As no ST-246 strains were found in the material, the date of its introduction could not 
be determined. The hypothesis that a strain of this sequence types was the causal 
agent of the epidemic of pyrexia in 1998-2000 could therefore only be tested via 
serological methods.  

Ø Most likely due to sample limitation, iELISA data was inconclusive regarding the role 
of ST-246 as a causal agent in the 1998-2000 epidemic and could neither support nor 
disprove the hypothesis as clinical signs may have been caused by SzeN alone. 

Ø iELISA data did not reveal SzeP to have been a causal factor of the pyrexia observed 
in the 1998-2000 epidemic.  

Ø ST-248 strains were confirmed remain resident in the Icelandic horse population in 
2013 and sequence data was generated.  
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5 Future research 
 

Ø A slightly modified qPCR test, which discriminates between ST-246 and ST-2, could 
be used to screen a different archive of isolates for ST-246 strains, which could then 
be sequenced.  

Ø Should a true positive for an iELISA test of SzeN and SzeP become available, a cut-
off value could be determined and the statistical analysis repeated.  

Ø Sequence data generated in this project will be used to calculate the date of emergence 
of ST-248 in Iceland. 
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7. Appendix 
 

7.1 Primer design 
 

Before ordering, primer quality was estimated using a tool provided by Sigma-Aldrich, 
accessible at 
http://www.sigmaaldrich.com/configurator/servlet/DesignTool?prod_type=STANDARD  

Allele sequences for tdk, yqiL and spi are available for download from the MLST database at 
http://pubmlst.org/cgi-
bin/mlstdbnet/mlstdbnet.pl?file=sz_profiles.xml&page=download_alleles 

The ClustalW2 software is available at http://www.ebi.ac.uk/Tools/msa/clustalw2/ 

Allelic profiles of specific sequence types are available from the MLST database at 
http://pubmlst.org/cgi-bin/mlstdbnet/mlstdbnet.pl?file=sz_profiles.xml&page=query  

Tables 9-11 show the sequence types expected to test positive for each primer based on 
common mutations in the alleles in the MLST database.  

Table 12 shows the sequence types that previously tested positive using the szeP primer. The 
testing was carried out by Paillot, et, al., (2010).  

 

Table 10: Sequence types expected to test positive in a qPCR reaction with the yqiL primer 

ST arcC nrdE proS spi tdk tpi yqiL 
123	  

21 3 12 29 1 45 15 
129	  

21 3 12 21 1 45 15 
141	  

21 11 12 21 1 45 15 
154	  

21 3 5 5 1 15 15 
246	  

5 3 12 21 1 45 15 
306	  

10 14 22 14 1 10 15 
127	  

21 3 12 29 1 45 38 
151	  

45 45 45 45 23 45 45 
179	  

45 45 45 45 45 45 45 
281	  

45 46 45 45 23 45 45 
282	  

45 47 45 45 23 45 45 
283	  

45 47 45 45 45 45 45 
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Table 11: Sequence types expected to test positive in a qPCR run with the tdk primer 

ST arcC nrdE proS spi tdk tpi yqiL 
248	  

18 11 58 6 37 5 24 

240	  
6 6 6 2 35 7 41 

8	  
6 6 6 4 5 7 7 

23	  

6 15 6 4 5 7 7 
46	  

6 5 6 2 5 7 7 
66	  

6 6 6 2 5 7 7 
68	  

23 6 6 4 5 7 7 
113	  

3 6 6 2 5 7 7 
133	  

2 4 4 7 5 5 20 
153	  

6 6 6 2 5 7 41 
159	  

6 6 6 4 5 30 7 
186	  

2 3 4 33 5 1 1 
189	  

4 11 38 2 5 4 43 
206	  

2 10 9 6 5 10 16 
229	  

3 6 6 21 5 7 7 
242	  

6 38 6 4 5 7 7 
 

Table 12: Sequence types expected to test positive in a qPCR reaction with the spi primer 

ST	   arcC nrdE proS spi tdk tpi yqiL 
6	  

2 4 4 6 4 5 6 

10	  

3 8 5 6 7 7 9 

22	  
3 8 5 6 12 7 9 

27	  

7 7 7 6 6 8 1 

28	  
3 3 9 6 19 1 25 

32	  
3 10 5 6 1 7 9 

38	  

3 11 5 6 7 1 9 

40	  
3 3 1 6 1 5 16 

41	  
3 8 5 6 1 7 9 

42	  

3 8 5 6 7 7 5 

44	  
3 10 5 6 7 7 5 

45	  

3 3 9 6 20 1 25 

47	  
24 8 5 6 7 7 9 

50	  
14 3 5 6 14 10 16 

58	  

18 11 1 6 17 16 23 

61	  
18 11 20 6 17 16 3 

72	  
3 10 5 6 7 7 9 

93	  

3 3 5 6 7 15 9 

94	  
3 11 1 6 14 16 16 

97	  

22 11 5 6 1 2 5 

99	  
3 11 5 6 7 5 9 

109	  
8 23 8 6 1 24 36 
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115	  
2 10 9 6 22 4 2 

119	  

3 3 31 6 20 1 25 

120	  

8 24 13 6 6 8 1 

121	  
22 19 32 6 7 26 5 

138	  

3 3 29 6 1 5 16 

147	  
3 3 1 6 1 1 16 

174	  
22 11 7 6 10 7 6 

181	  

2 19 32 6 12 26 5 

183	  
21 11 5 6 1 2 5 

206	  

2 10 9 6 5 10 16 

218	  

8 3 43 6 30 3 22 

231	  
8 3 42 6 30 3 3 

235	  

3 3 29 6 1 5 44 

239	  
3 11 5 6 1 2 5 

241	  
22 11 5 6 1 2 54 

248	  

18 11 7 6 37 5 24 

250	  
2 4 6 6 4 14 10 

252	  

2 4 6 6 4 5 10 

286	  

8 3 10 6 30 3 22 

296	  
8 14 22 6 39 10 6 

301	  

3 11 15 6 14 16 16 

310	  
18 42 20 6 17 16 3 

319	  
3 40 9 6 20 1 25 

73	  

3 8 5 27 7 7 9 

9	  
7 7 7 7 6 8 8 

80	  

2 4 4 7 4 5 20 

133	  

2 4 4 7 5 5 20 

137	  
16 4 4 7 4 3 20 

149	  

16 4 4 7 4 5 20 

163	  
8 16 24 7 11 4 24 

203	  
2 4 4 7 4 5 43 

224	  

1 11 15 7 1 5 6 

261	  
16 4 4 7 4 5 19 

289	  

38 11 10 7 1 34 6 

211	  

33 29 42 37 28 1 47 

54	  
2 11 16 26 7 9 1 

77	  

2 11 23 26 7 20 6 

95	  
17 11 13 26 7 9 6 

125	  
2 3 16 26 7 9 6 

217	  

2 11 23 26 7 9 6 

278	  
2 11 6 26 7 9 6 

279	  

2 11 16 26 7 9 6 
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Table 13: Sequence types that tested positive by Paillot, et,al., (2010) using the SzeP primer 

ST arcC nrdE proS spi tdk tpi yqiL 
197	  

32 11 39 36 24 33 5 

116	  
2 3 9 45 9 4 16 

8	  

6 6 6 4 5 7 7 

46	  
6 5 6 2 5 7 7 

113	  
3 6 6 2 5 7 7 

2	  

2 2 1 2 1 2 2 

227	  
2 36 1 42 1 4 2 

3	  

3 3 1 3 2 3 3 

92	  
3 3 1 2 2 3 3 

57	  
25 3 15 17 1 14 11 

7	  

5 5 5 5 3 6 7 

70	  
5 3 5 5 3 14 16 

48	  
5 5 5 11 3 6 7 

123	  

21 3 12 29 1 45 15 

127	  
21 3 12 29 1 45 38 

141	  

21 11 12 21 1 45 15 

126	  
3 3 26 1 1 27 32 

102	  
2 3 9 1 4 4 16 

145	  

8 19 1 2 4 10 10 

5	  
5 3 3 5 3 5 5 

53	  
5 20 3 5 3 5 5 

144	  

21 2 1 2 1 13 10 

267	  
2 11 2 52 22 19 26 
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7.2 Determination of primer specificity 
 

To determine primer specificity, an archive of 163 samples from 2010 was tested for each 
primer (Table 14) and an archive of 78 samples commonly used at the AHT (Table 15). The 
table includes the results of screening using the szeP primer carried out by Paillot et, al,. 
(2010). 

Table 14: The full result of primer testing against an archive of isolates from 2010. Green represents positive 
results while orange represents unexpected positives. NA = Not available; nt = not tested. 

Freezer	  
ID	   Sample	  ID	  

Date	  of	  
sample	   ST	   yqiL	   szeP	   tdk	   spi	  

1	   E1578/10-‐1	   28/06/2010 209	   -‐	   -‐	   -‐	   -‐	  
2	   E1578/10-‐2	   28/06/2010 248	   -‐	   -‐	   +	   +	  
3	   E1599/10-‐1	   30/06/2010 52	   +	   -‐	   -‐	   -‐	  
4	   E2464/10-‐1	   30/09/2010 120	   -‐	   -‐	   -‐	   +	  
5	   E2475/10-‐1	   30/09/2010 209	   -‐	   -‐	   -‐	   -‐	  
6	   E2475/10-‐2	   30/09/2010 248	   -‐	   -‐	   +	   +	  
7	   E2510/10-‐1a	   05/10/2010 209	   -‐	   -‐	   -‐	   -‐	  
8	   E2510/10-‐1b	   05/10/2010 209	   -‐	   -‐	   -‐	   -‐	  
9	   E2510/10-‐1c	  

	  
NA	   -‐	   -‐	   -‐	   -‐	  

10	   E2459/10-‐2a	   29/09/2010 209	   -‐	   -‐	   -‐	   -‐	  
11	   E2459/10-‐2b	   29/09/2010 209	   -‐	   -‐	   -‐	   -‐	  
12	   E2459/10-‐2c	   29/09/2010 209	   -‐	   -‐	   -‐	   -‐	  
13	   E2284/10-‐1a	   13/09/2010 209	   -‐	   -‐	   -‐	   -‐	  
14	   E2284/10-‐1b	   13/09/2010 209	   -‐	   -‐	   -‐	   -‐	  
15	   E2284/10-‐1c	   13/09/2010 209	   -‐	   -‐	   -‐	   -‐	  
16	   E2523/10-‐1a	   06/10/2010 248	   -‐	   -‐	   +	   +	  
17	   E2523/10-‐1b	   06/10/2010 248	   -‐	   -‐	   +	   +	  
18	   E2523/10-‐1c	   06/10/2010 248	   -‐	   -‐	   +	   +	  
19	   E1215/10-‐10	   19/05/2010 147	   -‐	   -‐	   -‐	   -‐	  
20	   E1215/10-‐12	   19/05/2010 NA	   +	   -‐	   -‐	   -‐	  
21	   E1215/10-‐13	   19/05/2010 209	   -‐	   +	   -‐	   -‐	  
22	   E1215/10-‐3	   19/05/2010 2	   +	   +	   -‐	   -‐	  
23	   E1215/10-‐4	   19/05/2010 209	   -‐	   -‐	   -‐	   -‐	  
24	   E1215/10-‐5	   19/05/2010 251	   -‐	   +	   -‐	   -‐	  
25	   E1215/10-‐8	   19/05/2010 250	   +	   -‐	   -‐	   +	  
27	   E1226/10-‐1	   20/05/2010 147	   -‐	   -‐	   -‐	   nt	  
28	   E1226/10-‐10	   20/05/2010 209	   -‐	   -‐	   -‐	   -‐	  
29	   E1226/10-‐12	   20/05/2010 251	   -‐	   +	   -‐	   -‐	  
30	   E1226/10-‐13	   20/05/2010 147	   -‐	   -‐	   -‐	   -‐	  
31	   E1226/10-‐3	   20/05/2010 147	   -‐	   -‐	   -‐	   -‐	  
32	   E1226/10-‐4	   20/05/2010 147	   -‐	   -‐	   -‐	   -‐	  
33	   E1226/10-‐7	   20/05/2010 147	   -‐	   -‐	   -‐	   -‐	  
34	   E1763/10-‐1	   19/07/2010 209	   -‐	   -‐	   -‐	   -‐	  
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35	   E1763/10-‐2	   19/07/2010 209	   -‐	   -‐	   -‐	   -‐	  
36	   E1763/10-‐3	   19/07/2010 209	   -‐	   -‐	   -‐	   -‐	  
37	   E1763/10-‐4	   19/07/2010 209	   -‐	   -‐	   -‐	   -‐	  
38	   E1763/10-‐5	   19/07/2010 209	   -‐	   -‐	   -‐	   -‐	  
39	   E1763/10-‐6	   19/07/2010 209	   -‐	   -‐	   -‐	   -‐	  
40	   E2358/10-‐1	   21/09/2010 246	   +	   +	   -‐	   -‐	  
41	   E2224/10-‐1a	   07/09/2010 209	   -‐	   -‐	   -‐	   -‐	  
42	   E2224/10-‐1b	   07/09/2010 252	   nt	   -‐	   -‐	   +	  
43	   E1096/10-‐1	   06/05/2010 147	   -‐	   -‐	   -‐	   -‐	  
44	   E1096/10-‐2	   06/05/2010 250	   +	   -‐	   -‐	   +	  
45	   E1096/10-‐3	  

	  
NA	   -‐	   +	   -‐	   -‐	  

46	   E1096/10-‐4	  
	  

NA	   +	   +	   -‐	   +	  
47	   E1096/10-‐5	   06/05/2010 246	   +	   +	   -‐	   -‐	  
48	   E1096/10-‐6	   06/05/2010 246	   +	   +	   -‐	   -‐	  
49	   E1096/10-‐7	   06/05/2010 246	   +	   +	   -‐	   nt	  
50	   E1343/10-‐1	   02/06/2010 209	   -‐	   -‐	   -‐	   -‐	  
51	   E1343/10-‐13	   02/06/2010 250	   +	   -‐	   -‐	   +	  
52	   E1343/10-‐14	   02/06/2010 209	   -‐	   -‐	   -‐	   -‐	  
53	   E1343/10-‐15	   02/06/2010 120	   +	   +	   -‐	   +	  
54	   E1343/10-‐2	   02/06/2010 209	   -‐	   -‐	   -‐	   -‐	  
55	   E1343/10-‐3	   02/06/2010 209	   -‐	   -‐	   -‐	   -‐	  
56	   E1343/10-‐5	   02/06/2010 209	   -‐	   -‐	   -‐	   -‐	  
57	   E1343/10-‐7	   02/06/2010 209	   -‐	   -‐	   -‐	   -‐	  
58	   E1343/10-‐8	   02/06/2010 209	   -‐	   -‐	   -‐	   -‐	  
59	   E1343/10-‐9	   02/06/2010 209	   -‐	   -‐	   -‐	   -‐	  
60	   E1632/10-‐1	  

	  
	  	  	  	  	  	  NA	   nt	   nt	   nt	  

61	   E1632/10-‐3	   04/07/2010 120	   +	   +	   -‐	   -‐	  
62	   E1639/10-‐2	   06/07/2010 72	   -‐	   -‐	   -‐	   -‐	  
63	   E1639/10-‐3	   06/07/2010 72	   -‐	   -‐	   -‐	   -‐	  
64	   E1654/10-‐1	   07/07/2010 246	   +	   +	   -‐	   nt	  
65	   E1658/10-‐1	   08/07/2010 72	   -‐	   -‐	   -‐	   -‐	  
66	   E1658/10-‐3	   08/07/2010 72	   -‐	   -‐	   -‐	   -‐	  
67	   E1697/10-‐1	   12/07/2010 209	   -‐	   -‐	   -‐	   -‐	  
68	   E1697/10-‐3	   12/07/2010 72	   -‐	   -‐	   -‐	   -‐	  
69	   E1700/10-‐1	   12/07/2010 209	   -‐	   -‐	   -‐	   -‐	  
70	   E1700/10-‐3	  

	  
NA	   -‐	   -‐	   -‐	   -‐	  

71	   E1713/10-‐1	   14/07/2010 209	   -‐	   -‐	   -‐	   -‐	  
72	   E1714/10-‐3	   14/07/2010 209	   -‐	   -‐	   -‐	   -‐	  
73	   E1834/10-‐1	   26/07/2010 209	   -‐	   -‐	   -‐	   -‐	  
74	   E2185/10-‐1	   02/09/2010 147	   -‐	   -‐	   -‐	   -‐	  
75	   E2522/10-‐3	   06/10/2010 251	   -‐	   +	   -‐	   -‐	  
76	   E2522/10-‐1	   06/10/2010 209	   -‐	   -‐	   -‐	   -‐	  
77	   E2522/10-‐2	   06/10/2010 209	   -‐	   -‐	   -‐	   -‐	  
78	   E2460/10-‐1	   29/09/2010 246	   +	   +	   -‐	   -‐	  
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79	   E2556/10-‐1	   08/10/2010 246	   +	   +	   -‐	   nt	  
80	   E2556/10-‐2a	   08/10/2010 209	   -‐	   -‐	   -‐	   -‐	  
81	   E2556/10-‐2b	   08/10/2010 209	   -‐	   -‐	   -‐	   -‐	  
82	   E2377/10-‐1	   22/09/2010 209	   -‐	   -‐	   -‐	   -‐	  
83	   E2608/10-‐2	   14/10/2010 248	   -‐	   -‐	   +	   +	  
84	   E2608/10-‐3a	   14/10/2010 246	   +	   +	   -‐	   -‐	  
85	   E2608/10-‐3b	   14/10/2010 246	   +	   +	   -‐	   -‐	  
86	   E2608/10-‐3c	   14/10/2010 246	   +	   +	   -‐	   -‐	  
87	   E1669/10-‐1	   08/07/2010 209	   -‐	   -‐	   -‐	   -‐	  
88	   E1154/10-‐1	   12/05/2010 246	   +	   +	   -‐	   -‐	  
89	   E1154/10-‐2	   12/05/2010 246	   +	   +	   -‐	   -‐	  
90	   E2571/10-‐1a	   11/10/2010 97	   -‐	   -‐	   -‐	   -‐	  
91	   E2571/10-‐1b	   11/10/2010 97	   -‐	   -‐	   -‐	   +	  
92	   E2571/10-‐1c	   11/10/2010 97	   -‐	   -‐	   -‐	   -‐	  
93	   E2379/10-‐11a	   22/09/2010 246	   +	   +	   -‐	   -‐	  
94	   E2379/10-‐11b	   22/09/2010 209	   -‐	   -‐	   -‐	   -‐	  
95	   E2379/10-‐11c	   22/09/2010 209	   -‐	   -‐	   -‐	   -‐	  
96	   2572/10-‐12	   11/10/2010 120	   nt	   nt	   nt	   nt	  
97	   2572/10-‐12	   11/10/2010 120	   +	   -‐	   -‐	   -‐	  
98	   E2277/10-‐1	   13/09/2010 120	   +	   -‐	   -‐	   -‐	  
99	   E2368/10-‐11	   21/09/2010 248	   -‐	   -‐	   -‐	   +	  
100	   E2368/10-‐12	   21/09/2010 120	   +	   -‐	   -‐	   -‐	  
101	   E2368/10-‐2	   21/09/2010 248	   -‐	   -‐	   +	   +	  
102	   E2368/10-‐4	   21/09/2010 120	   +	   -‐	   -‐	   -‐	  
103	   E2368/10-‐5	   21/09/2010 248	   -‐	   -‐	   +	   +	  
104	   E2368/10-‐6	   21/09/2010 252	   -‐	   -‐	   -‐	   +	  
105	   E2368/10-‐7	   21/09/2010 120	   +	   -‐	   -‐	   -‐	  
106	   E2423/10-‐11	   27/09/2010 248	   -‐	   -‐	   -‐	   +	  
107	   E2423/10-‐12	   27/09/2010 120	   +	   -‐	   -‐	   -‐	  
108	   E2423/10-‐2	   27/09/2010 248	   -‐	   -‐	   +	   +	  
109	   E2423/10-‐4	   27/09/2010 248	   +	   -‐	   +	   +	  
110	   E2423/10-‐5	   27/09/2010 248	   -‐	   -‐	   +	   +	  
111	   E2423/10-‐6	   27/09/2010 248	   -‐	   -‐	   +	   +	  
112	   E2423/10-‐7	   27/09/2010 120	   +	   -‐	   -‐	   -‐	  
113	   E2497/10-‐1	   04/10/2010 2	   +	   +	   -‐	   -‐	  
114	   E2497/10-‐11	   04/10/2010 120	   +	   -‐	   -‐	   -‐	  
115	   E2497/10-‐12	   04/10/2010 120	   +	   -‐	   -‐	   -‐	  
116	   E2497/10-‐3	   04/10/2010 120	   +	   -‐	   -‐	   -‐	  
117	   E2497/10-‐4	   04/10/2010 120	   +	   -‐	   -‐	   -‐	  
118	   E2497/10-‐5	   04/10/2010 248	   -‐	   -‐	   +	   +	  
119	   E2646/10-‐1	   22/10/2010 2	   +	   +	   -‐	   -‐	  
120	   E2646/10-‐2	   22/10/2010 248	   -‐	   -‐	   +	   +	  
121	   E2646/10-‐4	   22/10/2010 120	   +	   -‐	   -‐	   -‐	  
122	   E2703/10-‐11	   25/10/2010 248	   -‐	   -‐	   +	   +	  
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123	   E2761/10-‐4	   01/11/2010 120	   +	   -‐	   -‐	   -‐	  
124	   E2761/10-‐5	   01/11/2010 120	   +	   -‐	   -‐	   -‐	  
125	   E2463/10-‐1a	   30/09/2010 250	   +	   -‐	   -‐	   +	  
126	   E2463/10-‐1b	   30/09/2010 250	   +	   -‐	   -‐	   +	  
127	   E2463/10-‐1c	   30/09/2010 250	   +	   -‐	   -‐	   +	  
128	   E1532/10-‐1	   23/06/2010 248	   -‐	   nt	   -‐	   nt	  
129	   E2506/10-‐1a	   04/10/2010 246	   nt	   nt	   nt	   nt	  
130	   E2506/10-‐1b	   04/10/2010 246	   +	   +	   -‐	   -‐	  
131	   E2506/10-‐1c	   04/10/2010 246	   +	   +	   -‐	   -‐	  
132	   E2379/10-‐1	   22/09/2010 209	   -‐	   -‐	   -‐	   -‐	  
133	   E2379/10-‐10	   22/09/2010 209	   -‐	   -‐	   -‐	   -‐	  
134	   E2379/10-‐2	   22/09/2010 251	   -‐	   +	   -‐	   -‐	  
135	   E2379/10-‐3	   22/09/2010 209	   -‐	   -‐	   -‐	   -‐	  
136	   E2379/10-‐4	   22/09/2010 2	   +	   +	   -‐	   -‐	  
137	   E2379/10-‐5	   22/09/2010 209	   -‐	   -‐	   -‐	   -‐	  
138	   E2379/10-‐6	   22/09/2010 209	   -‐	   -‐	   -‐	   +	  
139	   E2379/10-‐7	   22/09/2010 209	   -‐	   -‐	   -‐	   -‐	  
140	   E2379/10-‐8	   22/09/2010 209	   -‐	   -‐	   -‐	   -‐	  

141	   E2379/10-‐9	   22/09/2010 
209	  or	  
72	   -‐	   -‐	   -‐	   -‐	  

142	   E1586/10-‐2	  
	  

NA	   +	   -‐	   -‐	   +	  
143	   E1586/10-‐3	  

	  
NA	   -‐	   -‐	   -‐	   -‐	  

144	   E1586/10-‐5	   29/06/2010 209	   -‐	   -‐	   -‐	   -‐	  
145	   E2491/10-‐1a	   01/10/2010 246	   +	   +	   -‐	   -‐	  
146	   E2491/10-‐1b	   01/10/2010 246	   +	   +	   -‐	   -‐	  
147	   E2491/10-‐1c	   01/10/2010 246	   +	   +	   -‐	   -‐	  
148	   E1354/10-‐1	   02/06/2010 2	   +	   +	   -‐	   -‐	  
149	   E1354/10-‐2	   02/06/2010 209	   -‐	   -‐	   -‐	   -‐	  
150	   E1354/10-‐3	   02/06/2010 2	   +	   +	   -‐	   nt	  
151	   E1354/10-‐4	   02/06/2010 2	   +	   +	   -‐	   -‐	  
152	   E1354/10-‐5	  

	  
NA	   nt	   nt	   nt	   nt	  

153	   E1354/10-‐6	  
	  

NA	   nt	   nt	   nt	   nt	  
154	   E2223/10-‐1a	   07/09/2010 209	   -‐	   -‐	   -‐	   -‐	  
155	   E2223/10-‐1b	   07/09/2010 209	   -‐	   -‐	   -‐	   -‐	  
156	   E2223/10-‐1c	   07/09/2010 209	   -‐	   -‐	   -‐	   -‐	  
157	   E2524/10-‐1a	   06/10/2010 248	   -‐	   -‐	   +	   +	  
158	   E2524/10-‐1b	   06/10/2010 248	   -‐	   -‐	   +	   +	  
159	   E2525/10-‐1a	   06/10/2010 248	   -‐	   -‐	   +	   +	  
160	   E2525/10-‐1b	   06/10/2010 248	   -‐	   -‐	   +	   +	  
161	   E2496/10-‐1a	   04/10/2010 246	   +	   +	   -‐	   nt	  
162	   E2496/10-‐1b	   04/10/2010 246	   +	   +	   -‐	   nt	  
163	   E2496/10-‐1c	   04/10/2010 246	   nt	   nt	   nt	   nt	  
164	   E1133/10-‐2	   10/05/2010 209	   nt	   nt	   nt	   nt	  
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Table 15: The full results of primer testing using an AHT panel 

ST	   yqiL	   szeP	   tdk	   spi	   ST	   yqiL	   szeP	   tdk	   spi	  
1	   -‐	  

	  
-‐	   -‐	   103	   +	  

	  
-‐	   -‐	  

3	   +	   +	   -‐	   -‐	   104	   -‐	  
	  

-‐	   -‐	  
4	   -‐	  

	  
-‐	   -‐	   106	   +	  

	  
-‐	   -‐	  

5	   -‐	   +	   -‐	   -‐	   107	   +	  
	  

-‐	   -‐	  
6	   -‐	  

	  
-‐	   +	   108	   -‐	  

	  
-‐	   -‐	  

7	   +	   +	   -‐	   -‐	   109	   +	  
	  

-‐	   -‐	  
8	   +	   +	   -‐	   -‐	   110	   -‐	  

	  
-‐	   +	  

10	   -‐	  
	  

-‐	   +	   111	   +	  
	  

-‐	   -‐	  
11	   -‐	  

	  
-‐	   -‐	   112	   +	  

	  
-‐	   +	  

12	   -‐	  
	  

-‐	   -‐	   113	   +	   +	   +	   -‐	  
14	   -‐	  

	  
-‐	   -‐	   116	   +	   +	   -‐	   -‐	  

15	   +	  
	  

-‐	   -‐	   117	   +	  
	  

-‐	   -‐	  
16	   +	  

	  
-‐	   -‐	   118	   -‐	  

	  
-‐	   -‐	  

19	   -‐	  
	  

-‐	   -‐	   119	   -‐	  
	  

-‐	   +	  
22	   -‐	  

	  
-‐	   +	   120	   -‐	  

	  
-‐	   +	  

26	   -‐	  
	  

-‐	   -‐	   121	   -‐	  
	  

-‐	   +	  
39	   +	  

	  
-‐	   -‐	   126	   -‐	   +	   -‐	   -‐	  

43	   +	  
	  

-‐	   -‐	   127	   +	   +	   -‐	   -‐	  
45	   -‐	  

	  
-‐	   +	   128	   +	  

	  
-‐	   +	  

46	   +	   +	   +	   -‐	   130	   -‐	  
	  

-‐	   -‐	  
47	   -‐	  

	  
-‐	   +	   131	   -‐	  

	  
-‐	   -‐	  

48	   +	   +	   -‐	   -‐	   132	   -‐	  
	  

-‐	   -‐	  
49	   -‐	   -‐	   -‐	   -‐	   133	   -‐	  

	  
+	   +	  

53	   -‐	   +	   -‐	   -‐	   134	   -‐	  
	  

-‐	   -‐	  
55	   +	  

	  
-‐	   -‐	   135	   -‐	  

	  
-‐	   -‐	  

56	   -‐	  
	  

-‐	   -‐	   136	   +	  
	  

-‐	   -‐	  
57	   -‐	   +	   -‐	   -‐	   137	   -‐	  

	  
-‐	   +	  

61	   +	  
	  

-‐	   -‐	   138	   +	  
	  

-‐	   +	  
63	   -‐	  

	  
-‐	   -‐	   139	   -‐	  

	  
-‐	   -‐	  

70	   -‐	   +	   -‐	   -‐	   140	   +	  
	  

-‐	   -‐	  
71	   -‐	  

	  
-‐	   -‐	   142	   -‐	  

	  
-‐	   -‐	  

82	   -‐	  
	  

-‐	   -‐	   143	   -‐	  
	  

-‐	   -‐	  
93	   -‐	  

	  
-‐	   +	   144	   +	   +	   -‐	   -‐	  

94	   -‐	  
	  

-‐	   +	   146	   -‐	  
	  

-‐	   -‐	  
97	   -‐	  

	  
-‐	   +	   147	   +	  

	  
-‐	   -‐	  

98	   -‐	   +	   -‐	   -‐	   148	   +	  
	  

-‐	   +	  
100	   +	   +	   -‐	   -‐	   149	   -‐	  

	  
-‐	   +	  

101	   -‐	  
	  

-‐	   -‐	   179	   +	   -‐	   -‐	   -‐	  
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7.3 Screening of samples from 2013  
 

Insert table with full results of screening of samples from 2013 is available in Table 16. 

Table 16: Full results of screening of samples from 2013. Yellow represents positive results. NA = Not 
available, nt = not tested. 

Isolate	  
ID	   Horse	  ID	  

Date	  of	  
sampling	  

Farm/stable	  
area	   yqiL	   szeP	   spi	   tdk	  

1	   Sokki	  A**	   08.01.2013	   Keldur	   +	   +	   -‐	   -‐	  
2	   Sokki	  B**	   08.01.2013	   Keldur	   +	   +	   -‐	   -‐	  
3	   Sokki	  C**	   08.01.2013	   Keldur	   +	   +	   -‐	   -‐	  
4	   Sokki	  D**	   08.01.2013	   Keldur	   +	   +	   -‐	   -‐	  
5	   Rúbín	  A	   08.01.2013	   Keldur	   -‐	   -‐	   -‐	   -‐	  
6	   Rúbín	  B	   08.01.2013	   Keldur	   -‐	   -‐	   -‐	   +	  
7	   Rúbín	  C	   08.01.2013	   Keldur	   -‐	   -‐	   -‐	   +	  
8	   Rúbín	  D	   08.01.2013	   Keldur	   -‐	   -‐	   -‐	   +	  
9	   Rúbín	  E	   08.01.2013	   Keldur	   -‐	   -‐	   -‐	   +	  
10	   Pesi	  A	   08.01.2013	   Keldur	   -‐	   -‐	   -‐	   -‐	  
11	   Pesi	  B	   08.01.2013	   Keldur	   -‐	   -‐	   -‐	   -‐	  
12	   Pesi	  C	   08.01.2013	   Keldur	   -‐	   -‐	   -‐	   -‐	  
13	   Pesi	  D	   08.01.2013	   Keldur	   -‐	   -‐	   -‐	   -‐	  
14	   Pesi	  E	   08.01.2013	   Keldur	   -‐	   -‐	   -‐	   -‐	  
15	   Hrollur	  A	   08.01.2013	   Keldur	   -‐	   -‐	   -‐	   -‐	  
16	   Hrollur	  B	   08.01.2013	   Keldur	   -‐	   -‐	   -‐	   -‐	  
17	   Hrollur	  C	   08.01.2013	   Keldur	   +	   -‐	   -‐	   -‐	  
18	   Hrollur	  D	   08.01.2013	   Keldur	   +	   -‐	   -‐	   -‐	  
19	   Darri	  A	   15.01.2013	   Víðidalur	   +	   -‐	   -‐	   -‐	  
20	   Darri	  B	   15.01.2013	   Víðidalur	   -‐	   -‐	   -‐	   -‐	  
21	   Darri	  C	   15.01.2013	   Víðidalur	   -‐	   -‐	   -‐	   -‐	  
22	   Darri	  D	   15.01.2013	   Víðidalur	   -‐	   -‐	   -‐	   -‐	  
23	   Darri	  E	   15.01.2013	   Víðidalur	   -‐	   -‐	   -‐	   -‐	  
24	   Darri	  F	   15.01.2013	   Víðidalur	   +	   -‐	   -‐	   -‐	  
25	   Jarpskjótt	  foal	  A	   15.01.2013	   Þorlákshöfn	   -‐	   -‐	   -‐	   -‐	  
26	   Jarpskjótt	  foal	  B	   15.01.2013	   Þorlákshöfn	   -‐	   -‐	   -‐	   -‐	  
27	   Jarpskjótt	  foal	  C	   15.01.2013	   Þorlákshöfn	   -‐	   -‐	   -‐	   -‐	  
28	   4091	  foal	  A	   15.01.2013	   Þorlákshöfn	   -‐	   -‐	   -‐	   -‐	  
29	   4092	  foal	  B	   15.01.2013	   Þorlákshöfn	   -‐	   -‐	   -‐	   -‐	  
30	   4093	  foal	  C	   15.01.2013	   Þorlákshöfn	   -‐	   -‐	   +	   -‐	  
31	   4094	  foal	  D	   15.01.2013	   Þorlákshöfn	   -‐	   -‐	   -‐	   -‐	  
32	   4095	  foal	  E	   15.01.2013	   Þorlákshöfn	   -‐	   -‐	   +	   -‐	  
33	   Brown	  foal	  A	   15.01.2013	   Þorlákshöfn	   -‐	   -‐	   +	   -‐	  
34	   Brown	  foal	  B	   15.01.2013	   Þorlákshöfn	   -‐	   -‐	   -‐	   -‐	  
35	   Brown	  foal	  C	   15.01.2013	   Þorlákshöfn	   -‐	   -‐	   -‐	   -‐	  
36	   Brown	  foal	  D	   15.01.2013	   Þorlákshöfn	   -‐	   -‐	   -‐	   -‐	  
37	   Brown	  foal	  E	   15.01.2013	   Þorlákshöfn	   -‐	   -‐	   -‐	   -‐	  
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38	   Vaka	  A	   12.01.2013	  
Kálfsstaðir,	  
Skagafjörður	   -‐	   -‐	   -‐	   -‐	  

39	   Vaka	  B	   12.01.2013	  
Kálfsstaðir,	  
Skagafjörður	   -‐	   -‐	   -‐	   -‐	  

40	   Vaka	  C	   12.01.2013	  
Kálfsstaðir,	  
Skagafjörður	   -‐	   -‐	   -‐	   -‐	  

41	   Vaka	  D	   12.01.2013	  
Kálfsstaðir,	  
Skagafjörður	   -‐	   -‐	   -‐	   -‐	  

42	   Vaka	  E	   12.01.2013	  
Kálfsstaðir,	  
Skagafjörður	   -‐	   -‐	   -‐	   -‐	  

43	   Vaka	  F	   12.01.2013	  
Kálfsstaðir,	  
Skagafjörður	   -‐	   -‐	   -‐	   -‐	  

44	   Múkki	  A	   15.01.2013	   Víðidalur	   -‐	   -‐	   -‐	   -‐	  
45	   Múkki	  B	   15.01.2013	   Víðidalur	   -‐	   -‐	   -‐	   -‐	  
46	   Múkki	  C	   15.01.2013	   Víðidalur	   -‐	   -‐	   -‐	   -‐	  
47	   Múkki	  D	   15.01.2013	   Víðidalur	   -‐	   -‐	   -‐	   -‐	  
48	   Múkki	  E	   15.01.2013	   Víðidalur	   -‐	   -‐	   -‐	   -‐	  
49	   Skotti	  A	   15.01.2013	   Víðidalur	   -‐	   -‐	   +	   -‐	  
50	   Skotti	  B	   15.01.2013	   Víðidalur	   -‐	   -‐	   +	   -‐	  
51	   Skotti	  C	   15.01.2013	   Víðidalur	   -‐	   -‐	   +	   -‐	  
52	   Skotti	  D	   15.01.2013	   Víðidalur	   -‐	   -‐	   +	   -‐	  
53	   Ósk	  A	   15.01.2013	   Víðidalur	   -‐	   -‐	   +	   -‐	  
54	   Ósk	  B	   15.01.2013	   Víðidalur	   -‐	   -‐	   +	   -‐	  
55	   Ósk	  C	   15.01.2013	   Víðidalur	   -‐	   -‐	   +	   -‐	  
56	   Ósk	  D	   15.01.2013	   Víðidalur	   -‐	   -‐	   +	   +	  
57	   Funi	  A	   15.01.2013	   Víðidalur	   -‐	   -‐	   +	   +	  
58	   Funi	  B	   15.01.2013	   Víðidalur	   -‐	   -‐	   +	   +	  
59	   Funi	  C	   15.01.2013	   Víðidalur	   -‐	   -‐	   +	   +	  
60	   Funi	  D	   15.01.2013	   Víðidalur	   -‐	   -‐	   +	   +	  
61	   Funi	  E	   15.01.2013	   Víðidalur	   -‐	   -‐	   +	   +	  

62	   Svarta	  A	   20.01.2013	  
Þúfa,	  

Hvolfsvöllur	   -‐	   -‐	   -‐	   -‐	  

63	   Svarta	  B	   20.01.2013	  
Þúfa,	  

Hvolfsvöllur	   -‐	   -‐	   -‐	   -‐	  

64	   Svarta	  C	   20.01.2013	  
Þúfa,	  

Hvolfsvöllur	   -‐	   -‐	   -‐	   -‐	  

65	   Svarta	  D	   20.01.2013	  
Þúfa,	  

Hvolfsvöllur	   nt	   nt	   nt	   nt	  

66	   Strumpur	  A	   20.01.2013	  
Þúfa,	  

Hvolfsvöllur	   -‐	   -‐	   -‐	   -‐	  

67	   Strumpur	  B	   20.01.2013	  
Þúfa,	  

Hvolfsvöllur	   -‐	   -‐	   -‐	   -‐	  

68	   Strumpur	  C	   20.01.2013	  
Þúfa,	  

Hvolfsvöllur	   -‐	   -‐	   -‐	   -‐	  

69	   Strumpur	  D	   20.01.2013	  
Þúfa,	  

Hvolfsvöllur	   -‐	   -‐	   -‐	   -‐	  
70	   Strumpur	  E	   20.01.2013	   Þúfa,	   -‐	   -‐	   -‐	   -‐	  
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Hvolfsvöllur	  

71	   Strumpur	  F	   20.01.2013	  
Þúfa,	  

Hvolfsvöllur	   -‐	   -‐	   -‐	   -‐	  

72	   Strumpur	  G	   20.01.2013	  
Þúfa,	  

Hvolfsvöllur	   -‐	   -‐	   -‐	   -‐	  

73	   Kolbrún	  273-‐1	  A	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   +	  

74	   Kolbrún	  273-‐1	  B	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   +	  

75	   Kolbrún	  273-‐1	  C	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   +	  

76	   Kolbrún	  273-‐1	  D	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   +	  

77	   Kolbrún	  273-‐1	  E	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   +	  

78	   Býlur	  273-‐2	  A	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   -‐	  

79	   Býlur	  273-‐2	  B	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   -‐	  

80	   Býlur	  273-‐2	  C	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   -‐	  

81	   Býlur	  273-‐2	  D	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   -‐	  

82	   Býlur	  273-‐2	  E	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   -‐	  

83	   Býlur	  273-‐2	  F	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   +	   +	  

84	   Hrókur	  273-‐3	  A	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   -‐	  

85	   Hrókur	  273-‐3	  B	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   -‐	  

86	   Hrókur	  273-‐3	  C	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   -‐	  

87	   Hrókur	  273-‐3	  D	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   -‐	  

88	   Hrókur	  273-‐3	  E	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   -‐	  

89	   Mósart	  273-‐4	  A	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   +	  

90	   Mósart	  273-‐4	  B	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   +	  

91	   Mósart	  273-‐4	  C	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   +	  

92	   Mósart	  273-‐4	  D	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   +	  

93	   Mósart	  273-‐4	  E	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   +	  
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94	   Fiðla	  273-‐5	  A	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   -‐	  

95	   Fiðla	  273-‐5	  B	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   -‐	  

96	   Fiðla	  273-‐5	  C	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   -‐	  

97	   Fiðla	  273-‐5	  D	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   -‐	  

98	   Fiðla	  273-‐5	  E	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   -‐	  

99	   Sindri	  276	  A	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   -‐	  

100	   Sindri	  276	  B	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   -‐	  

101	   Sindri	  276	  C	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   -‐	  

102	   Sindri	  276	  D	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   -‐	  

103	   Sindri	  276	  E	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   -‐	  

104	   Kolbrún	  275-‐1	  A	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   +	   -‐	  

105	   Kolbrún	  275-‐1	  B	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   +	   -‐	  

106	   Kolbrún	  275-‐1	  C	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   +	   -‐	  

107	   Kolbrún	  275-‐1	  D	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   +	   -‐	  

108	   Kolbrún	  275-‐1	  E	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   +	   -‐	  

109	   Kolbrún	  275-‐1	  F	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   +	   -‐	  

110	   Sindri	  275-‐6	  A	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   -‐	  

111	   Sindri	  275-‐6	  B	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   -‐	  

112	   Sindri	  275-‐6	  C	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   -‐	  

113	   Sindri	  275-‐6	  D	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   -‐	  

114	   Sindri	  275-‐6	  E	   25.01.2013	  
Grundarfjörð

ur	   -‐	   -‐	   -‐	   -‐	  

115	   Ósk	  A	   03.02.2013	  
Eyjarhólar,	  

Vík	   -‐	   -‐	   -‐	   -‐	  

116	   Ósk	  B	   03.02.2013	  
Eyjarhólar,	  

Vík	   -‐	   -‐	   -‐	   -‐	  
117	   Ósk	  C	   03.02.2013	   Eyjarhólar,	   -‐	   -‐	   -‐	   -‐	  
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Vík	  

118	   Ósk	  D	   03.02.2013	  
Eyjarhólar,	  

Vík	   -‐	   -‐	   -‐	   -‐	  

119	   Ósk	  E	   03.02.2013	  
Eyjarhólar,	  

Vík	   -‐	   -‐	   -‐	   -‐	  

120	   Ronja	  A	   03.02.2013	  
Eyjarhólar,	  

Vík	   -‐	   -‐	   +	   -‐	  

121	   Ronja	  B	   03.02.2013	  
Eyjarhólar,	  

Vík	   -‐	   -‐	   +	   -‐	  

122	   Ronja	  C	   03.02.2013	  
Eyjarhólar,	  

Vík	   -‐	   -‐	   +	   -‐	  

123	   Ronja	  D	   03.02.2013	  
Eyjarhólar,	  

Vík	   -‐	   -‐	   +	   -‐	  

124	   Ronja	  E	   03.02.2013	  
Eyjarhólar,	  

Vík	   -‐	   -‐	   +	   -‐	  

125	   Ronja	  F	   03.02.2013	  
Eyjarhólar,	  

Vík	   -‐	   -‐	   +	   -‐	  

126	   Kórall	  A	   03.02.2013	  
Eyjarhólar,	  

Vík	   -‐	   -‐	   -‐	   -‐	  

127	   Kórall	  B	   03.02.2013	  
Eyjarhólar,	  

Vík	   -‐	   -‐	   -‐	   -‐	  

128	   Kórall	  C	   03.02.2013	  
Eyjarhólar,	  

Vík	   -‐	   -‐	   -‐	   -‐	  

129	   Kórall	  D	   03.02.2013	  
Eyjarhólar,	  

Vík	   -‐	   -‐	   -‐	   -‐	  

130	   Kórall	  E	   03.02.2013	  
Eyjarhólar,	  

Vík	   -‐	   -‐	   -‐	   -‐	  

131	   Kórall	  F	   03.02.2013	  
Eyjarhólar,	  

Vík	   -‐	   -‐	   -‐	   -‐	  

132	   Kafteinn	  A	   23.11.2012	  
Kálfsstaðir,	  
Skagafjörður	   -‐	   +	   -‐	   -‐	  

133	   Kafteinn	  B	   23.11.2012	  
Kálfsstaðir,	  
Skagafjörður	   -‐	   +	   -‐	   -‐	  

134	   Kafteinn	  C	   23.11.2012	  
Kálfsstaðir,	  
Skagafjörður	   -‐	   +	   -‐	   -‐	  

135	   Kafteinn	  D	   23.11.2012	  
Kálfsstaðir,	  
Skagafjörður	   -‐	   +	   -‐	   -‐	  

136	   Kafteinn	  E	   23.11.2012	  
Kálfsstaðir,	  
Skagafjörður	   -‐	   +	   -‐	   -‐	  

137	   Sokki	  A	   03.12.2012	   Keldur	   +	   +	   -‐	   -‐	  
138	   Sokki	  B	   03.12.2012	   Keldur	   +	   +	   -‐	   -‐	  
139	   Sokki	  C	   03.12.2012	   Keldur	   +	   +	   -‐	   -‐	  
140	   Sokki	  D	   03.12.2012	   Keldur	   +	   +	   -‐	   -‐	  
141	   Sokki	  E	   03.12.2012	   Keldur	   +	   +	   -‐	   -‐	  
142	   Svarri	  A	   03.12.2012	   Keldur	   +	   +	   -‐	   -‐	  
143	   Svarri	  B	   03.12.2012	   Keldur	   +	   +	   -‐	   -‐	  
144	   Svarri	  C	   03.12.2012	   Keldur	   +	   +	   -‐	   -‐	  



 

65 
 

145	   Svarri	  D	   03.12.2012	   Keldur	   +	   +	   -‐	   -‐	  
146	   Svarri	  E	   03.12.2012	   Keldur	   +	   +	   -‐	   -‐	  

147	   Trú	  A	   05.02.2013	  
Hrísdalur,	  
Borgarnes	   -‐	   -‐	   +	   -‐	  

148	   Trú	  B	   05.02.2013	  
Hrísdalur,	  
Borgarnes	   -‐	   -‐	   +	   -‐	  

149	   Trú	  C	   05.02.2013	  
Hrísdalur,	  
Borgarnes	   -‐	   -‐	   +	   -‐	  

150	   Trú	  D	   05.02.2013	  
Hrísdalur,	  
Borgarnes	   -‐	   -‐	   +	   -‐	  

151	   Trú	  E	   05.02.2013	  
Hrísdalur,	  
Borgarnes	   +	   +	   +	   -‐	  

152	   Stefnir	  A	   05.02.2013	  
Hrísdalur,	  
Borgarnes	   +	   +	   -‐	   -‐	  

153	   Stefnir	  B	   05.02.2013	  
Hrísdalur,	  
Borgarnes	   +	   +	   -‐	   -‐	  

154	   Stefnir	  C	   05.02.2013	  
Hrísdalur,	  
Borgarnes	   +	   +	   -‐	   -‐	  

155	   Stefnir	  D	   05.02.2013	  
Hrísdalur,	  
Borgarnes	   +	   +	   -‐	   -‐	  

156	   Stefnir	  E	   05.02.2013	  
Hrísdalur,	  
Borgarnes	   -‐	   -‐	   -‐	   -‐	  

157	   Strokkur	  A	   05.02.2013	  
Hrísdalur,	  
Borgarnes	   -‐	   -‐	   +	   -‐	  

158	   Strokkur	  B	   05.02.2013	  
Hrísdalur,	  
Borgarnes	   -‐	   -‐	   +	   -‐	  

159	   Strokkur	  C	   05.02.2013	  
Hrísdalur,	  
Borgarnes	   -‐	   -‐	   +	   -‐	  

160	   Strokkur	  D	   05.02.2013	  
Hrísdalur,	  
Borgarnes	   -‐	   -‐	   +	   -‐	  

161	   Strokkur	  E	   05.02.2013	  
Hrísdalur,	  
Borgarnes	   -‐	   -‐	   +	   -‐	  

162	   Stæll	  A	   05.02.2013	  
Hrísdalur,	  
Borgarnes	   -‐	   -‐	   +	   -‐	  

163	   Stæll	  B	   05.02.2013	  
Hrísdalur,	  
Borgarnes	   -‐	   -‐	   +	   -‐	  

164	   Stæll	  C	   05.02.2013	  
Hrísdalur,	  
Borgarnes	   -‐	   -‐	   +	   -‐	  

165	   Stæll	  D	   05.02.2013	  
Hrísdalur,	  
Borgarnes	   -‐	   -‐	   +	   -‐	  

166	   Stæll	  E	   05.02.2013	  
Hrísdalur,	  
Borgarnes	   -‐	   -‐	   -‐	   -‐	  

167	   Stæll	  F	   05.02.2013	  
Hrísdalur,	  
Borgarnes	   -‐	   -‐	   +	   -‐	  

168	   Vals	  A	   05.02.2013	  
Hrísdalur,	  
Borgarnes	   -‐	   -‐	   +	   -‐	  

169	   Vals	  B	   05.02.2013	   Hrísdalur,	   -‐	   -‐	   +	   -‐	  
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Borgarnes	  

170	   Vals	  C	   05.02.2013	  
Hrísdalur,	  
Borgarnes	   -‐	   -‐	   +	   -‐	  

171	   Vals	  D	   05.02.2013	  
Hrísdalur,	  
Borgarnes	   -‐	   -‐	   +	   -‐	  

172	   Vals	  E	   05.02.2013	  
Hrísdalur,	  
Borgarnes	   -‐	   -‐	   +	   -‐	  

173	   NA	   NA	   NA	   -‐	   -‐	   -‐	   -‐	  

174	   Strokkur	  F	   NA	  
Hrísdalur,	  
Borgarnes	   -‐	   -‐	   +	   -‐	  

175	   Strokkur	  G	   NA	  
Hrísdalur,	  
Borgarnes	   -‐	   -‐	   nt	   -‐	  

 

 

7.4 Genome annotation and analysis 
 

The following software was used for genome annotation and analysis 

Mauve, available at http://gel.ahabs.wisc.edu/mauve/download.php 

Artemis, available at https://www.sanger.ac.uk/resources/software/artemis/#download 

ATC, available at http://www.sanger.ac.uk/resources/software/act/#downloads 

Double ACT, available at http://www.hpa-bioinfotools.org.uk/pise/double_act.html 

RAST, available at http://RAST.nmpdr.org. 

MLST 1.7, available at http://cge.cbs.dtu.dk/services/MLST/ 
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7.5 Indirect ELISA 
 

The details of all serum samples from the 1998-2000 epidemic can be seen in Table 17 
bellow.  

Table 17: Serum samples from 1998-2000 epidemic. VF = Vestfirðir, HE - Bdv = Hlíðarendi Breiðdalsvík, Fn, 
Sf, Ör = Freysnes, Svínafell, Öræfi, Vl, Sk = Vatnsleysa, Skagafirði, Bbst. Döl = Breiðabólstaður Dölum, Fb, 

Rvk = Fjárborg, Reykjavík.  

Tracking 
no. Sample no. Name: Date Place: Sampling reason: Clinical status: 

E-243/98 2 V.Skjóni 30-Apr-98 NA infectious pyrexia acut? 
E-244/98 3 Minn 30-Apr-98 NA infectious pyrexia acut? 
E-245/98 4 Kvistur 30-Apr-98 NA infectious pyrexia acut? 
E-246/98 5 Fífill 30-Apr-98 NA infectious pyrexia acut? 
E-247/98 6 Spaði 30-Apr-98 NA infectious pyrexia acut? 
E-249/98 7 Gosi 30-Apr-98 NA infectious pyrexia acut? 
E-250/98 8 Faxi 30-Apr-98 NA infectious pyrexia acut? 
E-252/98 9 Þorri 02-May-98 NA infectious pyrexia acut? 
E-255/98 10 Prins 02-May-98 NA infectious pyrexia acut? 
E-259/98 11 Embla 02-May-98 NA infectious pyrexia acut? 
E-302/98 12 Gustur 08-May-98 NA infectious pyrexia acut? 
E-302/98 13 Hrafn 08-May-98 NA infectious pyrexia acut? 
E-302/98 14 Neptúnus 08-May-98 NA infectious pyrexia acut? 
E-324/98 15 Þorri 18-May-98 NA infectious pyrexia reconvenes 
E-325/98 16 Prins 18-May-98 NA infectious pyrexia reconvenes 
E-326/98 17 Hæringur 18-May-98 NA infectious pyrexia reconvenes 
E-327/98 18 Fífill 18-May-98 NA infectious pyrexia reconvenes 
E-330/98 19 Minn 18-May-98 NA infectious pyrexia reconvenes 
E-332/98 20 Gosi 18-May-98 NA infectious pyrexia reconvenes 
E-333/98 21 Mosi 18-May-98 NA infectious pyrexia reconvenes 
E-336/98 22 Embla 18-May-98 NA infectious pyrexia reconvenes 
E-337/98 23 V.Skjóni 18-May-98 NA infectious pyrexia reconvenes 
E-340/98 24 Faxi 18-May-98 NA infectious pyrexia reconvenes 
E-342/98 25 Spaði 18-May-98 NA infectious pyrexia reconvenes 

HÖ 26 IS1993245 rauðskjótt frá Hanhóli 30-Oct-98 VF infectious pyrexia acut 
BR 27 IS1971176.. Gustur frá Hlíðarenda 02-Nov-98 HE - Bdv infectious pyrexia acut 

BR 28 
IS1993176655 Léttfeti frá 

Hlíðarenda 02-Nov-98 HE - Bdv infectious pyrexia acut 
BR 29 IS1983276... Von frá Hlíðarenda 02-Nov-98 HE - Bdv infectious pyrexia acut 
BR 30 IS1996176655 Adam frá Hlíðarenda 02-Nov-98 HE - Bdv infectious pyrexia acut 
KJ 32 Draumur 11-Feb-99 Fn, Sf, Ör infectious pyrexia acut 
KJ 33 Spói 11-Feb-99 Fn, Sf, Ör infectious pyrexia acut 
KJ 34 Þokki 11-Feb-99 Fn, Sf, Ör infectious pyrexia acut 
KJ 35 Þytur 11-Feb-99 Fn, Sf, Ör infectious pyrexia acut 
KJ 36 Dreyri 11-Feb-99 Fn, Sf, Ör infectious pyrexia acut 
KJ 37 Sproti 11-Feb-99 Fn, Sf, Ör infectious pyrexia acut 
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KJ 38 Andvari 11-Feb-99 Fn, Sf, Ör infectious pyrexia acut 
KJ 39 Klár 11-Feb-99 Fn, Sf, Ör infectious pyrexia acut 
VA 52 NA 23-Oct-99 Vl, Sk gammaEHV serology healthy control - foals 
VA 53 NA 23-Oct-99 Vl, Sk gammaEHV serology healthy control - foals 
VA 54 NA 23-Oct-99 Vl, Sk gammaEHV serology healthy control - foals 
VA 55 NA 23-Oct-99 Vl, Sk gammaEHV serology healthy control - foals 
VA 56 NA 23-Oct-99 Vl, Sk gammaEHV serology healthy control - foals 
VA 57 NA 23-Oct-99 Vl, Sk gammaEHV serology healthy control - foals 
VA 58 NA 23-Oct-99 Vl, Sk gammaEHV serology healthy control - foals 
VA 59 NA 23-Oct-99 Vl, Sk gammaEHV serology healthy control - foals 
BB 60 NA 09-Dec-98 Bbst. Döl listeriosis acut 
BB 61 NA 09-Dec-98 Bbst. Döl listeriosis acut 
BB 62 NA 09-Dec-98 Bbst. Döl listeriosis acut 
BB 63 NA 09-Dec-98 Bbst. Döl listeriosis acut 
BB 64 NA 09-Dec-98 Bbst. Döl listeriosis acut 
BB 65 NA 09-Dec-98 Bbst. Döl listeriosis acut 
BB 66 NA 09-Dec-98 Bbst. Döl listeriosis acut 
BB 67 NA 09-Dec-98 Bbst. Döl listeriosis acut 
BB 68 NA 09-Dec-98 Bbst. Döl listeriosis acut 
BB 69 NA 09-Dec-98 Bbst. Döl listeriosis acut 
BB 70 NA 09-Dec-98 Bbst. Döl listeriosis acut 
BB 71 NA 09-Dec-98 Bbst. Döl listeriosis acut 
LP 81 Dröfn 15-Jan-00 Fb, Rvk salmonellosis acut 
LP 83 Glófaxi 26-Jan-00 Fb, Rvk salmonellosis reconvenes 
LP 84 Faxi 26-Jan-00 Fb, Rvk salmonellosis reconvenes 
LP 85 Glói 26-Jan-00 Fb, Rvk salmonellosis reconvenes 
LP 86 Sörli 26-Jan-00 Fb, Rvk salmonellosis reconvenes 
LP 87 Dröfn 26-Jan-00 Fb, Rvk salmonellosis reconvenes 
LP 88 Þokki 26-Jan-00 Fb, Rvk salmonellosis reconvenes 
LP 89 Besla 26-Jan-00 Fb, Rvk salmonellosis reconvenes 
LP 90 Beygla 26-Jan-00 Fb, Rvk salmonellosis reconvenes 
LP 91 Víkingur 26-Jan-00 Fb, Rvk salmonellosis reconvenes 
LP 92 Vængur 26-Jan-00 Fb, Rvk salmonellosis reconvenes 
LP 93 Króna 26-Jan-00 Fb, Rvk salmonellosis reconvenes 
LP 94 NA 26-Jan-00 Fb, Rvk salmonellosis reconvenes 
LP 95 NA 26-Jan-00 Fb, Rvk salmonellosis reconvenes 
LP 96 NA 26-Jan-00 Fb, Rvk salmonellosis reconvenes 
LP 97 NA 26-Jan-00 Fb, Rvk salmonellosis reconvenes 
LP 98 NA 26-Jan-00 Fb, Rvk salmonellosis reconvenes 

 


