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Strangles, caused by Streptococcus subspecies equi (S. equi), 
was first described in 1251 by Jordanus Rufus (Ruffo, 
1256). However, the disease remains endemic in horse 
populations throughout the world, with the notable ex-

ception of Iceland, where a ban on the import of horses has been 
in place for over 1000 years (Björnsdóttir et al, 2017; Mitchell et 
al, 2021). This article describes the mechanisms that underpin the 
transmission of S. equi and the tools available for preventing and 
resolving this important disease.

Pathogenesis of strangles
Horses become infected with S. equi via the nose or mouth, most 
likely through ingestion of contaminated food or water (Figure 1) 
(Boyle et al, 2018). The bacteria attaches to and invades the mu-
cosal surface of the nasopharynx, using an array of ‘sticky’ proteins 
on its surface, including the collagen-binding protein, CNE, which 
is believed to stick out from the surface of S. equi on hair-like pro-
jections (Lannergård et al, 2003; Holden et al, 2009; Steward et al, 
2017). However, S. equi does not colonise the nasopharynx and 
samples taken from recently infected horses and those incubating 
the disease often return a negative culture or  polymerase chain 
reaction (PCR) result, confounding their diagnosis (Boyle et al, 
2018; Rendle et al, 2021). Instead, S. equi translocates to the sub-
mandibular and retropharyngeal lymph nodes within only a few 
hours of infection (Timoney and Kumar, 2008). 

Once within the lymph nodes, S. equi produces an arsenal of 
virulence factors that misdirect the equine immune response, 

initiating the development of abscesses. As an example, S. equi 
produces an anti-phagocytic hyaluronic acid capsule, which cam-
ouflages it from the equine immune response (Woolcock, 1974; 
Anzai et al, 1999; Harris et al, 2015). An IgG endopeptidase called 
IdeE is secreted by S. equi into the surrounding tissues where it 
cleaves antibodies, reducing the immune response’s effectiveness 
(Lannergard and Guss, 2006). Many other factors including the 
surface-attached SeM and EAG proteins, are also deployed to 
block the activity of the immune response (Galán and Timoney, 
1987; Boschwitz and Timoney, 1994; Jonsson et al, 1995; Lind-
mark et al, 1999; Meehan et al, 2001, 2009). Therefore, it is not 
surprising that morbidity can reach 100% in some outbreaks, 
highlighting the importance of biosecurity measures to minimise 
horses’ exposure to S. equi (Waller, 2014; Boyle et al, 2018; Rendle 
et al, 2021).

Infected horses develop fever over a period of 3–14 days, which 
can exceed 42oC in some cases. Importantly, signs of fever usu-
ally precede the shedding of S. equi, and so isolation of affected 
horses and good biosecurity at this stage can minimise both the 
number of horses affected and disease severity in an outbreak 
(Waller, 2014; Boyle et al, 2018; Rendle et al, 2021). Abscesses 
in the lymph nodes grow over a period of 7–21 days, potentially 
obstructing the airway, hence the name ‘strangles’ (Figure 2). The 
rupture of abscesses releases copious volumes of highly infectious 
pus that drains into the local environment, either via the horse’s 
nose or through the skin. Further complications may arise if S. 
equi disseminates beyond the lymph nodes of the head and neck, 
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a condition known as ‘bastard strangles’, or if the infection causes 
immune-mediated conditions such as purpura haemorrhagica 
(Boyle et al, 2018).

Diagnosis of Streptococcus equi infection
The diagnosis of horses with acute disease can be confirmed by 
testing aspirates of lymph node abscesses or nasopharyngeal swab 
samples. The culture assay involves inoculating clinical samples 
onto blood agar and incubating overnight at 37oC. β-haemolytic 
colonies are picked and grown in nutrient broth overnight to  
enable differentiation of S. equi from other streptococci by sugar 
fermentation assays (Jones, 1919; Bannister et al, 1985). Howev-
er, the identification of S. equi using culture is time consuming,  
requiring a minimum of 48 hours from receipt of clinical samples, 
and the test can be confounded by contamination of the sample 
with other bacteria. 

Building on access to the DNA sequence of S. equi (Holden et 
al, 2009), PCR-based tests identify the presence of S. equi DNA 
and are much more sensitive, specific and rapid, being capable of 
returning a diagnosis within hours of sample receipt (Båverud et 
al, 2007; Webb et al, 2013). Recent data from the Surveillance of 
Equine Strangles project showed that 95.4% of positive cases of  
S. equi infection in the UK between 2015 and 2019 were  
identified by PCR (McGlennon et al, 2021). These data highlight 
that veterinarians in the UK are using quicker and more sensitive 
PCR assays to optimise the management and prevention of stran-
gles. However, it remains vital that all horses with clinical signs 
of strangles, or those suspected of being infected, are isolated as 
soon as possible to minimise the transmission of S. equi. It is also 
important to retest horses that return negative diagnostic results if 
this is in conflict with the clinical diagnosis, especially during the 
initial phases of disease when S. equi may not be detected within 
the nasopharynx.

Persistence of Streptococcus equi
Despite the severity of signs in some horses, most (99%) make a 
full recovery over a period of a few weeks (Boyle et al, 2018). An 
immune response against S. equi can be detected within 2 weeks 
of infection (Galan and Timoney, 1985a). However, regardless of 
the development of these immune responses, S. equi continues 
to persist in the guttural pouches of around 10% of recovered  
‘carrier’ horses in dried balls of pus called chondroids, or as a  
biofilm (Newton et al, 1997, 2000;  Verheyen et al, 2000; Steward  
et al, 2017). The identification and treatment of carriers by re-
moving residual purulent material and administering penicillin is 
effective at preventing further cases of strangles (Figure 3) (Ver-
heyen et al, 2000). 

In order to minimise the risks posed by carriers, ideally all new 
horses arriving at a yard would be placed into quarantine for a 
period of 3 weeks pending examination by guttural pouch endos-
copy and testing by PCR (Waller, 2014; Newton et al, 2000). Simi-
larly, all horses at an affected yard should be examined by guttural 
pouch endoscopy approximately 4 weeks following the resolution 
of all clinical cases to identify those that had developed persistent 
infection. However, the cost and time required to conduct such a 
high number of procedures can be substantial. 

Figure 1. Streptococcus equi can survive for up to 6 weeks in drinking water, 
facilitating horse-to-horse transmission. 

Figure 2. A foal showing the classic signs of strangles as a result of enlargement 
of abscesses in the lymph nodes, which are obstructing the airway.

Figure 3. Removal of chondroids by guttural pouch endoscopy to resolve 
persistent infection with Streptococcus equi.
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the same schedule. Examination of foals 2 weeks after the third 
vaccination identified cervical lymphadenopathy in 17 of 59 (29%) 
of vaccinates and 39 of 55 (71%) controls (p<0.0001), providing 
evidence for a 59% reduction in the clinical attack rate (Hoffman 
et al, 1991) Samples from horses vaccinated with extract vaccines 
may test positive by iELISA (El-Hage et al, 2019), but not by cul-
ture or PCR tests.

Adverse reactions to vaccination with extract vaccines includ-
ed soreness or abscesses at injection sites in 44% of vaccinated 
foals and 2% of control foals (Hoffman et al, 1991). A total of 17 
out of 53 cases of purpura haemorrhagica were associated with 
vaccination with SeM-containing vaccines (Pusterla et al, 2003). 
Immune complexes that were associated with cases of purpura 
haemorrhagica were found to contain IgA and S. equi-specific an-
tigens that were similar to those found in acid extracts of S. equi 
(Galan and Timoney, 1985b). A recent study showed that six of 
eight (75%) horses with complications following natural infection 
with S. equi and 10/48 (21%) healthy horses had SeM antibody ti-
tres ≥1:12 800 8 weeks post-infection (p=0.009, two-tailed Fisher’s 
exact test) (Delph et al, 2019).

Live attenuated vaccines
Live attenuated vaccines against strangles are widely used for the 
prevention of strangles in several countries around the world. 
These vaccines are based on strains that have been disabled, either 
by treatment with DNA-damaging agents (Lanka et al, 2010; Har-
ris et al, 2015; Livengood et al, 2016), or the removal of a gene, 
aroA, required for the production of aromatic amino acids (Jacobs 
et al, 2000; Kelly et al, 2006), and are administered intranasally 
(Borst et al, 2011) or submucosally into the upper lip (Jacobs et 
al, 2000), respectively. In one study, three of 22 horses vaccinat-
ed with a high dose, and two of 22 horses vaccinated with a low 
dose, of the intranasal live attenuated vaccine, developed strangles 
compared with 9/15 controls (p=0.005 and p=0.002, respectively) 
(Waller, 2014). Submucosal vaccination protecteda all five, (100%) 
and two of four (50%) horses at 2 weeks after second vaccination 
(p=0.05 and p=0.43, respectively) (Jacobs et al, 2000). However, 
samples from horses vaccinated with live attenuated vaccines may 
test positive in culture, PCR and iELISA tests for strangles (Boyle 
et al, 2018, 2022).

Adverse events caused by live attenuated vaccines include the 
formation of rare mandibular abscesses (Jacobs et al, 2000; Kemp-
Symonds et al, 2007; Lanka et al, 2010; Borst et al, 2011; Cursons 
et al, 2015; Livengood et al, 2016). Accidental contamination of 
remote injection sites in the horse can result in abscess forma-
tion (Kemp-Symonds et al, 2007), and a veterinary surgeon who 
suffered an accidental needlestick injury developed an inflamed 
thumb and lymphangitis progressing proximally along her left 
arm that resolved following the administration of intravenous an-
tibiotics (Thompson and McNicholl, 2010).

Live attenuated vaccines contain the SeM protein and it is not 
recommended to vaccinate horses that have had strangles within 
the previous year or that have signs of strangles (Boyle et al, 2018). 
It is also recommended that horses with SeM antibody titres of 
1:3200 or greater should not be vaccinated because of the increased 
risk of purpura hemorrhagica (Boyle et al, 2017, 2018, 2022).

An alternative approach involves examining the guttural 
pouches of horses that have recovered from acute disease and 
horses that remained healthy, but were found to have antibodies 
directed towards two cell surface proteins SEQ2190 and SeM us-
ing a dual antigen indirect enzyme-linked immunosorbent assay 
(iELISA), which indicates recent exposure to S. equi (Robinson et 
al, 2013). While the dual antigen iELISA can identify all horses 
that have been exposed to S. equi during the acute phase of some 
outbreaks (Pringle et al, 2020), concerns have been raised about 
its ability to identify long-term, persistently infected horses where 
the antibody response post-acute disease may have waned to be-
low detectable levels (Pringle et al, 2020; Durham and Kemp-Sy-
monds, 2021). The dual antigen iELISA also fails to discriminate 
between horses that have recently been exposed to S. equi and 
those that remain persistently infected (Pringle et al, 2020). How-
ever, despite these deficiencies, the screening of horses using this 
tool has been widely adopted in the UK, directing further sam-
pling that accounted for the identification of 8.5% of all PCR- and/
or culture-positive horses in the period 2015–2019 (McGlennon 
et al, 2021). The removal of persistently infected carriers from the 
UK horse population is likely to yield significant long-term ben-
efits to equine health and may already be reflected by an apparent 
decline in the number of cases of strangles identified over recent 
years (Parkinson et al, 2011; McGlennon et al, 2021).

Unsaddling Streptococcus equi infection
The application of quarantine and diagnostic testing procedures 
can greatly reduce the risk of S. equi entering a yard (Waller, 2014; 
Boyle et al, 2018). However, the implementation of these meas-
ures following the return of horses from equestrian events may 
not always be possible. Restricting horses’ contact with others at 
events and avoiding horses sharing feed and water is a cost-ef-
fective measure that can minimise exposure to S. equi. Alongside 
these measures, vaccinating horses to increase their resistance to  
S. equi may slow down the disease and help the equine immune 
response to kill S. equi before abscesses form.

Approximately 75% of horses that recover from strangles de-
velop a protective immune response that may persist for up to 
5 years (Hamlen et al, 1994), providing evidence supporting the 
use of vaccines to prevent infection. Early vaccines employed cul-
tures of S. equi, that were gently heat-killed at 55oC for 12 minutes 
to maintain potentially protective antigens (Bazeley and Battle, 
1940; Bazeley, 1940, 1942a, 1942b, 1943). In trials, the vaccine was 
administered via subcutaneous injection to horses in the Austral-
ian army. Of approximately 2500 vaccinated horses, 29 developed 
strangles compared with 101 of approximately 1900 unvaccinated 
horses (p<0.0001) (Bazeley, 1942a). However, severe adverse reac-
tions occurred at the site of injection and vaccines of this type have 
failed to enter commercial production.

Extract vaccines
Cell surface extract-based vaccines apply proprietary acid or en-
zymatic treatments to extract immunogenic protein components 
from the surface of S. equi. These extracts contain the SeM pro-
tein and are approved for intramuscular administration in horses 
in the USA, Australia and some other regions around the world. 
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1995). ZAG was shown to bind alpha 2-macroglobulin, serum al-
bumin, and IgG, protecting S. zooepidemicus from recognition by 
the equine immune response (Jonsson et al, 1995) Further analysis 
revealed the presence of a homologous protein, EAG, in all isolates 
of S. equi (Lindmark et al, 1999). EAG was immunogenic in horses 
and conferred protection against S. equi infection in mice (Flock 
et al, 2004).

The collagen-binding S. equi cell surface protein, CNE, was 
discovered in 2003 and proposed to assist S. equi to attach to the 
equine mucosa during the initial stages of infection (Lannergård et 
al, 2003). In contrast, the function of another cell surface-attached 
collagen-like protein, SclC, remains unknown, despite its discovery 
in 2004 (Karlström et al, 2004, 2006). Vaccinating mice with EAG, 
CNE and SclC protected against S. equi infection, with a combina-
tion of EAG and CNE appearing to have an enhanced effect (Flock 
et al, 2006). Moreover, ponies vaccinated with the combination of 
EAG, CNE and SclC, formulated with a saponin-derived adjuvant 
had significantly reduced shedding of S. equi (p=0.02) and nasal 
discharge (p=0.0004), following intranasal challenge with 1 x 108 
cfu of S. equi strain 4047 (Waller et al, 2007). The addition of two 
other surface proteins, Eq5 (SEQ0256) and Eq8 (SEQ0402), to the 
EAG, CNE and SclC vaccine fully protected one pony and sig-
nificantly reduced the burden of infection identified post-mortem 
(p=0.01) at 2 weeks after a fourth vaccination (Guss et al, 2009). 

The secreted IgG endopeptidase, IdeE, was discovered in 2006 
(Lannergård and Guss, 2006) followed by a second IgG endopepti-
dase, IdeE2, shortly thereafter (Hulting et al, 2009). These enzymes 
cleave immunoglobulin at the hinge region, reducing the abil-
ity of antibodies to target S. equi (Timoney et al, 2008; Hulting et 
al, 2009), and their administration conferred protection to mice 
(Hulting et al, 2009). Their addition, to make a seven-component 
vaccine comprising IdeE, IdeE2, EAG, CNE, SclC, Eq5 and Eq8, 
protected six of seven (86%) ponies from strangles, significantly 
reducing signs of fever (p=0.0001) and signs of infection identified 
post-mortem (p=0.005) following challenge with S. equi at 2 weeks 
after the third vaccination (Guss et al, 2009). However, while this 
vaccine conferred significant levels of protection, the production 
and formulation of seven individual protein components would 
have significant cost implications.

To reduce the risk of purpura haemorrhagica and facilitate vac-
cination via the intramuscular route, a six-gene deletion strain of  
S. equi 4047 was generated. The strain lacked the genes sagA, hasA, 
SeM, aroB, pyrC and recA, which encode proteins involved in pro-
duction of the β-haemolytic toxin, hyaluronic acid capsule, SeM, 
aromatic amino acids, pyrimidine DNA bases and DNA recombi-
nation repair, respectively. Intramuscular vaccination with a dose 
of 1 x 108 colony forming units (cfu) protected six of seven ponies 
from S. equi infection 52 days after second vaccination, while all 
nine control ponies developed strangles (p=0.0009) (Robinson 
et al, 2015). However, four of nine vaccinated ponies developed  
abscesses at the intramuscular injection site post-first vaccination, 
and two of these ponies were withdrawn from the study, dem-
onstrating that this six-gene deletion strain was not suitable for  
further development for intramuscular administration (Robinson 
et al, 2015). 

Protein subunit vaccines
Vaccination with recombinant SeM protein conferred significant 
levels of protection against infection with S. equi in mice (Meehan 
et al, 1998), but not horses (Sheoran et al, 2002). Another vaccine 
based on the IL8-cleaving protein SeCEP was shown to protect 
mice (Turner et al, 2009), but no data are available regarding its 
application to protect horses.

To broaden the immune response generated in horses, two 
combinations of recombinant proteins derived from S. equi (SzPSe, 
CNE, Se51.9, Se44.2 (IdeE2) and Se46.8 or SeM, Se44.2, Se75.3, 
Se42.0, Se110.0 and Se18.9) were tested as vaccines against stran-
gles, but neither of these combinations protected horses from in-
fection (Timoney et al, 2007). 

However, a multi-component subunit vaccine comprising eight 
protein antigens from S. equi conferred significant levels of protec-
tion to horses from intranasal challenge with S. equi that induced 
strangles in all control animals (Figure 4) (Robinson et al, 2020). 
The pathway to identify the eight antigens and optimise their 
production and the protection conferred by fusing individual an-
tigens together is described in a series of publications that began 
with the identification of the protein G-like cell surface protein 
ZAG in Streptococcus zooepidemicus 27 years ago (Jonsson et al, 

Figure 4. Timeline for the development of an eight-component fusion protein vaccine.
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of the vaccinated ponies, but five control ponies shed S. equi in the 
period post-challenge (p=0.02) (Robinson et al, 2020). 

Analysis of the eight antigen sequences that were extract-
ed from 759 genomes of isolates recovered from 19 countries 
found very high levels of conservation. The predicted amino acid  
sequences of SclC, SclI and IdeE were identical across all genom-
es and at least 1579 of 1580 predicted amino acids in the eight  
antigens were identical in 743 (97.9%) of the genomes, suggest-
ing that immune responses generated towards these antigens will 
target all types of S. equi that have been identified to date (Frosth 
et al, 2022).

The multicomponent fusion protein vaccine contains no live 
bacteria, no S. equi DNA and the antigens within the vaccine do 
not include SEQ2190 or SeM. During the vaccination/challenge 
experiments, none of the 44 vaccinated ponies tested positive by 
quantitative PCR or iELISA prior to experimental challenge (Rob-
inson et al, 2020). Therefore, it is possible for this vaccine to be 
used alongside conventional strategies of biosecurity and diag-
nostic testing, providing new opportunities for the prevention of 
strangles.

Conclusions
Strangles remains an endemic disease of horses with only the  
geographically isolated population of horses in Iceland remaining 
free of infection. The completion of the S. equi genome sequence 
facilitated the development of more sensitive and specific diagnos-
tic assays and their use alongside biosecurity measures can reduce 
the risk of new outbreaks. However, further research to develop 
more sensitive assays for the detection of long-term persistently 
infected horses is warranted. Vaccination of horses provides  
another tool that can reduce the number of horses that become 
infected and the severity of their disease. The application of knowl-
edge gained from genome sequencing of S. equi, so-called reverse 
vaccination, has led to the development of a multi-component 
fusion protein vaccine that can be administered via intramuscular 
injection. The vaccine did not trigger diagnostic tests for S. equi 
and protected up to 94% of ponies from the development of fever 
and lymph node abscesses at 2 weeks after a third dose. Further 
studies are required to determine if the reduced number of lymph 
node abscesses in vaccinated animals leads to a reduction in the 

To improve the ease of production, the efficacy of five different 
combinations of five different fusion proteins, IdeE and IdeE2, en-
compassing a total of 11 different S. equi proteins were measured 
in three experiments in ponies. A combination of two fusion pro-
teins (CCE containing CNE, EAG, SclC, SclF and SclI; and Eq85 
containing Eq8 and Eq5) with IdeE was found to optimise the ease 
of production and the efficacy conferred against S. equi challenge 
(Robinson et al, 2018). However, this vaccine was administered 
via intranasal spray into both nostrils in combination with two 
subcutaneous injections near to the retropharyngeal lymph nodes, 
which is not practical for use in the field.

Therefore, the safety, immunogenicity and efficacy of this fu-
sion protein vaccine following intramuscular administration was 
quantified in a series of four experiments in ponies. The vaccine 
was found to induce adverse effects of fever and pain, swelling and 
heat at the injection site, which lasted for up to 5 days and resolved 
without veterinary intervention (Robinson et al, 2020). Antibody 
responses to the vaccine components in the blood of vaccinated 
ponies increased after first and second vaccinations, which were 
given 4 weeks apart. Antibody responses then declined, but re-
mained above the levels pre-first vaccination up to 1 year after the 
second vaccine dose (Robinson et al, 2020). A booster vaccination 
administered at 3, 6 or 12 months after the second dose restored 
peak antibody levels. Antibody responses to vaccine components 
were also detected in samples taken from the nasopharynx of vac-
cinated ponies, highlighting that intranasal vaccination was not 
required to induce a mucosal antibody response (Robinson et al, 
2020). Furthermore, sera from vaccinated ponies neutralised the 
collagen-binding activity of S. equi cells in vitro and the ability of 
IdeE to cleave immunoglobulin (Righetti et al, 2021). Significant 
levels of IdeE-neutralisation were maintained up to 6 months af-
ter second vaccination, and increased after the administration of a 
third vaccination whether this was 3, 6 or 12 months after the sec-
ond dose, providing the first insights into one possible mechanism 
by which this vaccine may protect horses (Righetti et al, 2021).

The challenge of ponies at 2 weeks after the second vaccination 
induced signs of fever in all 16 control ponies and 11 of 16 (69%) 
vaccinates (p=0.04). Vaccinated ponies developed a median of two 
lymph node abscesses compared with three in the control group 
(p=0.01), and the onset of fever and shedding of S. equi was sig-
nificantly delayed in vaccinated ponies (p=0.000003 and p=0.05, 
respectively). Challenge of ponies at 2 months after second vac-
cination induced signs of fever in all four control ponies and five 
of 12 (42%) vaccinates (p=0.09), although these data were signifi-
cant following the addition of historical control data from similar 
groups of control ponies (p=0.005) (Robinson et al, 2020). Vac-
cinated ponies developed a median of 0.5 lymph node abscesses 
compared with two in the control group (p=0.02), the onset of 
fever was significantly delayed in vaccinated ponies (p=0.008) and 
the amount of S. equi that was shed from vaccinated ponies was 
lower (p=0.02). The level of protection against challenge with S. 
equi that was conferred at 2 weeks after a third dose of vaccine 
increased further with one of 16 (6%) vaccinated ponies devel-
oping fever compared with all 15 control ponies (p<0.0001), and 
only one (6%) of the vaccinated ponies developed a lymph node 
abscess compared with 14 of 15 (93%) controls (p<0.0001). None 

KEY POINTS
	z Isolating horses with early signs of strangles, such as fever, can reduce 

the number of horses affected and the severity of disease in  
an outbreak.
	z Identifying and treating carriers carriers can prevent recurrent disease 

and transmission of Streptococcus equi to other populations of horses.
	z Polymerase chain reaction testing facilitates rapid diagnosis of infection.
	z Serological screening of horses can identify those exposed to S. equi 

during an outbreak, which may have become persistently infected.
	z Vaccination can reduce the number of affected horses and the severity 

of ensuing disease.
	z The application of vaccination alongside biosecurity and diagnostic 

testing strategies has the potential to finally unsaddle S. equi.
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number of horses that experience complications or become  
persistently infected. The application of vaccines alongside  
effective biosecurity and diagnostic testing has the potential to 
eliminate strangles from properties, opening up the possibility of 
other nations to rid themselves of this equine scourge.  EQ
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