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ABSTRACT

Streptococcus equi (s the etiologic agent of strangles a highly contagious disease of
horses that is manifestled by resplratory signs such as fever. nasal discharyzs and i:
Jlammation of lymph nodes in the heud reglon. The disease (s widely distributed
around the world, howeuver very liltle information (s ovailable regardng its incidence of
the disease in the reglon. The disease causes significant impact on the horse sport -
dustry. This impact is a resull of the direcl loss of the activily of race horses, distur-
bance of exercising schedule. cost of treatment. disinfection and other management re-
qulrements. Treabtment (5 dirccted toward the use of appropriate antibiotic such as
procaine peniclilin G and trimethoprim sulforamide and supportive care. Vacclnation
that is based on conuventional preparation or genetically modified live organism. is
available. However extra-cautions should be exerclsed when live vacclies are used.
Additional measurements are required for prevention of tntroduction of affecled horse
into a strangle-free herd.

Streptococecus cqul causes strangles, an acule highly contagious disease of horses
thal Is manlifested by local resplralory signs such as, thick rmuropurulent nasal dis-
charge, tnflamrnation of nasal and pharyngeal mucous membranes with swelllng an:’
abscessation of submandibular, submaxillary, and reteropharyngeal lymph nodes as
well as depression, increased body lemperature and reduced appetite. The name
strangles was originated from Lhe upper ainway st;nos'u;gcmd comnression that is in-

duced by enlarged lymph nedes (n the pharyngeal region.

Strangles was described jor the flrst time by Ruffus J. (n the thinieenth century. Sol-
leysel thought that strangles was contaglous and recommended isolaling infected hors-
es {Todd, 1910). Later, Rivalta detected chains of coccl in pus _from abscess of horses
infected with strangles, however Schutz (1988) was the first one described the organ-
tsm in detalls (Todd, 1910, Schutz 1888). Morpholagic and cultural characteristics in
stimple media were described by several authors (Sand 1888, Poels 1888, Baruchello
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1808). Finally, Bazeley in 1943 provided detalled W”‘.WW
mation of the disease in the 1940's.

INTRODUCTION

Micrabloiogy

5 equi 1s a Gram-positive, ovold or spherical bn shape. 0.68-1.0 _m In diameter (Hardle, |988).
The erganism occasionally forma bacllll and grows n palrs leading to he formalion of short or
long chain. 5 equil is o member of Lancefield group C streplococcus that 18 capable of forming
capsules In young cultures. tn addition, honey-colored mucoid colonies thal form wide zone of -
hemolyals arc produced when the bactertum Is cultured on blocd agar (Fiescott &t al. 1682).
Malg form, a different fovm of colonies, is assoclated with a mild form of the discase and resulled
from a phage-assoclated hyalurinadse that cause collapse of the mucold colonics (Timoney et
al.1944). S. equi is an acld producing crganism that ferments glucosc. sucrose. maltose, salicin
and galaclose. however, Il does nol ferment lactose, arabinos. trehalose. raMose. Inulin. manni-
tols or sorbiioke.

5. eqgul gains s virulence as a result of the presence of sevcral factors. The mast Imporiani
virulence (actors are hyaluronic acld capsule and M-protein. Also there are other virulence fac-
tors such as hyaluronidase. streptolysin S, streplokinase, peptidoglycan, and g0 Fe-receplor
protein.

Hyaluronlc ack! 15 a high molecular welght polymer Lthal consists of N-acetyl glucosa-
mine and glucuronic ackd alematively. Hyaluronic acid s a non-antigenic facior and is
nol Involved In the prolecUve lmmunity, however, IL reduces Lhe numbers of streplococel
that are killed by neutrophils as weil as maintains the appropriatc environment for bacte-
ral loxins such as streplolysin O o funcUon. M-prolein s a dimer or a timer molecule
with a molecular weight of 58 kDa. The main lragnents are 46kDa, 41 kDa and 29-3]1 kDa
{Galan ana tmuaney. 1867). [t is an antiphagocyUc factor which acts by binding fibrinogen and
complement faclor H 1o the M-proteln (Traore et al. 1901, Baschwita and Timonecy 1684,
Ericksoo and Narcross 1078) Anubodics against M prolein enhance in vitro phagocylosia and
walling of baclerta by PMNs. Mutant S equil that express low levels of M protein are much mare
susceplbie Lo phagocylosts In vitro by equine PMNs and also less virulent jor mice (Wallace et
al. 1995).

Stureplokinase i an enzyme (hal interacls with the ¢-lerminal sertne protease domain of
equine plasminogen to produce acUve plasmin which hydrolyses fibrin (McCoy et al 1991) This
may help In disperslon of the organism in Ussues. Streplokinase may also provide low-molecular
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welght nitrogenous substrates for bactedal growth through coroplement activatlon. Streptolysin
S causes the beta hemolysis through a mechan(sm that Is based on creating transmemebrane , .
pores (Flangan et al., 1988 and Carr et al., 2001). On the other hand, streptolysin O is Inhiblt- .
ed by oxygen reversjbly and the other member of this raJTu(y of Loxins. Streptolysin O forms hy-
drophlllc channels tn membranes that contaln a high a mount of cholesiero) (’l“imohey and
Mokhtar 1893). it js highly anUgenic: however It {s nughly conscrved and §s capable of lysing
erythrocytes of different hosts. It Is also toxie for other cells and cel structures Including PMNs,
cardlac muscles. plalelets and cytoplasmic Jvsosomes (Bhakdi et al.1886).

Pepldoglycan potentially activates the alernatlve complement pathway causing release of
chemotactic faclors (C3a. C5a) for equine PMNs. This may explajn the presence of large number
of PMNs In the Infected lymph nodes and on the upper respiratory mucesa during strangles. it is
also responslible for the febrile condition In S. equl Infectied horses Uy Inducing the release of py-'
rogenic cytokines as Wnterleukin-J, J1-6, U-8 and tumor necrosis factor-alpha (rom leukocyles
(Olkkawa et a1.1864), The role of the S. equi surface assoctated 1gG Fe receptors Is not completely
understood. They may help the orgarusm to avoid the host cellular recognition mcchanisms via
binding of Lhe host plasma protein to the surface of the organlsm ‘+hich may prevent access of
C3 or speclfic anUbody Lo target sites on the organism.

Eplzootiology :

Strangles contlnues to be the most (requently ceported disease worldwide according to the
Equine Dlsease Quarterly, Numerous outbreaks were reporied from Desumark. {reland. South
AFfrica and Swilzeriand (Equine diseases guarterly 2008). The disease has been reported In
the United Arab Emirates, however I lnvolved quarantined horses ammving for horse events
(Wrenery, Personal communication). Very Uttle Information regarding strangles in the Kingdom
of Saudi Arabla s available. '

Equldea 15 the only animal group affected by 8. equt The Jarge distribution of horses around
the world makes the dlsease world wide In distributlon (Rossdale nnd Ricketts 1874, Blood et
al., 1983). Foals less than six months are more suscepUble lo the disease due to the lack of ac-
quired Immunity (Fallon, 1088). However any age animaf can be affected unless a vaccination
program has been used or previously exposure has occurred. Inhalation and Ingestion are Lhe
most common route of infectlon. The disease can be transmitted via direct oral or nasal contact
oc by the aerosal route. )t also can be transrmitted by Indirect contact through transfer of puru-
lent discharge in feed, water, water bucket, bedding, handlers, flles, veterinarians and other ans-
malg. Although the organism requires the presence of the hast for lts survival. It may perslst in
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the environment for up to 63 days !f \avorable motstureangd temperature.conditjons are present .
(Jorm, 1992). :

The morbldity rate is high. ranging from 30% to as high as 100%. However the mortality rate
{3 Jow usually and does not exceed 10%. Recovered horses cdn shed the organism for several
months but usually It 1s shed from 4 to 5 weeks. Long lerm carrlage of S. equl may oecur if the
orgardsm remains (n (he guttural pouch. S. equi can be recovered more easlly from the guttural
pouch using a gullural lavage. The horse may remajn an asymptomauc carer for vp Lo 39
months (Newton et al.,19887).

The continuous Introducton of new horaes to 2 farm can allow the disease Lo become endem-
l¢ in the populaton. Predisposing factors that enhance introduction. malntenance and spread of
the disease fnclude: overcrowding, movement and mbdng of horses (rom different sources at
breeding farms. boarding setables. training eenters. race tracks and shows as well as introduction
of affected anlmals elther incubating the disease, clirucally (U or recovering [rom the discase
(TNimoney 1083a}. '

rathogenes!s :

S. equ( cnlers the body hrough the mouth or the nose and becomes attached to the cells in
the crypt of the tonsil and surrounding lymph nodules. Shortly. It migrates below the mucasa
Into the local lymphatics and reaches the lymph nodes that drain the pharyngeal and tonsiller
reglon. Extracellular mudplication In the tymph nodes akes place leading to formation of long
chalns of the organism. Neutrophils are attracted to the infecled site by chemotactle faclors. An-
uphagocytlc factors such as hyaluronic acld capsule. M-proteln and leukoclidal toxdng released
by the ocganism reduce the efMicacy of phagocytlc PMNs and promote abscess developmenL Dur-
ing abscess development the flow of lymph (luld 18 restricted causing enlarged lymph nodea and
subsequenty swelling of the submandlbular area and possible accluglon af the upper résplratory
tract (Mmoocy. 1993a).

The disease Is usually r¢stricted to the upper respiratary alrways and surrounding tissues,
however systemic spread can occur through hematogenous and lymphatic ¢channels. This results
in abscesses ln lymph nodes and other organs In the thorax and abdomen and sometimes In the
brain (Sweeny et =l.,1887). Th(§ form of thé dlsease (s known s "bastard strangfes”.

L
Clinlcal algmne : . J

The Incubalon periad for strangles 1s 4-10 days ard {s (ollawed by an elevated hody tempéra-
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ture of more than 40°C, depression, anorcxda and restlessness (Sweeny 2002]. Nasal discharge
is serous in the beginnlng but becomes mucopurulent and eventually purulent. The Interman-
dibular reglon is painful with some swallowing dilllcultles and head extension due to lymphadin-
iUs of reglonal lymnph nodes. Local edema may develop. Extemal rupture of aflected lymph nodes
may occur In |-2 weeks as well as intermal rupture of lymph nodes into the pharynx. Asptration
pneumonia and gullural pouch empymea may occur following Internal rupture of lymph nodes,
Nerve damage may lead to dysphagla oc hemiplegia of arylenold. The animal may show signs of
cough which is soft and moist and then becomes more productive and severe. Systemic spread
of the organlsm or metastasis to other lymph nodes and organs such as liver, kidney. spleen,
lungs, and braln may occur. Thls form of the disease is called bastard strangles. Therefore signs
referable to Lnvolvernent of these organs may develop. Afler cupture of abscesses, fever, depres-

sfon. and anorexia subslde and recovery can occur if no other abscesses develop.

In addl(tion to the clinical and economle Impacts caused by strangles, it may lead (o more
complcated clinlcal conditions that requlre further clinical management and may resutt In addl-
tional economle loss (Sweeny et al.. 1987). Some of these compllcallons are guttural pouch em-
pyema thal ralght resalt in chronic nasal discharges or acute sevese upper ajrway obstruction.
Subsequently cranial nerve neuropathy may develop and be expressed as laryngeal hemlplagia.
facfal nerve paralysls and Homer's Syndrome, Guttural pouch empyem may be managed by sys-
lemic antblotics, local irrigation or surgleal drainage of the guttural pouch.

Purpura hemorrhaglca usually affects mature horses but in one study 1t was reported In a
yearling. This may also occur [ollowing vaccinallon with a bacterin or an M-proteln vaceine. Pur-
pra hemorrhagica Is characterized by edematous swellings that occur due to the vasculitis that
occurs with the disease. The vascullis 18 a mantfestatlon of a streptococcal hypersesitivity. It is
treated by antiblotles, anU-inflammatory drugs and supporlive care.

Bastard strangles occcurs when there is metastatle spread of the bacterial infection of lyrnph
nodes in the head and upper neck region. The Infeclon can spread to the lungs. lver. lddney,
brain and mesenteric medlastinal, perorbltal and perivertebral lymph nodes. Slgns due to in-
volvernent of these lymph nodes and organs may then occur. Braln and splna! cord lnvalvement
may cause hyperasthesla, Incoordination, selzures, nystagmus, proprioceptive defect of e
limbs, head tilt circling and quadraparesis: Purulent pleuritis or peritonitis may develop due to
rupture of mediastinal and mesenteric lymph nodes. Cutanous abscessation, cellulitis and ulcer-
atlon can oceur In the faclal, perforbltal, perfanal regions and on the extremities. Preputial ab-
scegsation can cause marked préputial sweling and dysuria. Paravertebral abscessation can
causc pain In the ndck and restict'motion. Mesenteric abscessation may lead to colic, recurrent
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fever, chronjc weight losa. depresslon. reduced appetite and occasionally death,

Upper alrway obstructon as a resull of abscesslalon of the pharyngeal and mandibular
lymph nodes may cause asphyxda and lcad o death. Tracheoslomy may be required Lo releve
agphyxds. Prieumonla and pleuritis arc not common in uncomplicated cases but may be seen in
cases wilh asplrabion of the organtsm through Inhaled exudate or by metastatic spread of the ar-
gantam o the lungs and mediastnal lymph nodes. Purulent bronchopneumonla rarely cavses
masslve ntrapleural hemo:chage or acute eplstads. Laryngeal or phasyngeal dysfunction may
result from retropharyngeal abscessation or guttural pouch émpyema which leads to damage of
cranial or recurrent laryngeal nerwes. Agalact rnay be found {n mares before parturition al-
though mammary glands have norinal physical appearance. Agalactla might be due to high (e
ver, aporéxia and depression assoclated with the Infecdon. It 1s not lfe-threalening to the mare

but can become a managernent problem (n feeding the (oal.

Cardiac conditlons such as endocardit/s of the right alioventricular valves and thrombus for-
maton In the right atdum leading to heart murmurs were reported. Myocarditis due to lmmune
medtated Inflammmablion may result In a disturbance in the conduction system which results (n
significart changes on the electrocardiograms. Cardiac fallure may result. Therefore giving the
horse reat for several weeks after experlencing strangles Is essentlal. The presence of nodules In
atrioveniricular valves and ruptured chordac (endinea has been reporied as a result of bacteral
endocard!lUs which may occur with strangles.

Arthrits, glomenulonephenids and myosiis may develop during or after clinical strangles.
These conditlons may be attributed to lmimune comiplex deposlton In blood vessels of these Us-
sues. Chronlc nasal discharge may conlinue as an ongoing problem for & prolsnged perlod. Mor-
tality rate Is low at 5-10% and s usuvally due to systemic complicalions. Finally, pneumonia (s

one of the most common causes of death.

Immugology !

Horses affected with sLangles may recover following production of specliic serum anUbodies
agalnst the M-proteln and streptolysin O (Timoney 1893a). Recovered anlmals also develop a0l-
id immunlty following natural dlsease mainly due to praduction of mucosal secrelory [gA. This
local mucosal immunity plays a significant role In protecton agalnst experimental reinfection be-
fore detecton of serum opsonle antlbody. The produced Irumunity 18 not Ufe-long In duration
therefore, additiona) Infections may occur. Fleld exposure with or without developing clinical
slgns can produce a hlgh titer against S. egul Furiher exposure, either naturally or through vac-
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cinadon. induces a rap'd immune respanse. However exposure Lo a natural infeclon might pro-
duce Ure discase by overwhelming the circilating antibodles. At me of abscessalian circulating
anubody Ulers are Jow. Some delect in phagocytosls would be suggested f antlbody Ulers werc
found to be high and accompanled by disease. Animals may b carders in the face of type speclf-
le Lmmunity.

Disgnosle :

Diagnosls can be made as following: 1) clinical signs (ncludlng fever. Jymplhiadenopalhy and
nasal discharge: 2) laboratory diagnosls focluding CBC showling elevated PMNs numbers up (o
23.000 cells/ \. increased fibcinogen of 2 0.5 g/dl, and poslUve S. cqul bacterla) culiure (rom na-
sdl swab or nasal wash, swabs frorn ruptared abscesses or asplrate {rom Intact abscesses. A
posiuve culture {s consldered the defivifUve diagnosia. However negative resnlls do not rule oul
S. equ! because only 30% of dralning lymiph nodes will give posltlve results. Polymerase chaln re-
aclon (PCR) to detect S. equl bacteria) DNA ullizing primer sequences from SeM In samples
simllar to those used 1or bactedtal cuttare Is a more advanced method to detect the organism ana
has been devcloped o give result within 6 hours (Newton et al.. 2000. Timoney and Astinshblc
1097).

The clinical manifestalon of the discase may Jead Lo miss-dlagnosls with other disease that
have similar clinica) signs. Fever, nasal discharge and anarexda should be differentiated froin A-
tal disease such as (nfuénza or rhinopmeumonitds using CBC and bactertal culturve. Lymph
nodes abscessation should be differentiated from S. zooepidemicus with bacterlal cullure. Infcc-
Uons Ly Acunobaclitus, Streplococcus and Corynebaclerium pseudotuberculosls cause absces-
salon and differentiadon from S. equt s by the nalure of the purvlunt dralnage and by cullure.
Anaeroblc Infections due to foruign body penctiatlon or external punciure may be differentiated
from strangles based on Ussue necrosis, foul odor ad necrosis. Reteropharyrigeal lymph node
swelling s differenUawcd from S. equf associated gutlural pouch empymea by radiography and
endoscopy. /n enlarged pharynx may also be due to thyreld adénoma, parotldits. parotld mela-
noma, Slalocdele, guttural pouch tympany. hematoma, ¢celulius or any traurnatic Jesion.

Theatcent :

Management covicerns Include (solallon and segregallon of clinlcd) cases, due to the highly
contagsous nature of strangles. Complete rest and good nursing care including keeping horses
warm and dry with good feed and water. The disease significanty impacl treatment approach
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(Sweaeny ot al, 2002). If horses were exposed (o strangles showed no signs,-antibiaticarmay be
used to reduce chances of development of clinical dlsease. However. il early clinlcal'signs-such
as fever and naseal discharges started to appear, the use of antibloties may prevent further devel-
opment such as Jymph node abscessallon.

High doscs of procaine penlclliln G {5 the drug of cholce, 22,000 1U/KE two times per ‘day for
10-14 days or untit clinicat signs subside. AddIltional antblotles that may be used fnciude ampl-
clllin, trimethoprim sulfonamide, crythromycin, oxyletracyelne, benzalhine peatctilin. The argu-
ment that poor imnrurlty and bastard saangles may develop duc Lo antblole treatment s not

supporied by rellable data.

Further treaunenl may be required based on Lhe severily of the discase. Applicaton of hot-
packs. poultices or linaments enhances maturation of allecled lymph node. After maturation,
lymph nodes are lanced, dralae:d and flushed with povidone-lodlne untl) discharge ceases. Non-
sterotdal antiinflanumatory drugs (NSADsg) such as phenylbutlazone may be used to ceduce fever,
pain and swelling. 1§ severe dyspnea developed, bacheostomy 1s ro juired. Guttural pouch Lreai-
menit by flushing or ~urgical incisfon I8 recommended since Il Is a very sultable site [or long car-
rer. Stomach (ube [eeding may be needed. Cases that develpp bastard strangles will have a poor
prognosts and abscessatun of Intemal organs and lymph nodes require prolouged anublouc
{realment

Prevention !

Prevention and control mcasurements must be sirictly fotlowed to mindmize the spread of the
diseasc. Newly asiiving horses should be segregated and carefully monitored for two weaks prior
{¢ belng Infroduced Lo Lhe herd. Isolation of suspecied cases Lmunediately (or 14-21 days. reclal
lervperalure should be taken 2x/day and other health abnormalities such as nasal discharge.
cough, dysphagia and dyspnea should be recorded. Culture or PCR of pasal swab or washes and
jsolation of clinjcally aflecied or posiive cases for B-weeks should be implemented. Separate
palls for feeding and watering of affecled animals are needed. Complete disinfection or-cleaning
of stalls and stables with chlorohexadine or glutaraldehyde. Stalls should be len emply for dry-
Ing for 4 weeks. Fly control by Inslallation of screens, Insecticldes and electric fly killers Is rec-
ommended In controlling spread of the disease. Newly Introduced animals should be Isolated for
3-4 weeks. Farm workers that have worked with diseased antmals should nol work with unaf-
lected anlilals without thorgugh washing and disinfection. Finally. cqutpment such as beushes
and halters should not be sharcd between aflecied and non affected horses.
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There arc a number of 5. equl vaceines were developed Includlng conventional and melecular
type vaccine. Conventional Included wheole bacierla or components. Bacterins which are killed 5.
equi that 1s g@iven as 2-m) dose Intramusgular three Umes al 2-4 weeks interval then foliowed by
annual boosler dose (Bazely 1943). This vaceing caused marked vaccine reactons such as in-
Nammalion, abscess formaldon and muscle paln (Smith 1994). This led o the development of
gubunil vacclnes Include Lhe M-pratein vacelne produced by hot acld treatment ar mutanolysin
were Introduced in the USA during the 19705 and 1980s. Protein-based vaccine decreases the
clinkcal signs of strangles In young horses Lo a leve] shnllar to what occurs In adulls [Sdvastava
and Barnum 1983) However Lhe safety of this vaccine was queatlonable therefore limiling 1s
wide vusc In the fleld (Hoffman ef al., 1591). Finally, a recomblnant S equl hyzlumate assaclaled
protein (lled to provide protecUon ( Waller and Jolley 2007)

Advancement In the understanding of the malecular bases of S equl resulted In the produc-
Uon of more sophlstcaied vaccines, An inbmnasal live vaccioe, pgenctlcally mediled. non-
capsulaled. Pinnacie [N, by Forl Dodge, has been Intraduced (o the market In the USA [(Walker
and Timoney 200:2). [L has been shown lo sUmulate 3 mucosal antbody responas, However, ad-
verse reaclions such as nasal discharge, lymphadenitis. abscesses of lymph nades in the head
and purpura haemorrhagica were remarkable [Al-Ghamdl et al., 2001). In Europe, a live atlen-
wated vaccine TW 928, Equilis SbrepE, Intervel, was developed (Helly et al., 2006). This vaccine
I5 glven under the mucosa Inside the upper lp. I produces Immunity for shart perfod of Ume
aboul three months thal can be boosied. Nonetheless Une wse of these live vaccing should be ex-
ercised with greal cautlon.
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