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ABSTRACT 
Diseases caused by the Lancefield group A streptococcus, Streptococcus pyogenes, are 

amongst the most challenging to clinicians and public health specialists alike.  Although 

severe infections caused by S. pyogenes are relatively uncommon, affecting around 3 

per 100,000 of the population per annum in developed countries, the case fatality is high 

relative to many other infections.  Despite a long scientific tradition of studying their 

occurrence and characteristics, many aspects of their epidemiology remain poorly 

understood, and potential control measures undefined.   

 

Epidemiological studies can play an important role in identifying host, pathogen and 

environmental factors associated with risk of disease, manifestation of particular 

syndromes or poor survival.  This can be of value in targeting prevention activities, as 

well directing further basic research, potentially paving the way for the identification of 

novel therapeutic targets.  The formation of a European network, Strep-EURO, provided 

an opportunity to explore epidemiological patterns across Europe.  

 

Funded by the Fifth Framework Programme of the European Commission’s Directorate-

General for Research (QLK2.CT.2002.01398), the Strep-EURO network was launched 

in September 2002.  Twelve participants across eleven countries took part, led by the 

University of Lund in Sweden.  Cases were defined as patients with S. pyogenes 

isolated from a normally sterile site, or non-sterile site in combination with clinical signs 

of streptococcal toxic shock syndrome (STSS).  All participating countries undertook 

prospective enhanced surveillance between 1st January 2003 and 31st December 2004 

to identify cases diagnosed during this period.   

 

A standardised surveillance dataset was defined, comprising demographic, clinical and 

risk factor information collected through a questionnaire.  Isolates were collected by the 
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national reference laboratories and characterised according to their M protein using 

conventional serological and emm gene typing.  

 

Descriptive statistics and multivariable analyses were undertaken to compare 

characteristics of cases between countries and identify factors associated with increased 

risk of death or development of STSS.  Crude and age-adjusted rates of infection were 

calculated for each country where a catchment population could be defined. 

 

The project succeeded in establishing the first European surveillance network for severe 

S. pyogenes infections, with 5522 cases identified over the two years.  Analysis of data 

gathered in the eleven countries yielded important new information on the epidemiology 

of severe S. pyogenes infections in Europe during the 2000s.  Comprehensive 

epidemiological data on these infections were obtained for the first time from France, 

Greece and Romania.  Incidence estimates identified a general north-south gradient, 

from high to low.  Remarkably similar age-standardised rates were observed among the 

three Nordic participants, between 2.2 and 2.3 per 100,000 population.  Rates in the UK 

were higher still, 2.9/100,000, elevated by an upsurge in drug injectors.  Rates from 

these northern countries were reasonably close to those observed in the USA and 

Australia during this period.  In contrast, rates of reports in the more central and 

southern countries (Czech Republic, Romania, Cyprus and Italy) were substantially 

lower, 0.3 to 1.5 per 100,000 population, a likely reflection of poorer uptake of 

microbiological diagnostic methods within these countries.   

 

Analysis of project data brought some new insights into risk factors for severe S. 

pyogenes infection, especially the importance of injecting drug users in the UK, with 

infections in this group fundamentally reshaping the epidemiology of these infections 

during this period.  Several novel findings arose through this work, including the high 

degree of congruence in seasonal patterns between countries and the seasonal 

changes in case fatality rates.  Elderly patients, those with compromised immune 

systems, those who developed STSS and those infected with an emm/M78, emm/M5, 

emm/M3 or emm/M1 were found to be most likely to die as a result of their infection, 

whereas those diagnosed with cellulitis, septic arthritis, puerperal sepsis or with non-
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focal infection were associated with low risk of death, as were infections occurring during 

October.  Analysis of augmented data from the UK found use of NSAIDs to be 

significantly associated with development of STSS, adding further fuel to the debate 

surrounding the role of NSAIDs in the development of severe disease. 

 

As a largely community-acquired infection, occurring sporadically and diffusely 

throughout the population, opportunities for control of severe infections caused by S. 

pyogenes remain limited, primarily involving contact chemoprophylaxis where clusters 

arise.  Analysis of UK Strep-EURO data were used to quantify the risk to household 

contacts of cases, forming the basis of national guidance on the management of 

infection.  Vaccines currently under development could offer a more effective control 

programme in future.   

 

Surveillance of invasive infections caused by S. pyogenes is of considerable public 

health importance as a means of identifying long and short-term trends in incidence, 

allowing the need for, or impact of, public health measures to be evaluated.  As a 

dynamic pathogen co-existing among a dynamic population, new opportunities for 

exploitation of its human host are likely to arise periodically, and as such continued 

monitoring remains essential.  

 

Keywords: Streptococcus pyogenes; Fatal Outcome; Shock, septic; Seasons; 

Bacteraemia; Streptococcal vaccines; Communicable disease control; Population 

Surveillance; Epidemiology; Europe, UK. 
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TIIVISTELMÄ

 
 

Lancefield-ryhmän A streptokokin eli Streptococcus pyogenes-bakteerin aiheuttamat 

taudit ovat erittäin haasteellisia kliinikoille sekä kansanterveyden asiantuntijoille.  Vaikka 

S. pyogenesin aiheuttamia vakavia infektioita esiintyy kehittyneissä maissa 

väestöpohjaisesti vain kolmella 100 000:sta vuosittain, on tapauskuolleisuus suuri 

verrattuna moniin muihin infektiotauteihin.  Siitä huolimatta, että näiden infektioiden 

ominaisuuksia ja esiintymistä koskevalla tutkimuksella on pitkät perinteet, on niiden 

epidemiologia vielä useilta osin huonosti tunnettua ja mahdolliset torjuntakeinot 

määrittelemättä.  

 

Epidemiologisilla tutkimuksilla voi olla merkittävä rooli tautiriskiin, tiettyihin oireisiin tai 

huonoon selviytymiseen liittyvien isäntään, taudinaiheuttajaan ja ympäristötekijöihin 

liittyvien tekijöiden tunnistamisessa.  Tämä voi osoittautua hyödylliseksi 

ehkäisytoimenpiteitä ja jatkotutkimuksia suunnitellessa, sekä toimia uraauurtavasti 

uusien hoidon kohteiden tunnistamisessa.  Eurooppalaisen Strep-EURO- verkoston 

perustaminen mahdollisti epidemiologisten tekijöiden tutkimuksen ympäri Eurooppaa.  

 

Euroopan komission tutkimusdirektoraatin (QLK2.CT.2002.01398) viidennen 

puiteohjelman rahoittama Strep-EURO -verkosto perustettiin syyskuussa 2002.   

Hankkeeseen osallistui kaksitoista osanottajaa yhdestätoista maasta ruotsalaisen 

Lundin yliopiston johdolla. Tapauksiksi määriteltiin potilaat, joilta oli viljelty S. pyogenes 

joko normaalisti steriilistä tai epästeriilistä kohteesta yhdistettynä toksisen shokin 

taudinkuvaan (STSS). Prospektiivisen tehoseurantatutkimuksen avulla etsittiin kaikista 

osallistujamaista 1. tammikuuta 2003 ja 31. joulukuuta 2004 välisenä aikana 

diagnostisoituja potilastapauksia. 
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Luotiin standardisoidu seurantatietokanta, joka sisälsi kyselylomakkeen avulla kerättyjä 

demografisia, kliinisiä ja riskitekijätietoja. Kansalliset asiantuntijalaboratoriot keräsivät 

bakteerilöydökset, ja tutkivat niiden M proteiineja perinteistä serologista ja emm -

geenityypitystä hyödyntämällä. 

 

Deskriktiivinen tilasto- ja monimuuttuja-analyysi suoritettiin eri maiden välillä 

tautitapauksiin liittyvien ominaisuuksien sekä suurentuneeseen kuolemanriskiin tai 

STSS:n kehittymiseen liittyvien riskitekijöiden tunnistamiseksi. Infektioiden 

esiintymisluvut laskettiin sekä suoraan että ikäryhmiin mukautettuna kullekin maalle, 

jonka kohdeväestö oli määriteltävissä. 

 

Tunnistamalla 5522 tapausta kahden vuoden aikana, hanke onnistui luomaan 

ensimmäisen eurooppalaisen vakavien S. pyogenes infektioiden seurantaverkoston.  

Yhdessätoista maasta kerättyä materiaalia analysoimalla saatiin uutta, tärkeää tietoa 

vakavien S.pyogenes infektioiden epidemiologiasta Euroopassa 2000-luvulla.  Kattavaa 

epidemiologista tietoa näistä infektioista oli saatavilla ensimmäistä kertaa Ranskasta, 

Kreikasta ja Romaniasta.  Tapausten esiintymistiheys viittasi korkeasta alhaiseen 

kulkevaan pohjois-etelä gradienttiin.  Kolmen pohjoismaalaisen osallistujan välillä oli 

nähtävissä huomattavan yhdenmukaiset ikävakioidut arvot, noin 2,2 -2,3 tapausta 

100 000 asukasta kohti.  Ruiskuhuumeita käyttävien äkillisesti nousseesta lukumäärästä 

johtuen olivat kyseiset luvut Iso-Britaniassa vielä korkeampia, noin 2,9/100 000.  Näistä 

Pohjois-Euroopan maista saadut luvut vastasivat suunnilleen USA:sta ja Australiasta 

samalla aikavälillä saatuja arvoja.  Euroopan keski- ja eteläosan maissa (Tsekin 

tasavalta, Romania, Kypros ja Italia) havaittiin sen sijaan huomattavasti vähemmän 

tapauksia ja kyseiset luvut vaihtelivat 0,3:n ja 1,5:n tapauksen välillä 100 000 asukasta 

kohti.  Tämän voidaan mitä todennäköisimmin katsoa heijastuvan mikrobiologisten 

diagnostisten menetelmien vähemmästä käytöstä kyseisissä maissa.  

 

Projektitulosten analysointi toi joitakin uusia näkökulmia vakavien S. pyogenes tautien 

riskitekijöistä.  Etenkin Iso-Britanniassa ruiskuhuumeiden käyttö ja näiden potilaiden 

infektiot muokkasivat merkittävästi tautiepidemiologiaa tänä ajanjaksona.  Tutkimus tuotti 

paljon uusia tuloksia, kuten vuodenaikavaihtelun samankaltaisuuden kaikissa maissa, ja 
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vuodenajan vaikutuksen tapauskuolleisuuteen. Iäkkäät ja puolustusrajoitteiset potilaat 

sekä henkilöt, joille oli kehittynyt STSS tai joilla oli emm/M78, emm/M5, emm/M3 tai 

emm/M1 tauti, kuolivat todennäköisimmin infektion seurauksena, kun taas selluliittia, 

septistä artriittia, puerperaalista sepsistä tai yleisinfektiota (ei elinfokusta) sairastavien 

potilaiden keskuudessa kuolemanriski oli alhainen.  Kuolleisuus oli alhaisempaa myös, 

jos infektio esiintyi lokakuussa.  Iso-Britannian laajennetun tietokeräysmateriaalin 

analyysissa NSAID lääkkeiden käyttö assosioitui tilastollisesti merkitsevästi STSS:n 

kehittymiseen.  Tämä löydös saattaa osaltaan kiihdyttää keskustelua, jota käydään 

NSAID lääkkeiden roolista vakavan taudin kehittymiseen. 

 

Koska vakavat S.pyogenes infektiot ovat pitkälti avohoitoperäisiä, ja ajallisesti ja 

maantieteellisesti harvakseltaan esiintyviä tauteja, ovat torjuntakeinot vähäiset.  Ne 

rajoittuvat lähinnä lähikontaktien lääkeprofylaksiaan, jos todetaan tautirypäitä.  Iso-

Britannian Strep-EURO tuloksia käytettiin arvioimaan samassa taloudessa asuvien 

henkilöiden tautiriskiä; tämä loi pohjaa kansallisen hoito-ohjeen luonnille.  Kehitteillä 

olevat rokotteet voisivat tulevaisuudessa tarjota tehokkaamman torjuntaohjelman.  

 

Vakavien S. pyogenes infektioiden seuranta on kansanterveydellisesti tärkeää 

nimenomaan pitkän ja lyhyen ajanjakson esiintyvyydessä tapahtuvien muutosten 

tunnistamiseksi, sekä kansanterveydellisten toimenpiteiden tarpeen ja vaikutusten 

arvioimiseksi.  S. pyogenes, joka on muuntautumiskykyinen taudinaiheuttaja, osaa 

väestössä ja isännässä tapahtuvien muutosten myötä etsiä aika ajoin uusia 

taudinaiheuttamismuotoja.  Tämän takia jatkuva seuranta on tärkeää.    

 

Avainsanat: Streptococcus pyogenes, kuolema; shokki; septinen; kausi/vuodenaika; 

bakteremia; streptokokkirokotteet; tartuntatautien torjunta; väestön seuranta; 

epidemiologia; Eurooppa; Iso-Britannia. 
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1. INTRODUCTION  
 

Diseases caused by the Lancefield group A streptococcus, Streptococcus pyogenes, are 

among the most varied in terms of clinical spectra and severity, ranging from the 

ubiquitous pharyngitis to rarer life-threatening presentations such as necrotizing fasciitis.  

Although severe infections caused by S. pyogenes are relatively uncommon, affecting 

around 3 per 100,000 of the population per annum in developed countries[1;2], the case 

fatality is high relative to many other infections, around 7-23%[2-8].  The rapidity with 

which patients can deteriorate bestows further notoriety to this pathogen[9-11], inducing 

disquiet among frontline medical staff faced with a differential diagnosis, and fear 

amongst the public at large.  Although attributable mortality is higher among the elderly 

and those with impaired immune systems, deaths among the young and previously 

healthy are not uncommon[11-13]. 

 

Invasive S. pyogenes infections have attracted increasing levels of attention since the 

late 1980s when reports from the USA, Canada, Norway, Sweden and Denmark warned 

of a possible re-emergence of severe clinical manifestations of S. pyogenes, and non-

suppurative sequelae such as rheumatic fever[9;11;14-19].  Serotype M1, and to a 

lesser extent M3, were generally implicated in these rises[10;16;20;21]. 

 

During the early 1980s reports emerged from the then Czechoslovakia and the USA 

describing a hitherto unrecognized complication of S. pyogenes infection, termed the 

‘streptococcal toxic shock-like syndrome’[6;12;22;23].  A review of these reports by a 

CDC working group led to the establishment of a case definition for streptococcal toxic 

shock-like syndrome (STSS)[24].  The diverse spectrum of invasive diseases recognised 

as being caused by Streptococcus pyogenes included puerperal sepsis, necrotizing 

fasciitis, septic arthritis, pneumonia, STSS and non-focal bacteraemia. 

 

One of the most defining events for severe S. pyogenes disease surveillance activity 

occurred in 1994 when a cluster of necrotizing fasciitis cases was detected in 

Gloucestershire, in the South West of England[25].  This event acted as an important 

catalyst for a host of activity within and outside the UK.  Enhanced surveillance for 

severe S. pyogenes disease was immediately implemented in the UK[26], with two other 
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European countries following suit[27;28].  This response resulted in a small number of 

countries obtaining for the first time measures of disease-specific incidence, risk factors 

and outcome.   

 

The impetus generated during the mid-1990s led to the establishment of an ad hoc 

WHO working group on Streptococcus pyogenes, comprised of representatives from 

streptococcal reference centres in Canada, Czech Republic, Italy, New Zealand, UK and 

USA.  The main recommendation of the ensuing WHO consultations was to support 

member countries in initiating comprehensive public health programmes for the control 

of severe S. pyogenes infections.  The key priorities that emerged from the pivotal 1998 

consultation included the urgent need to develop a mechanism to strengthen 

microbiological capacity and provide sustained support to an international network of 

laboratories, the need to evaluate the tools available for surveillance, and the need to 

embed streptococcal infections within national public health priorities[29].  However, no 

definitive network across Europe was formed, and collaborations between European 

countries were undertaken, if at all, on a largely informal basis.  A European network 

was not established until 2002[30].   

 

Despite the importance of these infections and the long scientific tradition of studying 

their occurrence and characteristics, many aspects of their natural history remain poorly 

understood, and potential control measures often undefined.  Epidemiological studies 

can identify a range of host, pathogen and environmental factors associated with 

particular disease manifestations or with poor survival, which can in turn help direct 

further research at a cellular level, potentially paving the way for identification of novel 

therapeutic or preventative targets.  Collecting an array of patient and microbiological 

data on at a sufficiently large and representative number of patients can, however, 

present a logistical and financial challenge.  The formation of a European network, 

Strep-EURO, provided an opportunity to rise to this challenge[31].  
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2. REVIEW OF THE LITERATURE  

2.1. Streptococcus pyogenes as a human pathogen 

2.1.1. Discovery of Streptococcus pyogenes 
Like other members of the family Streptococcacae, streptococci are Gram-positive 

facultative anaerobic organisms which occur in chains or in pairs[32].  The name 

Streptococcus was proposed by Theodor Billroth in 1874, who identified these 

organisms from patients with erysipelas and wound infections[33;34].  The name was 

coined in recognition of the characteristic chain formation of the genus, from the Greek 

streptos for chain or twisted, and kokhos meaning berry or seed, referring to the 

globular-shaped particles[35].  The individual streptococcal species then became named 

after the diseases they caused or sites of infection[35], with Streptococcus pyogenes 

coined by Friedrich Julius Rosenbach in 1884[34;36].  

 

Streptococci were first classified at the turn of the 20th Century according to their 

differential capacity to induce haemolysis on blood agar[35].  Pioneering work by 

Rebecca Lancefield during the 1930s proposed a serological classification scheme 

based on group-specific polysaccharides[35;37].  She further subdivided group A 

streptococci according to the M protein found on the cell wall, an important virulence 

factor against which protective antibodies are formed[34].  Research undertaken during 

the 1920s and 1930s also identified toxins (streptococcal pyrogenic exotoxins) produced 

by streptococci as having an important role in the pathogenesis of scarlet fever[35]. 

 

2.1.2. Carriage and transmission of S. pyogenes 
Streptococcus pyogenes is commonly carried in the oropharynx and on intact skin of 

humans.  The genital tract and perianal area are also sites of carriage.  Carriage rates 

vary according to geographical location, climatic factors, season and age[34].  Estimates 

of pharyngeal carriage range from 12-23% in school-aged children [38;39].  S. pyogenes 

can also contaminate the environment immediately around carriers and those with 

disease[40].  Different M-types are known to favour mucosal versus cutaneous sites, the 

latter constituting the higher-numbered types in reflection of their more recent 

identification[34].  There is some evidence that some serotypes have more pathogenic 

potential than others[41]. 
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Transmission of S. pyogenes is usually through direct contact with droplets of saliva or 

nasal secretions from carriers or persons with clinical infection, or through skin contact, 

especially contact with infected lesions.  Seminal work carried out at the Warren Air 

Force base in Wyoming (USA) found transmission rates to be higher in symptomatic 

than asymptomatic individuals, from individuals carrying the organism in their nose than 

throat, and from those heavily colonised[42].  Transmission rates have also been found 

to be increased by crowding[34;42].  The length of incubation is usually fairly short, 

usually 1-3 days[43].  The period of communicability is typically 10-21 days in untreated 

individuals with uncomplicated infection.  This is significantly reduced once antibiotic 

treatment has commenced[34;43], with less than 20% of children in one study found to 

have a positive throat swab 24 hours after commencement of treatment[44]. 

 

2.1.3. Diseases caused by S. pyogenes 
A wide range of clinical infections are recognised as being caused by Streptococcus 

pyogenes, including respiratory, cutaneous, soft tissue and systemic infections.  

Suppurative presentations commonly associated with this organism are listed in Table 1, 

with most being potentially caused by a range of different pathogens[34].  The two most 

important non-suppurative presentations are rheumatic fever and glomerulonephritis. 

 

Table 1  Suppurative infections caused by S. pyogenes 
Non-focal bacteraemia 
Skin and soft tissue infections 

Cellulitis Impetigo 
Erysipelas Necrotizing fasciitis 

Carditis  
Meningitis  
Upper and lower respiratory tract infections 

Epiglottitis Pharyngitis 
Empyema Scarlet fever 
Mastoiditis Tonsillitis 
Otitis Pneumonia 

Bone and joint infections 
Abdominal infections  

Peritonitis Appendicitis 
Pelvic and obstetric infections 

Puerperal sepsis Vaginitis 
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Puerperal sepsis or ‘childbed fever’ has represented one the most important of these 

disease manifestations in developed countries during the past three centuries.  The 

introduction of ‘lying-in’ hospitals in the 17th and 18th Centuries across Europe and the 

subsequent shift from home birth to hospital delivery provided ideal conditions for the 

spread of infection[45-47].  High rates of maternal death began to be reported across 

Europe, with a staggering 1 in 5 maternities in one hospital in Stockholm resulting in 

death[48].  Seminal findings by Semmelweis in the 1840s demonstrated that the disease 

was spread through contagious particles carried on hands and overalls of attending 

clinicians[49].  It took a further 30 years however before this became accepted and 

infection control measures instigated following the identification of streptococci in clinical 

specimens by Billroth and Pasteur during the 1870s[48;50].  

 

Development of a mechanism to identify and classify Streptococcus pyogenes during the 

early part of the 20th Century paved the way for the epidemiological study of important 

disease manifestations: scarlet fever, acute rheumatic fever and puerperal sepsis.  

Incidence and severity of these diseases fell dramatically over the past century.  

Recognition of the causative organisms and factors facilitating transmission are likely to 

have influenced the changing incidence of infection, along with development of 

antibacterial drugs for use in treatment and prophylaxis during the 1940s[35].  However, 

incidence of these infections appears to have been falling prior to these developments 

(Figure 1, HPA), suggestive that other host or pathogen factors may have been 

important in reducing transmission or infection, for example improved living conditions 

and general health, or a possible diminution in strain virulence. 
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Figure 1  Notifications of scarlet fever in England and Wales, 1912-2007 
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After a century of declining incidence of rheumatic fever, reports began to emerge from 

the USA suggesting a resurgence of disease in military and civilian populations during 

1980s[51].  Whilst a resurgence in rheumatic fever in other countries was not generally 

documented, widespread increases in incidence of invasive disease began to be 

reported from the 1980s onwards (see 2.4. The burden of severe S. pyogenes 
infection at the turn of the millennium). 

 

2.2. Measuring and monitoring the incidence of severe S. 

pyogenes infection 

Our understanding of the epidemiology of severe diseases caused by S. pyogenes is 

relatively poor compared to many other infectious diseases.  Many countries with 

established infectious disease surveillance programmes have undertaken relatively little 

surveillance of diseases caused by S. pyogenes and other streptococci.  However, many 

are now expanding or modifying their surveillance programmes to capture information on 

diagnoses of severe S. pyogenes infection, not least in light of recent worrying trends in 

incidence. 
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Two distinct approaches are commonly used to obtain data of value in understanding 

and characterising the spread of infections in a population.  The most common, 

pragmatic and economical approach is to find an existing source of information on the 

diseases of interest, such as point of contact with healthcare services, and establish a 

mechanism to capture relevant information from this source.  In contrast to this 

opportunistic approach is the establishment of a customised system to capture data not 

available through existing sources.  The advantage of the first approach is that it clearly 

requires less resource than the second, either from central co-ordinators or from local 

data providers.  This approach is limited, however, to diseases that lead patients to seek 

contact with healthcare services and to information routinely captured. 

 

To fully understand the epidemiology of diseases caused by S. pyogenes, an 

understanding of transmission dynamics are needed, in terms of how this organism 

spreads, host and strain characteristics of importance to onward transmission and 

disease severity and inter- and intra-species competition for ecological niches.  A 

comprehensive investigation following a very large healthy cohort for a substantial period 

of time would have to be undertaken to explore these dynamics, given the rarity of some 

of the severe presentations one would be trying to capture.  Although this would reveal a 

host of new information on transmission and incidence, an important first step towards 

identifying effective prevention strategies, clearly this would be prohibitively expensive.  

As such, studies have tended to focus on specific elements of disease transmission and 

incidence. 

 

 

2.2.1. Statutory requirements for the notification of S. pyogenes 
diseases 

Very few countries within Europe list severe S. pyogenes infection among their notifiable 

diseases.  In Norway cases of invasive S. pyogenes infection have been notifiable since 

1975, and all severe infections (including isolates from non-sterile sites, when 

accompanied by severe clinical presentation) since 1995[52]. Finland similarly made S. 

pyogenes bacteraemia notifiable in 1995, as have Ireland in 2003 and Sweden in 2004 

[53-55].  With the exception of these countries, surveillance activities have been 

predominantly reliant on voluntary reporting systems.  There is no current requirement 
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for national public health institutes to report cases of severe S. pyogenes disease to 

ECDC[56;57]. 

 

2.2.2. Surveillance methodology 
An international network encompassing countries bordering the Arctic (International 

Circumpolar Surveillance) has been in operation for a number of years, although capture 

of data on invasive S. pyogenes infections has been limited to the USA, Canada and 

Greenland[58].  In the absence of a dedicated Europe-wide surveillance network, 

different European countries have been undertaking surveillance of S. pyogenes 

infections according to their own criteria.  Common methodological approaches have 

been adopted between countries, allowing some degree of comparability of results.  

National or multi-site surveillance activity results identified from the WHO European 

Region are given in Table 2 (based on Lamagni et al[31], with additional data) and from 

other WHO regions combined in Table 3.  Most operate through the capture of routine 

local microbiological diagnoses into a central data bank.  The quality of data available 

through such systems has been variable, both in terms of the breadth of information 

collected and completeness of reporting.  Many such systems do not routinely capture 

clinical information, which is a particular shortfall for S. pyogenes infection given the 

plethora of associated conditions and their differing risk factors.   

 

As many industrialised countries have a recognised national reference centre for 

microbiological identification and typing of streptococci, surveillance activities have 

commonly utilised isolate submission for surveillance purposes.  This provides 

information on microbiological characteristics of strains circulating within these countries, 

such as serotype (based on T and M proteins), sequence typing of the emm gene 

(emmST) and antibiotic susceptibility.  A potential drawback can be referral bias, 

depending on which criteria are applied by laboratories in selecting isolates for referral or 

by reference laboratories in inviting isolate submission.  Isolates that are sent primarily 

for “epidemiological purposes”, usually referring to the determination of strain 

relatedness for outbreak control purposes, will be unlikely to represent the primarily 

sporadic bulk of invasive S. pyogenes infections.  Referral on the basis of atypical 

microbiological characteristics or clinical features would also present a biased group of 

isolates.  However, some countries have attempted to circumvent these problems of 

biased sampling by requesting submission of all invasive isolates, and as such referral 
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data may provide some important markers of trends in infection (Figure 2, modified from 

Efstratiou et al [59]).  Many countries in Europe have utilised both isolate referral-based 

and laboratory report-based surveillance systems in parallel (Tables 2, 3).   

 

Figure 2  Sterile site referrals and laboratory reports of S. pyogenes infection, 
England and Wales 1998-2002 
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Sources of information used for routine surveillance purposes have been periodically 

supplemented through invoking a period of “enhanced surveillance”, primarily to gain 

additional patient, clinical, microbiological and outcome measures.  Aside form the 

countries who participated in the Strep-EURO programme (see 4. Materials and 
methods), Belgium also initiated enhanced surveillance in 2004 following an observed 

sudden increase in invasive S. pyogenes disease cases detected through their 

laboratory surveillance system[60].  
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2.3. Definitions of severe S. pyogenes infection 

2.3.1. Definitions applied in different countries 
Definitions of ‘invasive’ or ‘severe’ S. pyogenes infections applied in different countries 

for surveillance purposes have varied to a considerable degree, with no agreed 

consensus definition existing.  Although ECDC has drafted and ratified among its 

member states case definitions for many infectious diseases, and is now collating 

surveillance data on them, S. pyogenes infections are not included as presumably not 

considered a sufficient priority[56;57].  The classification of S. pyogenes diseases put 

forward by a USA working group in 1993 has been adopted by several countries for 

surveillance or research purposes[24].  The classification divides these diseases 

according to five groups (Table 4, modified from [24]) 

 

Table 4  Classification of streptococcal infections 

I. Streptococcal toxic shock syndrome 

II. Other invasive infections: isolation of S. pyogenes  from a normally sterile site in 

patients not meeting the criterion for STSS 

A. Bacteraemia with no identified focus 

B. Focal infections with or without bacteraemia (included meningitis, peritonitis, 

pneumonia, puerperal sepsis, osteomyelitis, septic arthritis, necrotizing 

fasciitis, surgical wound infections, erysipelas, cellulitis) 

III. Scarlet fever 

IV. Non-invasive infections 

A. Mucous membrane 

B. Cutaneous 

V. Nonsuppurative sequelae 

A. Acute rheumatic fever 

B. Acute glomerulonephritis 

 

The USA Working Group further divided STSS into definite and probable according to 

whether a sterile site isolate was obtained or not, respectively.  Categorising STSS as a 

separate condition introduces a degree of overlap between the above categories, 

especially with group II, and precludes the possibility of describing the primary 

presentations of patients with STSS given the primacy of this presentation in their 
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hierarchical classification.  As such, and in consideration of STSS as a complication of 

streptococcal infection rather than a primary manifestation, many studies have classified 

STSS as a separate dimension across all clinical presentations. 

 

Adopting a clinically-based case definition for ongoing surveillance purposes is clearly 

more labour intensive than a definition based on microbiological results alone, and 

consequently adopted by few countries.  Many countries have tended to opt for a simple 

definition for surveillance purposes – isolation of S. pyogenes from blood and other 

sterile sites.  Two notable exceptions are Belgium, where isolates from deep ear sites 

were included in their routine case definition, and Australia (Victoria) where patients with 

pharyngeal isolates hospitalised for the treatment of quinsy were included. 

 

 
2.3.2. Impact of differences in case definition 

In comparing estimates of the overall burden of severe S. pyogenes disease between 

countries, it is important to take into account the different case definitions used for 

surveillance purposes.  Whereas routinely available data from the UK, Finland and 

France are based on blood culture isolates only (+/- CSF), most other countries monitor 

all sterile site isolates.  The majority of severe S. pyogenes infections result in 

bacteraemia, however, non-disseminated invasive infections have been found to 

account for around 10% of cases[6;73;103], although estimates as high as 24% have 

been documented[104].  This would therefore in part account for the differences in rates 

observed (Tables 2, 3).  Some countries, such as Norway, also monitor cases where the 

clinical presentation indicates a severe infection but without a sterile site isolate being 

obtained, increasing case numbers by around a quarter[52].  Surveillance in Belgium, 

which includes deep ear sites, adds approximately two-thirds more cases[57], although 

data for sterile site isolates are also available separately, as given in Table 2[61].   
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2.3.3. Sensitivity and specificity of surveillance systems 
Three key factors determine the sensitivity of national S. pyogenes surveillance systems 

1) failure to take a clinical sample at all, or pre initiation of antibiotic therapy 2) failure by 

the laboratory in correctly identifying the causative organism 3) failure to report the 

laboratory result (or refer the isolate) to the co-ordinating centre.  A further factor which 

may in the future impact on the sensitivity of microbiology-laboratory based surveillance 

is the use of near patient testing, should ward-based kits become available for analysis 

of blood cultures[105]. 

 

As an organism which is fairly easily identified by laboratories, specificity of laboratory 

results tends to be high, with results from the 2006/07 international external quality 

assessment scheme indicating 99% correct identification (1640 participants across 37 

countries)[106].  The biggest determinants of loss of sensitivity of surveillance systems 

come from either a failure to take clinical specimens or from a failure to report results to 

the co-ordinating centre.  With regard to the first of these, data illustrating the different 

thresholds or algorithms applied in clinical settings in different countries are difficult to 

come by.  Anecdotal reports suggest that in the resource-poorer countries within Europe, 

primarily those in the south, central and eastern Europe, clinical specimens are taken 

less commonly than among the wealthier nations, with patients being treated empirically 

on the basis of their symptomatology.  This is supported to a degree by data submitted 

from the participants of the European Antimicrobial Resistance Surveillance System 

(EARSS) on the rate of blood culture sets taken per 1000 bed-days (Figure 3, based on 

EARSS annual report 2006[107]).   
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Figure 3  Country-specific rates of blood culture sets taken per 1000 bed-days 
reported by laboratories participating in EARSS, 2004 

 

 

Loss of sensitivity due to under-reporting of laboratory diagnoses can be difficult to 

quantify unless independent sources exist to cross-validate.  In many countries coverage 

is known to be less than complete.  In some countries, such as the UK, coverage is very 

good although under-reporting by active laboratories is known to occur[108].  Studies 

which capture data from multiple sources allow us to evaluate the sensitivity of these 

systems.  For example, within the UK enhanced surveillance in 2000/01 of invasive 

Streptococcus agalactiae (Lancefield group B) disease captured and reconciled 

reference laboratory data and routine surveillance data with clinical (paediatrician) 

reports.  This identified an overall sensitivity of laboratory reporting (isolate referral and 

routine reporting combined) of 83%.  The degree of overlap between different sources 

can be used to perform a capture-recapture analysis to evaluate the true measure of 

incidence of a given disease[109].  However, unless the data sources are truly 

independent, this can easily overinflate estimates.  
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2.4. The burden of severe S. pyogenes infection at the turn of 
the millennium 

A recent review commissioned by WHO, published in 2005, estimated that 

approximately 660,000 cases of invasive S. pyogenes disease occur globally each 

year[110].  Measurement of incident cases has tended to be of the extent of most 

countries estimation of the burden of severe S. pyogenes disease.  Although such 

measures are of vital importance in detecting widespread changes, and reasonable for 

measuring the burden of acute diseases, they fail to provide a true measure of the 

burden of infection, which would require measuring the impact to the individuals, their 

families and to wider society.  Few studies have looked at the physical or psychological 

impact of these infections[111;112], and as such our evaluation of the burden of these 

diseases remains incomplete.   

 

 
2.4.1. Estimates of overall disease incidence in Europe 

Some interesting parallels emerge when comparing results from surveillance activities 

across Europe over the last decade.  Surveillance data from countries who have 

published five or more consecutive years’ results are shown in Figure 4.  Results from 

these primarily northern European countries show some interesting and not entirely 

uniform trends, although most exited the 1990s with higher rates of disease than they 

entered the decade.  Data from the Netherlands in particular contrast that from other 

countries, with rates of invasive S. pyogenes halving between 1995 (4.0 per 100,000) 

and 1999 (2.0/100,000), although an upturn was observed subsequently[113].  Most 

other countries showed reasonably consistent findings suggestive of an overall increase 

in incidence during the 1990s and into the 2000s, although trend patterns varied 

markedly from near linear to marked peaks and troughs.  Data from Scotland are among 

the most compelling, showing marked year-on-year rises from the mid 1990s onwards 

when rates of S. pyogenes bacteraemia rose from 1.5/100,000 in 1996 to 3.7/100,000 in 

2002, averaging at a 41% increase per year[85;86].  A more diluted rise in reports was 

also seen in England and Wales throughout the 1990s[114].  Data from Finland also 

showed a similar pattern, rising sharply from 1996 (1.2) to 2002 (3.0)[66].  Surveillance 

data from neighbouring Sweden (1993-1997) showed a less clear-cut pattern, rising 

sharply between 1993 and 1996 before dropping back again to a more stable annual 
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10. ANNEXES  

10.1. UK Strep-EURO questionnaire 

      

E N H A N C E D  S U R V E I L L A N C E  O F   

S E V E R E  G R O U P  A  
S T R E P T O C O C C A L  I N F E C T I O N  

              European Commission DG RTD QLK2.CT.2002.01398  Health Protection Agency use only 
strep-EURO ID  GB                received 

 

RSIL ref no: 0.…/….………../SA Name of laboratory…………………………………………………………………………………………………………………….….………. 

Your lab/hosp no……………………….. Isolate referred from (hospital & clinician name)... ……………………….……………………….…………………………………………. 

Address……………………………………………………………………………………………………………………………………………………………………………………………………... 

 IN STRICT CONFIDENCE                           � Please tick boxes or write in the space(s) provided (see notes overleaf)  
 

COMPLETED BY:…………..……………………………………

TELEPHONE NO.: ………………………………………..

TODAY'S DATE: .……/..……/………………..

ii) ISOLATE DETAILS     
·Date of specimen (dd/mm/yyyy  

·Isolated from:  blood        1      joint          2     wound         3      CSF        4    

    other (please specify) 

·Other relevant pathogens associated with this illness/episode?     
    yes       1 (please specify) 

    no    2   not known          9 

i) PATIENT DETAILS 
·patient’s initials                    SOUNDEX 

·date of birth (dd/mm/yyyy) 

   or age            years/months/days (please delete)       not known        999 

·male 1   female       2    not known         9 

·date of hospital admission (dd/mm/yyyy) 

·Ethnicity:   white        1      black Caribbean         2          black African         3 

   Indian/Pakistani/Bangladeshi        4        mixed background         5 

   other(please specify)                 not known         9  

          / /

iii) CLINICAL DETAILS     

·Clinical presentation:                bacteraemia                 septic arthritis        

  toxic shock-like syndrome              cellulitis                     pneumonia          

necrotising fasciitis                                         meningitis             puerperal sepsis          

erysipelas            other (please specify) 

 ·Degree of severity:     hypotensive shock               renal impairment     

    DIC               liver abnormality           respiratory distress                

  erythematous rash               soft-tissue necrosis                                    

  none of these                  not known         

·Clinical management:     

    admitted to I.T.U.? YES/NO/not known (please delete)    If YES,  no. days 
    spent in ITU (of  the 7 days following GAS isolation)             days 

    surgical intervention?   YES/NO/not known (please delete)    (please specify  

procedures)  

·Outcome (at one week after GAS isolation)  not known          9   alive        0 
     died – GAS infection was main/underlying cause of death          1 
             – GAS infection contributed to death (not main cause)        2 
             – GAS did not contribute to death        3    – cause unknown        4 

iv) EPIDEMIOLOGICAL INFORMATION 
·Risk factors:   steroid use             diabetes        injecting drug user 

      varicella                      non-steroidal anti-inflammatory drugs        

alcoholism            malignancy            skin lesion/wound         If YES:     

     trauma        1     insect bite        2              surgery         3  (please specify) 

 
    recent childbirth (last  4 weeks)            If YES: date:  
            vaginal deliver/caesarean section (please delete) 

    other risk factor/s including immunosupression or previous GAS  
      disease (within last 14 days) (please give details) 

 

 

   no identified risk factors               information not known       
·Other epidemiological information                                           

Occupation of patient:                                                                
Recent overseas travel (last 2 weeks)?  YES/NO/not known (please delete)  

  If YES, which country/ies? 
      

   Was the patient admitted from an institution? YES/NO/not known 
      If YES, what  type?  

   Was this infection hospital acquired? YES/NO/not known  (please delete)  

      Was this case related/contact of other case(s) of GAS disease?       
     YES/NO/not known (please delete)   If YES, please provide details -    

       relationship to this case: 

       date of onset/specimen of related case:  

       clinical presentation of related case: 

 
 

--- thank you for completing this questionnaire ---

        / /

/ /

/ /

/ /

ADDITIONAL INFORMATION  
Please provide any additional information of interest 
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E N H A N C E D  S U R V E I L L A N C E  O F   

S E V E R E  G R O U P  A  
S T R E P T O C O C C A L  I N F E C T I O N  

strep-EURO - is a three year European Commission Framework Five programme for severe group A streptococcal (GAS) disease in Europe, 
launched on 1st September 2002. Its aim is to enhance our understanding of the epidemiology of GAS invasive disease in Europe. In fulfilment 
of the aims of the programme, nine countries are undertaking enhanced surveillance and isolate collection for all cases of severe GAS disease 
occurring between 1st January 2003 and 31st December 2004.   It is hoped that this will provide valuable data to inform future treatment and 
vaccine strategies for severe GAS disease. The participating countries are Sweden, Germany, Finland, United Kingdom, Italy, Greece, 
Denmark, Czech Republic, Cyprus and Romania. 
Public Health Laboratory Service. Enhanced surveillance of invasive group A streptococcal infections. Commun Dis Report CDR Wkly [serial 
online] 2002 [cited 19 December  2002]; 12 (51).  

 
Guidance on the completion of the form - please complete one reporting form for each case diagnosed in your laboratory between 
1st January 2003 and 31st December 2004, meeting the following case definition of severe group A streptococcal disease: 
 

Isolation of a group A streptococcus (Streptococcus pyogenes) from a site that is normally sterile: blood; cerebrospinal 
fluid; joint aspirates; pericardial/peritoneal/pleural fluids; deep tissue or abscess at operation or necropsy; bone.  

 

Please complete as much of this form as possible and return in the pre-paid envelope to: Dr A Efstratiou, Health Protection Agency, 
Respiratory and Systemic Infection Laboratory, Specialist and Reference Microbiology Services Division, 61 Colindale Avenue, 
London NW9 5HT.  All information supplied will be treated as confidential; under no circumstances will individual case details be passed on to 
a third party. The following definitions will help with completion of the sections overleaf. 

If you have any queries on this questionnaire or surveillance programme, please contact  

Section i) & ii) 
��SOUNDEX – coding system for anonymisation of patient’s surname (e.g. L265).  Please supply if known. 
��date of hospital admission – please give the date the patient was admitted to hospital during this hospital stay 
��Other relevant pathogens associated with this illness – please state if any other organisms thought to be clinically significant to this

episode have been isolated from this/these site/s.  
 
Section iii) 
Clinical presentation 
��Toxic shock syndrome – please indicate for confirmed or possible cases, defined as ‘Isolation of a group A streptococcus with

hypotension (BP�90mm Hg) and two or more of the following: renal impairment, coagulopathy, liver abnormalities, acute respiratory
distress syndrome, extensive tissue necrosis, erythematous rash’. 

Degree of severity  - please indicate those that apply   
��Hypotensive shock – blood pressure �90mm Hg 
��Renal impairment – two-fold elevation of age-adjusted creatinine level (or higher) 
��DIC (disseminated intravascular coagulation) - thrombocytes <109/litre 
��Liver abnormality – raised sGOT, sGPT or two-fold elevation of bilirubin levels (or higher) 
��Soft tissue necrosis - fasciitis, myositis or gangrene 
Clinical management  
��Admitted to ITU – please indicate if the patient has as a result of this infection been admitted to an intensive care/therapy unit and how

many days were spent in ITU within the first week following GAS isolation  
��Surgical intervention – please describe, using OPCS-4 codes for surgical procedure/s if available  
Outcome – at one week after initial GAS isolation 
 
Section iv) 
Risk factors  - please tick any that apply, noting any other possible risk factors, including disease or treatment-related immunosuppression

and previous GAS disease (within the 14 days prior to this isolation) in the ‘other risk factors’ box.  Please describe any surgical
procedure/s, giving OPCS-4 codes if available.   

Other epidemiological information 
��Occupation – please state type if occupational exposure is thought to have possibly occurred 
��Admitted from an institution – please indicate if the patient was admitted to hospital directly from another closed institution and state

what type and which country if outside UK (e.g. transfer from Greek hospital, nursing home, prison) 
��Hospital acquired infection – defined as infection occurring �48 hours after hospital admission (including time in originating hospital in

the case of transfer) 

              European Commission DG RTD QLK2.CT.2002.01398 

Dr Androulla Efstratiou 020 8200 4400 ext.4270/4288.   
Thank you for your assistance in this surveillance programme 
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10.2. European Standard Population 

 
Age group (years) European Standard Population 

0 1,600 

1-4 6,400 

5-9 7,000 

10-14 7,000 

15-19 7,000 

20-24 7,000 

25-29 7,000 

30-34 7,000 

35-39 7,000 

40-44 7,000 

45-49 7,000 

50-54 7,000 

55-59 6,000 

60-64 5,000 

65-69 4,000 

70-74 3,000 

75-79 2,000 

80-84 1,000 

85+ 1,000 

Total 100,000 




