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s u m m a r y 

An outbreak of an uncommon emm type (emm66.0) of group A streptococcus (GAS) occurred in England 

and Wales between January 2016 and May 2017, involving 52 individuals who were homeless or injecting 

drugs users. In order to investigate the outbreak, epidemiological and network analysis were performed; 

moreover 55 isolates (32 outbreak, 5 non-outbreak and 13 historical – 2005–2015) were tested with 

whole genome sequencing (WGS), antimicrobial resistance determination, Bayesian evolutionary analysis 

(BEAST). 

Forty one isolates (including 32 outbreak strains) belonged to a single emm 66.0 clade (average SNP 

difference 6.6; range 0–16 SNPs) separate from the other isolates and two strains previously considered 

part of the outbreak (SNP average: 5876; range 93–8417 SNPs). Antibiotic resistance was not detected 

in the outbreak clone. No common source of infection was identified. WGS confirmed expansion of an 

emm 66.0 clone in a hard-to-reach population and enabled refinement of the initial case definition. 

© 2019 Published by Elsevier Ltd on behalf of The British Infection Association. 
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ntroduction 

Streptococcus pyogenes or group A streptococcus (GAS) can cause

everal mild to life-threatening infections. Age, intravenous drug

se, problematic alcohol use, immunosuppression and presence of

hronic disease (diabetes mellitus, cancer, or HIV) are the main risk

actors for invasive disease among adults. 1 GAS infections are de-

ned as invasive (iGAS) based on isolation of the pathogen from

lood or other sterile sites. Globally, the occurrence of iGAS has

ncreased during the last decade with an estimate incidence from

 to 4 per 10 0,0 0 0 in developed countries. 2 

In September 2016, a cluster of seven iGAS cases, of which 3

ere attributed to type emm 66, was detected by the local Health
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rotection Team (HPT) among people who inject drugs (PWID) or

ere street homeless in a city in the south of England. A local out-

reak control team (OCT) was established in October 2016, whose

nterim finding until January 2017 were previously reported. 3 From

urveillance data in England and Wales, emm 66 iGAS infection had

arely been reported prior to 2016, in either the general commu-

ity or high risk populations. 3 There are limited reports of type

mm 66 internationally. 4,5 

This study was undertaken with the objective of describing

mm 66 GAS outbreak genetic phylogeny and identifying antimi-

robial resistance determinants within isolates collected during

he outbreak caused by a rare emm type in PWID and homeless

eople. The outbreak isolates have been compared with those

ollected in the previous 10 years (2005–2015) in order to deter-

ine if the outbreak was attributed to multiple variants of emm 66,

ntroduction of a new strain or expansion of a circulating historical

train. 
. 
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Table 1 

Description of the isolates and analysis performed. 

Isolate type Isolate Total N. of isolates emm type Collection period Epidemiological 

data collection 

Questionnaire 

issued 

WGS, AMR 

analysis 

Outbreak case 52 32 emm 66.0 1 Jan 2016–11 Feb 2017 Yes Yes b Yes 

20 emm 66.0 12 Feb 2017–23 May 2017 Yes Yes b No 

Non-outbreak case 12 4 emm 66.0 1 Jan 2016–11 Feb 2017 Yes No Yes 

1 emm 66.1 

7 emm 66.0 12 Feb 2017–23 May 2017 Yes No No 

Historical 18 14 emm 66.0 1 Jan 2005–31 Dec 2015 No a No Yes 

4 emm 66.1 

a Basic demographic information only, obtained from laboratory iGAS referral forms. 
b Questionnaire delivered to 32/52 outbreak cases. 
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Methods 

Case numbers and analyses are listed in Table 1 . 

Case definitions and epidemiological information 

‘Outbreak cases’ were defined as individuals with confirmed

GAS type emm 66.0 (invasive or non-invasive) in England and

Wales, with sample date from 1 January 2016 to 23 May 2017,

who were, or were epidemiologically linked to someone who was,

PWID, homeless or reporting problematic alcohol use. All outbreak

cases fell within 10 SNPs on average, when WGS results were

available. 

‘Non-outbreak cases” were defined as having confirmed GAS

type emm 66 infection (invasive or non-invasive) in England and

Wales, with sample date from 1 January 2016 to 23 May 2017,

without the risk factors listed in the case definition or known epi-

demiological links to outbreak cases. 

‘Historical cases’ were defined as any GAS emm 66 case in Eng-

land and Wales with sample date prior to the outbreak 1 January

2005 to 31 December 2015. 

‘SNP outbreak cluster’ was defined as any isolate with WGS re-

sults collected between 2005 and February 2017 genetically clus-

tered within the same 10 SNPs average of the defined outbreak

cases cluster. 

Thus isolates from cases that were epidemiologically defined as

non-outbreak and historical cases, were considered as part of ‘SNP

outbreak cluster’ whether they comply the definition. 

Individuals with re-infections due to the same strain as identi-

fied on WGS were only counted once, using the date of the initial

infection. 

Epidemiological information on possible route of transmission

and behaviour were collected and analysed as described in Bundle

et al. 3 Following the outbreak alert, 6 non invasive GAS infections

were also included in the analysis. 

The age and sex distribution of outbreak and non-outbreak

cases were compared using Mann-Whitney and Fisher’s exact tests,

respectively. The epidemiological analysis was undertaken in R

v3.2.2 7 and Stata v14. 8 Network analysis was carried out using

yED version 3.17 9 to evaluate common exposures and geographi-

cal links between outbreak cases. 

Microbiological analysis 

Identification and typing 

Initial microbiological analysis was performed at local level and

in cases of invasive infection, isolates were sent to the Public

Health England (PHE) reference laboratory for further characteriza-

tion. Risk factor status such as PWID was sporadically documented

on isolate referral forms. 

Routine emm typing and subtyping was undertaken on referred

isolates as described in the CDC guidelines. 10 
rends in background emm type distribution 

Reference laboratory data from January 2005 to December 2015

ere analysed to determine historic trends in iGAS emm types and

he number of iGAS samples referred from PWID. The emm type

istribution among PWID from 2016–2017 was reviewed. 

hole genome sequencing (WGS) analysis 

Whole genome sequencing (WGS) was performed on a subset of

vailable isolates collected from 32/52 outbreak cases, with sample

ollection date between 1 st January 2016 and 12 th February 2017

 Table 1 ). In the WGS analysis 5/12 non-outbreak cases and all 18

istorical emm 66 isolates collected at the national reference labo-

atory from 2005 to 2015 were included ( Table 1 ). 

DNA was extracted using the QIAsymphony SP automated in-

trument (Qiagen) and QIAsymphony DSP DNA Mini Kit after a

re-lysis step of the bacteria with mutanolysin and lysozyme. DNA

ibrary was made using Nextera XT DNA Library Preparation Kit

Illumina, San Diego, CA, USA) and sequencing performed using a

iSeq 2500 System (Illumina, San Diego, CA, USA) and the 2 × 100-

p paired-end mode. The quality of all sequences and the output

s FASTQ files were evaluated as previously described. 11 A maxi-

um likelihood (ML) tree was generated by first mapping the ob-

ained reads with a complete and annotated genome of an unre-

ated emm 66.0 strain from northern France. 12 SNPs were extracted

y mapping with BWA to the reference genome 12 and variants us-

ng GATK. Then a multiple FASTA file including all sequences anal-

sed using RAxML was created. 11 Only core genome was included

nto the SNPs analysis. Single nucleotide polymorphisms (SNP) and

ayesian evolutionary (BEAST) analyses were performed according

o published methods. 13 

ntimicrobial resistance (AMR) and multilocus sequence type analysis

MLST) 

Phenotypic antibiotic susceptibility was evaluated using agar di-

ution 

14 with antibiotics and concentrations listed in supplemen-

ary Table 1. Multilocus sequence typing (MLST) profile was also

erformed from the WGS analysis. 

Genomic analysis for the presence/absence analysis of genetic

arkers of antimicrobial resistance was undertaken using Gene-

NNOTation; 15 presence of a resistance gene was based on > 90%

ucleotide identity with the reference full length sequence. 

esults 

pidemiological results 

A total of 52 cases fulfilled the outbreak case definition whereas

2 fitted into the non-outbreak group. 

Males were dominant among both outbreak (39/52) and non-

utbreak cases (12/12) cases with no difference in the sex distri-

ution ( P = 0.1044). Outbreak cases were significantly younger (me-

ian age 38 years; range 25–68) than the non-outbreak cases (me-

ian age 69 years; range 35–91 years) ( P = 0.0 0 04). 
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Fig. 1. Network map summarising links between cases by town, place and social contact, outbreak and non-outbreak cases of GAS and iGAS emm 66.0 and emm 66.1, England 

and Wales, 5 January 2016 to 21 May 2017. 

Primary risk factor shown by shirt colour: green PWID (may share other factors); orange homeless only; blue problematic alcohol uses only; grey presence of risk factors 

unknown. Infection shown by shading of text – Blue: non-invasive GAS. (For interpretation of the references to colour in this figure legend, the reader is referred to the web 

version of this article.) 
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outbreak case. 
Overall, 41/52 (79%) of the outbreak cases were PWID, of whom

4 were also homeless. 

The first cluster of cases occurred in Town B in south–east Eng-

and with steady geographical spread to other regions of England

nd South Wales and temporal clustering in many of the affected

owns ( Fig. 1 ). Network analysis ( Fig. 1 ) revealed a number of links
etween outbreak cases within, but not between, towns. A poten-

ial link was identified for Case 15 (from Town F) who reported

ocial contact with someone from Town B prior to illness. Town J,

own B, Town K and Town F had both outbreak and non-outbreak

ases whereas Town C, Town N and Town O had only single non-
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Microbiological findings 

Trends in emm type distribution 

A total of 20405 isolates were emm- typed between January

2005 and December 2015 by the reference laboratory, of which 177

(0.9%) had PWID on the referral form. The type distribution of iGAS

isolates among the remainder, showed a predominance of emm 1

(4981/20228; 25%) followed by emm 3 (12%), emm 89 (11%) and

emm 12 (9%). Among GAS/iGAS known to be from PWID from the

same period emm 89 was predominant (30/177; 17%), followed by

emm 87 (15/177, 8%), emm 75 (13/177, 7%) and emm 94 (3%). The dis-

tribution of emm types among patients identified as PWID changed

when comparing the 2005–15 and 2016–17 periods, with a notable

predominance of emm 66 due to its emergence in 2016 through this

outbreak ( Fig. 2 ). Emm 66 made up 2.3% (64/2767) of all GAS refer-

rals to the national laboratory in 2016 and 2017 (until 23 May).

In 2016, emm 66 was the most detected type (39%) among PWID,

followed by emm 89 (14%). 

Typing results 

Typing with Sanger sequencing was performed on all 64 iso-

lates collected during the outbreak period. All 52 outbreak cases

and 11 non-outbreak cases were all typed as emm 66.0 and one

non-outbreak case was typed as emm 66.1. Historical cases were

typed with the same method: among the 18 historical isolates, 13

were emm 66.0 and 5 were emm 66.1; eight were collected in 2015

and 10 from 2005 to 2014. Information on risk factors was avail-

able for only two historical isolates: one was a homeless individual

with isolate collected in 2013 and typed as emm 66.1, the other was

PWID with sample collected in 2015 and typed as emm 66.0. 

WGS analysis 

WGS analysis was performed on a subset of isolates and led to

a revision of the case definitions as it was previously reported into

the initial description of the outbreak investigation. 3 

Following the current case definitions, the SNP outbreak cluster

consisted of all outbreak cases ( n = 32), 3 non-outbreak cases and 6

historical isolates collected in 2015 and typed with Sanger method

as emm 66.0. ( Figs. 3 and 4 ). Overall, an average of 6.6 SNPs differ-

ence (range: 0–16 SNPs) was observed within this cluster, and 95.2

SNPs difference on average (range: 90–102 SNPs) with the three

2013 emm 66.0 isolates included into the same branch ( Figs. 3, 4

and Supplementary Table 2). 

The reference strain was 32 SNPs difference on average from

the SNP outbreak cluster ( Fig. 4 ). 

The remaining isolates, including the emm 66.0 historical iso-

lates from 2005 to 2013, the two emm 66.1 historical isolates from

2015 and the emm 66.1 non-outbreak isolate from 2016, were dis-

tinguished from the SNP outbreak cluster by more than 80 0 0 SNPs

on average (range: 7853–8420) ( Fig. 3 , Supplementary Table 2). 

A total of seven 0 SNPs difference clusters were observed in

six different geographical locations. Five 0 SNPs difference clus-

ters were observed within one Town, whereas the remaining two 0

SNPs clusters included isolates from two and three different towns,

respectively. The average SNP differences within the towns was

less than 5 SNPs ( range: 0.5–4.3); while between towns it ranged

from 0.5 to 14.4 SNPs. Samples from Town G showed a range of

7.4–13.4 SNPs difference with the other cities and 0.6 SNP dif-

ference on average within the city: all cases were street home-

less with three cases linked in time (August–September 2016) and

through anecdotal reports of sharing needles or drugs ( Fig. 1 ). In

Town F, all seven cases included in the analysis showed a mini-

mal SNPs difference ranging from 0 to 6 SNPs (average: 1.6 SNPs),

clustering in time (April–December 2016), and six of them were

linked through the same community drug service. The remaining

case (no.9) reported “use of drugs in each other’s presence” with
ase no.11 ( Fig. 1 ), the two showing 0 SNPs and infection less than

ne month apart. The two Town E cases were linked by sharing

he same hostel, and the SNPs analysis showed 1 SNP difference. 

The evolutionary rate was calculated as 9 bases per year ac-

ording to BEAST analysis of all non-identical emm 66.0 sequences

ncluded in the SNP outbreak cluster. 

ntimicrobial resistance and MLST results 

Phenotypic or genetic markers of resistance were not detected

n any outbreak isolates. The same MLST profile (8,7,8,8,9,3,1),

dentifying the sequence type 44, was observed in all isolates clus-

ered into the SNP outbreak cluster (supplementary Table 2). 

iscussion 

We detected and characterised the genomic sequences of a na-

ional outbreak caused by emm 66.0 strains and involving 52 cases

mong PWID, homeless individuals and people reporting problem-

tic alcohol use with sample collection date from January 2016 to

ay 2017. No single source of infection has been identified. The ge-

omic analysis led to detection of a specific outbreak lineage and

elped refine the case definition. In fact, the initial case definition

onsidered part of the outbreak all individuals with one or more

isk factors, epidemiological links and isolate resulted emm 66 by

anger method analysis. 3 Therefore, initially the outbreak included

lso one case resulted emm 66.1, that analysed with WGS method

esult a different clone with more than 80 0 0 SNPs (in Fig. 3 re-

orted as non-outbreak case 2) and one individual with a sample

yped as emm 66.0, but with 93 SNPs difference from the outbreak

luster (in Fig. 3 reported as non-outbreak case 3) 

This under-served population has already been described as

usceptible to invasive GAS infections and several studies have as-

ociated the use of illicit drugs, homelessness or problematic use

f alcohol with an increased risk of invasive GAS infection. 1,16,17 An

utbreak of iGAS/GAS among homeless individuals in Alaska asso-

iated with another rare type, emm 26.3, was recently described. 18 

 descriptive study on a Spanish population with iGAS identi-

ed that the risk of invasive infection increased where both in-

ecting drug use and homelessness were present; 17 this combi-

ation of risk factors was found in 46% (24/52) of our outbreak

ases, although it was not possible to test for an association be-

ween homelessness, injecting drug use and iGAS infection since

isk factor information was not available for our comparator histor-

cal patients. Outbreak cases were representative of the wider UK

WID population in terms of sex, age and we identified no notable

hanges in drug using practice in the period before illness. 19 –22 

urthermore, there was no difference in terms of age, sex, mortal-

ty (only 1/52 cases died) and those described in previous studies

n this population. 2 , 20–22 

It has been reported that the emm type distribution among

WID population and those without reported risk factors may dif-

er. 23 In our setting, comparison of the emm distribution data, col-

ected from the iGAS surveillance data before the outbreak detec-

ion (2005 −2015), indicated that emm 1 (30%) was predominant

mongst the general community and that emm 89 (14%) was the

ost frequent emm type among the reported PWID. In 2016–2017

he most common emm type among PWID was emm 66, represent-

ng about 39% of all GAS infections reported in this population

rom January 2016, which may have been partially enhanced by

ctive case-finding. 

The high similarity (6.6 SNPs difference on average) of se-

uences from historical emm 66.0 isolates collected in 2015 and

he currently investigated SNP outbreak cases cluster suggested

his emm clone may have appeared in the UK in 2015. Conceiv-

bly, it may have started to circulate in the south of England in

013 and slowly spread throughout the south-centre of England
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Fig. 2. Distribution of the six most common emm types causing iGAS in PWID, England and Wales, from January 2005 to December 2015 (A) and from 2016 to 2017 (B). 
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Fig. 3. Maximum likelihood phylogenetic tree including all 55 isolates sequenced both emm66.0 and emm66.1, 2005–2017. In bold are reported the outbreak, non-outbreak 

and historical cases fulfilling the SNP outbreak case definition, resulting all isolates within 6.6 SNPs difference on average. In italics is reported the reference strain used to 

build the phylogenetic tree. The historical and non-outbreak strains excluded from the outbreak cluster because showing more than 10 SNPs difference on average are also 

reported in regular format. The bootstrap value is reported in correspondence of the nodes. The square bracket indicates the isolates collected from outbreak cases. 
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Fig. 4. Maximum likelihood phylogenetic tree including the 32 outbreak cases, the 3 non-outbreak cases and 6 historical isolates collected in 2015 that clustered together 

with 6.6 SNPs difference on average. In this subtree, the reference strain with 32 SNPs difference on average with the outbreak clade was reported along with 3 historical 

isolates collected in 2013 and one non-outbreak case with 96 and 93 SNPs difference on average with the outbreak clade. 
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and into Wales, continuing to spread further north since the out-

break was detected (data not shown). Lower SNP variation was ob-

served within towns ( < 5 SNPs difference) suggesting local circula-

tion. Inferred direct transmission was observed in a cluster in Town

F with six patients linked by the same community drug service,

of which two persons reported use of drugs in “each other ́s pres-

ence”, from which bacterial isolates were 0 SNP apart. Other pos-

sible sources of infection, such as contaminated drugs or a com-

mon dealer are highly unlikely for a number of reasons, including

the temporal and geographical spread of cases. The non-availability

of drug batch samples and wrappers for testing preclude the pos-

sibility to investigate differences to usual drug taking methods;

however, the requirement of acid/heat treatment before the use of

drugs would certainly compromise the ability of the pathogen to

survive. 

The close clustering (average 32 SNP difference) of the refer-

ence strain taken from Brittany, France in 2013 12 with the outbreak

strains was unexpected, and considering the evolutionary rate of 9

bases per year calculated with the BEAST analysis, it is plausible

that the UK introduction was of an ancestor of the French emm 66.0

strain. It must be noted however, that conclusions from SNP varia-

tion in context with contemporary circulating isolates may be dif-

ficult and in the present study comprised only historical isolates

dating from 2005, lacking non-invasive contemporary isolates. 

It has been demonstrated that different emm types can have

various levels of SNP variation with the historical isolates 13 , 22–24 

and that the evolution of strains can also lead to highly success-

ful new strains, such as non-capsulated emm 89 strain described

by Turner et al. 24 Therefore, for the SNP case definition a 10 SNPs

difference average was chosen as cut-off to describe the outbreak

strains, as described elsewhere. 22 Finally, the clonal expansion was

supported from the MLST and AMR analyses; in fact, all isolates

fitting the SNP outbreak case definition showed the identical MLST

profile and sequence type and AMR profile. Our investigation has

some limitations, including difficulties in interviewing the affected

population, lack of routine reporting of risk factors and the lim-

ited number of isolates available from the general population. In

particular, the interviews were especially difficult to conduct for

cases identified retrospectively. Accurately establishing networks of

contacts poses challenges for investigation and control to disrupt

transmission. This problem, and the spread in time and location,

may at least in part explain why we were unable to find evidence

to support direct transmission between cases in different towns.

Asymptomatic carriage by third parties was also a possible source

of transmission that could not be readily investigated. 

Risk factors and comorbidities are not routinely collected in na-

tional surveillance; therefore, the status of PWID with homeless-

ness was reported only for one iGAS emm 66.0 historical patient

collected in 2015, though in two more cases of the same year,

the site of infection (left groin abscess and ankle tissue) suggested

PWID status. 

It is important to consider that in our population SNP and

BEAST analyses were limited by access to a small number of iso-

lates overall and very few from the general population, due to the

rarity of the emm 66 strain, therefore it was not possible to com-

pare the outbreak strain with the concurrent emm 66.0 strains cir-

culating in asymptomatic or non-invasive infections in the general

and/or risk populations. 

It is also likely that additional cases of infection with the

present clone were not detected and that the identified infections

represent an underestimate of the overall infection in the popula-

tion with this clonal lineage of GAS. 

In conclusion, the emm 66.0 outbreak was attributed to a dis-

tinct clone that was most likely introduced in England and Wales

in 2015, spreading preferentially among PWID, causing sporadic in-
ections in the general population. No data were available, how-

ver, on symptom-free carriage of this strain. 

WGS analysis enabled description of the extension of the out-

reak, the redefinition of the case definition, increased under-

tanding of the circulating strain and evaluation of its evolution-

ry rate, highlighting the value of this technique in the outbreak

nvestigation. 

The route of transmission has not been identified and drug con-

amination has been considered a very unlikely hypothesis. Plausi-

le potential person-to-person transmission routes include respi-

atory/close contact and/or oral activity linked with the drug use

nd/or sharing injecting equipment/sexual activity. 

Future cluster and outbreak analysis may benefit from the use

f WGS, for example in scenarios with limited access to epidemio-

ogical data or scarce knowledge of the pathogen, as shown in this

utbreak investigation where a hard-to-reach population and a less

ommon streptococcal type were involved. 

The importance of hygienic and safe injecting practices in

WID, and early seeking healthcare for wound infections remain

mportant preventative measures in reducing the risk of invasive

nfections. Drug and alcohol services and others including HPTs

orking with the affected populations should share information to

romote detection. 
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