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Streptococcus pyogenes is one of the most important human
pathogens isolated in the clinical diagnostic microbiology
laboratory. It is carried asymptomatically, usually in the
upper respiratory tract, in 5–30% of healthy individuals.1
It also causes a wide spectrum of disease, ranging from
superficial skin infection and pharyngitis to more invasive
disease such as bacteraemia, necrotising fasciitis and
streptococcal toxic shock syndrome (streptococcal TSS).
Death occurs in 10–15% of patients with invasive S. pyogenes
infection,2 with mortality from streptococcal TSS reported
at up to 44%.3 S. pyogenes infection is also causally linked
with delayed non-suppurative post-streptococcal sequelae
such as acute rheumatic fever and glomerulonephritis.4
S. pyogenes is classified as group A Streptococcus (GAS) by
Lancefield grouping.5
The incidence of invasive group A Streptococcus (iGAS)
disease in Ireland has been increasing since April 2012, with
a further increase during 2013. From 1 January to 30 June
2013 there were 102 cases of iGAS reported in Ireland (a rate
of 2.22 cases per 100,000 population). This is a significant
increase from 78 cases for the same time period in 2012
(a rate of 1.70 per 100,000 population) and 48 cases for the
same period in 2011 (a rate of 1.05 per 100,000 population),
giving an increase of 213% since 2011.6,7
Group A streptococcal infections in England have also
increased in 2012/2013, with higher numbers of iGAS isolates
being referred to the Respiratory and Vaccine Preventable
Bacteria Reference Unit between January and March 2013,
compared with average referrals over the previous three
years. A total of 1038 iGAS cases were referred in 2012/2013,
compared to 691 for 2011/2012 and 907 for 2008/2009, the
last peak season for iGAS referral.8 It is important that
patients with GAS infections are identified and treated
promptly to ensure the best outcome for the patient and for
the implementation of infection control precautions to
minimise the risk of transmission to other patients and
hospital staff.9
Routine isolation of GAS from clinical specimens is based
on the organism’s ability to produce a zone of complete
haemolysis on blood agar (β-haemolysis) after incubation
under aerobic or anaerobic conditions. Further identification
is performed on colonies that produce this zone of
haemolysis.
This study reports the identification of two unrelated
isolates of S. pyogenes at Waterford Regional Hospital in June
2013, which lacked the ability to produce β-haemolysis
under various incubation conditions. The first isolate was
from a three-year-old male presenting with an abscess on
the finger. The second isolate was from an 18-year-old male
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who also presented with an abscess. The isolates were
identified after 24-h incubation at 37˚C in CO2 and 48-h in
anaerobic conditions. The isolates were both slightly
α-haemolytic on Columbia blood agar. Neither isolate grew
on MacConkey agar.
Both isolates were identified as S. pyogenes using the
matrix-assisted laser desorption/ionisation-time of flight
(MALDI-TOF) Biotyper 3.0 (Bruker Daltonics, Germany) and
Rapid ID 32 Strep system (bioMérieux, Lyon, France). The
isolates reacted as Lancefield group A Streptococcus by
Streptex (Thermo Scientific, Kent, UK). Both isolates were
catalase-negative and were pyrrolidonyl arylamidase (PYR)positive by the Rapid ID 32 Strep system (bioMérieux). Both
isolates were sensitive to penicillin, erythromycin,
vancomycin and teicoplanin by disk diffusion using CLSI
guidelines.10 Owing to the lack of β-haemolysis, both isolates
were sent to the Epidemiology and Molecular Biology Unit,
Children’s University Hospital, Temple Street, Dublin, for
emm sequence typing.
The isolation of S. pyogenes in the routine clinical
microbiology laboratory from normally non-sterile sites (e.g.,
throat swabs) relies on the production of a zone of
β-haemolysis on blood agar. This is used to distinguish
pathogenic β-haemolytic streptococci from non-haemolytic
bacteria, including non-haemolytic streptococci that are part
of the normal flora of the throat. Isolates of S. pyogenes that
do not produce β-haemolysis are indistinguishable from
normal throat flora on blood agar and could therefore be
disregarded, leading to the reporting of false-negative
results.
The two non-β-haemolytic S. pyogenes isolates from the
authors’ laboratory were identified as they were both
isolated from abscess sites. If either of these two isolates had
been present in a mixed culture from a non-sterile site swab
(e.g., throat swab) they would have been indistinguishable
from normal flora on blood agar.
S. pyogenes is a commonly isolated pathogens from throat
swabs. In the authors’ laboratory, GAS were isolated from
278 out of a total 1661 throat swabs tested between 1 January
and 30 June 2013 (16.7%). This compares to 301/1546 (19.5%)
for the same six-month period in 2012, and 169/1299 (13%)
for the same six months in 2011. These isolates were initially
identified based on the presence of β-haemolysis on blood
agar, with further identification to designate them as GAS.
Non-β-haemolytic variants of S. pyogenes have been
described in the literature previously. An epidemic of
pharyngitis due to non-haemolytic group A Streptococcus was
reported in 1971 from an Air Force Base in the USA. In this
report, non-haemolytic group A streptococci were found in
118 throat cultures, including six cases of rheumatic fever
following the outbreak.11 This demonstrates that infections
caused by non-haemolytic strains of S. pyogenes have the
potential to produce the same sequelae as haemolytic strains.
The prevalence of non-haemolytic strains of S. pyogenes is
thought to be low. A three-month study of 361 throat swabs
in New Zealand found that 3% of group A streptococcal
isolates were non-haemolytic (two out of 64 GAS isolates).12
In a Japanese study, nine isolates were found to be nonhaemolytic among 818 group A streptococcal isolates
(1.1%) from a total of 1690 throat or ear swabs tested
between November 2006 and March 2009.13 In a Canadian
study of 216 throat swabs, one yielded non-haemolytic
S. pyogenes.14
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Non-β-haemolytic S. pyogenes has also been reported as a
causative agent in iGAS infection. In this case, an initial
throat swab was reported as S. pyogenes culture-negative.14
There are also reports of bacteraemia,15 fatal pneumonia16
and fatal sepsis17 due to non-haemolytic S. pyogenes. Cases of
iGAS have a high fatality rate.3
There is some evidence of person-to-person transmission
of non-β-haemolytic S. pyogenes in the literature. Yoshino
et al.13 suggest that emm type 12 variants of non-haemolytic S.
pyogenes spread horizontally. In their study, six out of nine
non-haemolytic emm type 12 S. pyogenes isolates were found
between February and November 2008 in the same
geographical region.13 As previously mentioned, James et al.
reported an epidemic of non-haemolytic GAS pharyngitis at
Lowry Air Force Base, which also suggests horizontal
transmission.11
The isolates from the authors’ laboratory were typed as
emm type 58 and emm type 75. Non-haemolytic S. pyogenes
emm type 58 has previously been reported as a rare cause
of bacteremia.15 Weightman et al. reported on two
epidemiologically unrelated patients who had septicaemia
caused by non-haemolytic strains of S. pyogenes, both of
which were emm type 58.15
The genetic mechanism responsible for lack of
β-haemolysis in S. pyogenes variants has been examined in
various studies.13,18,19 It is likely that mutations in the sag
operon cause a lack of production of streptolysin S, which is
responsible for the haemolytic zones characteristic of
S. pyogenes.13 Jantsch et al. also looked at the role of
the sag operon in relation to the absence of β-haemolysis.
The focus of their study was an isolate that had caused a
severe soft tissue infection. They found that the lack
of haemolysis in this isolate was due to a premature
stop mutation in the sagC gene. Reintroduction of the
full-length version of the mutated gene using a plasmid
vector restored the β-haemolytic phenotype in this
isolate.18
Datta et al. have previously shown that sagA, sagB, sagC,
sagD, sagE, sagF and sagG are each individually required for
streptolysin S production.19 Detection of non-haemolytic
variants was shown to be enhanced using a selective and
differential agar in a New Zealand study. CNA-P agar
contains colisitin, nalidixic acid and pH 7.5-adjusted PIPES
buffer. This agar enhances streptolysin activity among
isolates that had been non-β-haemolytic on conventional
blood agar.12,20
In conclusion, although the incidence of non-haemolytic
variants of S. pyogenes is thought to be rare, clinical
microbiologists should be aware that it is a possibility. The
prevalence of non-β-haemolytic variants of S. pyogenes
remains unclear. There is evidence in the literature to
demonstrate that non-haemolytic variants of S. pyogenes can
cause the same spectrum of infections clinically as typical
β-haemolytic strains of S. pyogenes. It is likely that a low
percentage (1–3%)12,13 of S. pyogenes isolates are non-βhaemolytic and therefore a low percentage of GAS throat
infections may be undiagnosed due to the absence of
β-haemolysis on blood agar. Given the recent increase both
in invasive and non–invasive GAS infections observed in
Ireland, England and parts of northern Europe, 3,6–8,21
awareness of the existence of non-β-haemolytic variants is of
increased importance to ensure prompt and accurate
laboratory diagnosis.
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