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Abstract
Aims A prospective observational study was conducted in Royal Marines (RM) recruits to investigate throat carriage of group A Streptococcus (GAS) and incidence of soft tissue infections. 
Methods 1012 RM recruits were followed through a 32-week training programme, with throat swabs being obtained in weeks 1, 6, 15, and 32. Alongside a separate cohort of 46 RM Young Officers (YO) undergoing training were sampled in parallel. 
Results Carriage of group A Streptococcus was detected in only 5/1012 (0.49%) recruits at the beginning of training and remained low throughout training. There was no association between GAS carriage and development of soft tissue infection. There was no carriage of GAS in the smaller YO cohort at the start of training, (0/46). At week 6, a surge in GAS carriage was detected in 8/46 (17%) YO, that could be ascribed to a cluster of GAS genotype emm83. 
Conclusions Asymptomatic GAS carriage is very infrequent among young adults in England and this should be borne in mind when considering the relevance of a positive throat swab result in symptomatic patients or outbreaks. Despite low prevalence, there is however potential for GAS to rapidly and transiently disseminate among adults during outbreaks.
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Introduction
There are very few studies that quantify asymptomatic throat carriage of group A Streptococcus (GAS) in adults, yet the throat represents the main reservoir for more serious GAS infections (1) and during outbreaks of invasive GAS disease, throat carriers are often sought . Skin and soft tissue infections (SSTI) account for one third of all admissions to the Medical Centre at the Commando Training Centre Royal Marines (CTCRM), Lympstone, United Kingdom (2) and account for significant morbidity; 6-10% of those admitted to the medical centre for SSTI require referral to hospital for intravenous antibiotic treatment  and 1% require level 3 care (2, 3). Whilst rarely resulting in a medical discharge or long-term morbidity, SSTI result in a high cost burden for the Ministry of Defence (MOD) due to loss of training time, an increase in back trooping (movement of recruits from one training group, or troop, to another), increased antibiotic use, and increases in Medical Centre admissions, not including hospital admission cost (3). As GAS is one of the most common pathogens responsible for SSTI, better understanding of the reservoirs of GAS in this population is required.
High carriage rates of GAS have previously been linked to disease outbreaks in the US military (4-6). For example, Crum et al (7) reported a pharyngeal carriage rate of 16% during an GAS emm3-associated pneumonia outbreak in 2002. This study therefore set out to determine GAS carriage rates in two military cohorts undergoing training in England, and to determine any association with SSTI.
Methods
Study population
All Royal Marines (RM) recruits, and an additional cohort of Young Officers (YO), who started training between May 2011 and May 2013 were invited to join the study at the start of training. Informed consent for sampling and case note review was obtained from 1012 of 1104 RM recruits and 46 of 55 YOs. The study was approved by the Ministry of Defence Research Ethics Committee (MODREC 172/Gen/10). The 1012 consented Royal Marine recruits were divided between 21 troops:  The first troop entered training in May 2011 with subsequent troops starting at 2-week intervals up to completion of the study in May 2013.  The cohort of 46 consented YOs started a 60 week training programme in Sep 2011. RM recruits are aged 16 - 32 years, and have passed a basic medical assessment with no minimum qualification requirement for entry, while YOs are aged 18 - 25 years,  medically fit, and have met a required standard in secondary level education and officer training. Although, the RM recruits and YOs were present at the same Centre (Commando Training Centre Royal Marines, CTCRM), training, housing and catering were in separate locations.   The RM recruits were grouped in troops consisting of approximately 40 individuals per troop and housed together for the first 2 weeks of training, then were housed in 6-man rooms.  Individual RM recruits slept in single beds separated by a wardrobe. In comparison, the YOs slept in single rooms, although the YOs trained and ate together. The first exercise for each troop and YOs was in week 2 after start of training RM . Throughout training, study participants had contact with people outside their own troop, including other recruits, instructors, civilian and military staff in the Centre (mess halls, gymnasium and medical centre) and during periods of leave when they may return home (certain weekends, Easter (April), August, and Christmas (December). 
Sample Collection and bacterial isolation
On day 1 of weeks 1, 6, 15 and 32 a nose and throat swab was obtained from each participating RM recruit for bacterial culture. The separate group of YOs were recruited in parallel sampled on day 1 of weeks 1 (Sep) and 6 (Oct) and 40 (Jun) of their 60-week training programme.  The swabs were placed in Amies transport media with charcoal and stored for less than 2 days at 4 °C.  The swabs were inoculated onto 5% sheep Columbian blood agar and Streptococcus CNA (colistin and nalidixic acid) plates.  The blood agar plates were incubated anaerobically and the Streptococcus plates aerobically at 37 °C.  Plates were examined at 24 hours for typical growth and then re-incubated for a further 24 hours if no evidence of GAS.  If typical GAS colonies were seen then a Gram stain was performed.  If Gram-positive cocci were observed then a catalase test performed and if negative a PathoDx Streptococcus A latex agglutination test.  A carrier was defined by at least one GAS colony being identified. Isolates underwent antimicrobial susceptibility testing and emm type determination. 
Antimicrobial susceptibility testing
Antimicrobial susceptibility testing was carried out in accordance with European Committee on Antimicrobial Susceptibility Testing (EUCAST) disc diffusion methods (8). All susceptibilities were called in reference to EUCAST breakpoint tables.
Emm Typing
Bacterial DNA was extracted as previously described by Pospiech et al (9). Emm typing was carried out in accordance with the Centers for Disease Control and Prevention (CDC) emm typing PCR protocol using the sequencing primer emmseq2 – TATTCGCTTAGAAAATTAAAAACAGG (10). Sequenced amplicons were then blasted against the CDC database to determine specific emm type.
Case Record Review
CTCRM Medical Centre provides routine medical care for recruits and YOs in training. There is a  requirement at CTCRM for RM recruits and young officers to present early with SSTIs . SSTI were managed according to local protocols and a decision regarding diagnosis and treatment was made by the clinician in charge.   In those recruits presenting with a sore throat and met the criteria for tonsillitis according the practice antimicrobial guidance (based on Public Health England Primary Care guidance) were treated. Antibiotic prophylaxis is not issued to Royal Marines recruits or YOs during training. Furthermore, antibiotics were not issued to those found to be carrying GAS during the study.  
Written informed consent was obtained from 1012 RM recruits and 46 YOs before the start of training to review clinical case records to determine the occurrence of SSTI and symptomatic pharyngitis.  In total, 989 case notes were reviewed by an independent Infectious Disease Specialist: case notes were missing on 23.


Statistics
Both Chi-squared test and the Fischer’s exact test were carried out using a significance level p < 0.05 with 1 degree of freedom. 

Results
Recruit Study Population
Of 1104 male recruits invited to participate, 1012 consented (92%) to take part (median age 21, range 16-32 years) and all were swabbed on day 1 of week 1. Of the 1012 recruits, 424 (42%) completed training to week-32. Reasons for non-completion were manifold but included voluntary withdrawal, medical discharge, professional reasons and an inability to complete training. For this reason, the number of samples obtained at each subsequent testing point was sequentially reduced (Figure 1). 
GAS isolation and case record review in Marine Recruits
GAS throat carriage was detected in five recruits in the first week of admittance to the CTCRM, yielding a pre-training prevalence of 0.49%. At week-6, GAS throat carriage was detected in 2/860 recruits (0.23%), at week-15 there was no carriage detected and, at week-32, 1 recruit had a positive throat swab isolating.  No recruits from the study sample were colonised with GAS on more than one occasion and altogether, six different emm types were detected over the study period and at different months throughout the year (4, 11, 28, 50, 89, 90) ; emm 28 and 89 were each detected on two occasions (Table 1). 
Over the duration of the study, 989 recruit clinical records were assessed, showing that 351 (35.5%) developed SSTI during training. The presence or absence of SSTI in RM recruits was assessed in relation to throat carriage of GAS. Only eight individuals carried GAS at any one time, 4/8 of whom developed SSTI compared with 347/981 without GAS carriage (Chi-square, p>0.05). Based on the limited data from this small group of individuals, there was no association between GAS carriage and the development of SSTI. Furthermore, the timing of SSTI in the individuals who carried GAS was not associated with the date of the throat isolate detection (Table 1). Microbiological causes of SSTI were not documented. 
The majority (6/8) of GAS carriage isolates were sensitive to all four antibiotics assessed; clindamycin, erythromycin, penicillin and tetracycline. One emm90 isolate was resistant to tetracycline and one emm11 isolate showed constitutive resistance to clindamycin, erythromycin and tetracycline, whilst remaining exquisitely sensitive to penicillin.

S. pyogenes isolation and case record review  in Young Officer cohort
Of the 55 YO trainees approached, 46 (84%) consented to take part, with 27/46 (57%) completed the 60-week training programme. Although no GAS was detected at week-1, at week-6 of training (October) GAS carriage was detected in the nasopharynx of 8/42 YO (19%) and as the YOs were asymptomatic no treatment was given.  GAS was not detected in swabs taken at week 40 (June), 27/46 recruits were sampled.  Emm typing revealed all 8 isolates to be emm83 (Table 2), an uncommon genotype in the throat but which has been reported to cause SSTI, including among injecting drug users in the UK (11). All eight of the emm83 isolates had the same antimicrobial profiles; showing resistance to tetracycline but remaining sensitive to clindamycin, erythromycin and penicillin. 4/8 YOs that had carriage of emm83 in the nasopharynx had cellulitis or impetigo during training compared with 18/34 that did not have GAS carriage (Chi-square, p>0.05). Of the GAS carriers, one YO had cellulitis at the time of recruitment (week-1) and two developed SSTI in the same week that the swabs were positive; these cases received treatment for SSTI from the medical centre according to local protocols. 



Discussion
Asymptomatic GAS throat carriage was rare in this cohort of young, male adults in England. Throughout the 32-week training programme, GAS carriage in the RM never rose above the initial intake rate of 0.49%. This was similar to asymptomatic carriage rates in adults of 0.6% and 0.8% reported in two earlier Scandinavian studies (12, 13) but lower than the rates reported by Spitzer et al (14) who compared adult orthodox Jews (2.4%) with other adults (1%) in inner city East London, and lower than rates reported in University students in the US (11.5%) and in an African population in Gabon (3%) (15, 16). Throat carriage prevalence in asymptomatic children has been more intensively studied, with rates varying between 5–21% (17, 18). In the United States, asymptomatic throat carriage was reported to be approximately 2% in Air Force recruits in the early 1990s (4, 6) Outbreaks of pharyngitis have however historically been associated with outbreaks of rheumatic fever in United States military personnel (4) and in the past intramuscular benzathine penicillin prophylaxis has been prescribed to military recruits at the start of training to minimise carriage rates of GAS and prevent epidemic disease (7). Evidence from the present study would suggest that this would be an unnecessary measure in the UK at this time, Although GAS poses a continuing potential risk to closed populations such as military training facilities (4, 6) existing public health guidance on control of GAS transmission during an outbreak in healthcare facilities and households could be applied in the event of an outbreak occurring. 
The emm types detected included types known to be associated with uncomplicated throat infection in the UK but which also can be associated with scarlet fever, puerperal sepsis and invasive SSTI (19-21). There are very limited data pertaining to GAS asymptomatic carriage and associated emm types in healthy adults and as such the limited data here would appear to suggest that the strains that were carried asymptomatically were no different to the strains that can cause symptomatic disease elsewhere in the community. This is perhaps not surprising as the study population was not entirely closed and had contact with civilian personnel who lived elsewhere, as well as with family members during holiday breaks. 
The period of emm83 GAS activity observed among YO demonstrates the potential for GAS to cause intense transmission events within a closed population, potentially linked to active skin infections among this cohort. Emm83 GAS have been previously reported as skin ‘specialists’, that is a strain type with tropism for skin infections (21). The distinctive cluster of carriage observed in this cohort, characterised by identical emm type and antimicrobial profiles, was in contrast to a previous study (11) where an inconsistent antimicrobial resistance pattern was observed among emm83 isolates. Although it is possible that the carriage of the same emm type resulted from skin infections with GAS within the Officer group, this cannot be confirmed or refuted.  Indeed, it was not possible to definitively ascribe SSTI to GAS in the recruit or the YO cohorts, as microbiological sampling of clinically diagnosed SSTI was not routinely undertaken.
The current study of asymptomatic GAS carriage is limited by its inclusion of only young, healthy males and sampling of the throat and nose as opposed to inclusion of skin samples, which may be of more direct relevance to SSTI risk. Nonetheless, to our knowledge the cohort represents the largest sample of adults thus far examined in the United Kingdom and encompassed multiple ages (16-32) from across England. Taken together, the data confirm that the prevalence of GAS throat carriage among adults is very low in non-outbreak settings. This is contrary to assertions in some reports and National Guidelines, where carriage rates of up to 40% are cited (22-24). Based on observations from the YO cohort, where a intense period of emm83 throat carriage was observed, we suggest that higher rates in fact typify an outbreak and should not be used as a parameter of normality. Indeed, the finding of a high rate among adults during an outbreak investigation represents a marker of unusually high rates of transmission and may point to a need for intervention.
The present study has highlighted an unexpectedly low adult male carriage rate of GAS of 0.49%, compared with previously reported data. We considered the possibility that seasonality of GAS infection in the United Kingdom might have affected our study, however sampling was undertaken throughout all seasons including the winter period, albeit that sampling techniques may also contribute to an under-estimate of prevalence. It is possible that the recruits and Young Officers have less contact with other population groups such as children where GAS prevalence is higher. While any association between GAS carriage and development of SSTI could not be detected in this military cohort, the ability of GAS to quickly and efficiently transmit through a population underlines the potential for intermittent but rare outbreaks of invasive infection in such settings.
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Table 1. Asymptomatic throat carriage of GAS in 8 RM recruits 
	Timing of throat isolate
	Throat isolate
Emm type
	Antimicrobial profile of throat isolate*
	Presence/absence of SSTI in same recruit**
	Timing of SSTI (if any)

	Week 1
	89
	C (S), E (S), P (S), T (S)
	Impetigo
	Week 4

	Week 1
	28
	C (S), E (S), P (S), T (S)
	Undefined SSTI
	Week 7

	Week 1
	4
	C (S), E (S), P (S), T (S)
	Cellulitis x2
	Week 11, Week 19

	Week 1
	90
	C (S), E (S), P (S), T (R)
	-
	-

	Week 1
	50
	C (S), E (S), P (S), T (S)
	-
	-

	Week 6
	28
	C (S), E (S), P (S), T (S)
	Cellulitis
	Week 28

	Week 6
	11
	C (R), E (R), P (S), T (R)
	-
	-

	Week 32
	89
	C (S), E (S), P (S), T (S)
	-
	-



*Throat isolates profiled for sensitivity (S) or resistance (R) to Clindamycin (C), Erythromycin (E), Penicillin (P) and Tetracycline (T). 
**The development of any SSTI is noted with the training week of presentation. Emm types recovered from the throat are not necessarily responsible for the SSTI observed.


Table 2. Asymptomatic carriage in the nasopharynx of 8 officers 
	Timing of  isolate
	Emm type
	Antimicrobial profile of  isolate*
	Presence/absence of SSTI in same officer**
	Timing of SSTI (if any)

	Week 6
	83
	C (S), E (S), P (S), T (R)
	Cellulitis
	Week 1

	Week 6
	83
	C (S), E (S), P (S), T (R)
	Cellulitis x2
	Week 5, Week 15

	Week 6
	83
	C (S), E (S), P (S), T (R)
	Impetigo, Cellulitis
	Week 6, Week 35

	Week 6
	83
	C (S), E (S), P (S), T (R)
	Cellulitis
	Week 8

	Week 6
	83
	C (S), E (S), P (S), T (R)
	Cellulitis
	Week 18

	Week 6
	83
	C (S), E (S), P (S), T (R)
	-
	-

	Week 6
	83
	C (S), E (S), P (S), T (R)
	-
	-

	Week 6
	83
	C (S), E (S), P (S), T (R)
	-
	-



*Isolates from the nasopharynx were profiled for sensitivity (S) or resistance (R) to Clindamycin (C), Erythromycin (E), Penicillin (P) and Tetracycline (T). 
**The development of any SSTI is noted with the training week of presentation. Emm types recovered from the throat are not necessarily responsible for the SSTI observed.
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