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ABSTRACT

Rheumatic heart disease (RHD) is a large, preventable, global public health burden. In
New Zealand, acute rheumatic fever (ARF) and RHD rates are highest for Maori and
Pacific children. This structured review explores the evidence for primary prevention
interventions to diagnose and effectively treat group A Streptococcus (GAS) pharyngitis
and skin infections to reduce rates of ARF and RHD. Medline, EMBASE and Scopus
databases were searched as well as other electronic publications. Included were 50
publications from 1980 onwards. This review has identified that there is little available
evidence for effective primary prevention strategies to reduce ARF rates in NZ. However,
two primary intervention strategies that should be considered by communities at high-risk
of ARF are: the use of school-based clinics to identify and treat GAS pharyngitis and GAS
skin infections; and intramuscular benzathine penicillin G (BPG) with lignocaine analgesia

in children who present with a GAS positive throat.

Key points

1. NZ Maori and Pacific children continue to have high rates of ARF and RHD.

2. Improving access to diagnosis and treatment of GAS pharyngitis and possibly GAS
skin infections for children at high risk of ARF remains central to effective primary
prevention of ARF/RHD.

3. Further research is needed to assess the mechanisms of action, optimal use and
timing of interventions for the prevention of ARF/RHD through early detection and

treatment of GAS pharyngitis and skin infections in NZ.

Key words
Rheumatic fever, rheumatic heart disease, group A streptococcus, primary prevention,
GAS



Acute rheumatic fever (ARF), a preventable inflammatory condition, occurs in a small
minority (£3%) of susceptible people in response to untreated Group A Streptococcus
(GAS) pharyngitis.[1] Rheumatic heart disease (RHD) can occur after an episode or
recurrent episodes of acute rheumatic fever (ARF). The process by which GAS
pharyngitis leads to ARF is poorly understood, but evidence suggests that GAS infections
sometimes initiate the immune mediated processes leading to the development of ARF.
More recently, GAS skin infections have been proposed to cause ARF, either directly or
in combination with GAS pharyngitis.[2] In some Australian Aboriginal communities with
a high burden of ARF and RHD, GAS pharyngitis is rare but GAS skin infections are
endemic, supporting the view that GAS skin infections may led to ARF.[3, 4]

While the majority of global RHD burden occurs in low- and middle-income countries,[5]
New Zealand (NZ), a high-income country, has amongst the highest reported rates of
ARF in the world.[6] In NZ ARF almost exclusively affects indigenous Maori and Pacific
children most commonly living in socio-economically deprived areas.[6-8] In response to
the inequitable burden of ARF and RHD, in 2011, the NZ Ministry of Health instituted the
rheumatic fever prevention programme (RFPP) with the goal of reducing the incidence of
first episodes of ARF. This structured review aims to evaluate the evidence for primary
prevention interventions that enable early diagnosis and timely treatment of GAS
pharyngitis and skin infections in order to effectively reduce the incidence and impact of
ARF and RHD in NZ.



METHODS

Search criteria

The search terms were designed around primary prevention objectives and interventions
to reduce GAS infections, ARF and RHD. These objectives and interventions were
determined by a committee, which included input from Maori, Pacific, Clinical, Public
Health, and Economic advisory groups. Objectives included: Diagnosis of GAS infections;
managing and treating sore throats; managing and treating skin infections; and health

promotion. For a breakdown of interventions, see Supplement 1 (Table S1).

A reference librarian helped refine the search strategy, which involved searching Medline,
EMBASE and Scopus databases in October 2019. Other electronic publications were
searched using clinicaltrials.gov (US), Analysis and Policy observatory website (APO)
and Google search (see Supplement 2 for full details of the search strategy). A preliminary
screen of the papers was carried out before exporting to EndNote, before full text
screening was done. Publications in all languages were included if the abstract was
available in English, and were published from 1980 onwards (reviews and guidelines from
2000). Publications from all countries and all study designs except for individual case-
studies were included, with a focus on those relevant to NZ. Broader social, economic
and environmental initiatives to prevent and limit GAS infections are not included in this

review, including GAS vaccine trials.

Criteria for assessing each intervention

The following criteria were derived for this review by study investigators and were reviewed by
advisory groups (Maori, Pacific, Clinical, Public Health, and Economic). Each intervention
evaluated in a publication that met inclusion criteria was assessed against eight criteria: 1.
Effectiveness at preventing GAS/ARF/RHD; 2. adverse effects; 3, 4, 5 acceptability for participant
(co-design, adherence, uptake); 6. feasibility; 7. equity; 8 and costs and cost-effectiveness. The
first criterion (effectiveness) was rated using pooled values where possible such as odds ratios,
rate ratios, and percentages. To be included in the pooled value, studies first needed to address
the same or similar research questions, in similar populations and settings. Costs and cost-
effectiveness were described using the local currency (with base-year) and incremental cost per

unit of outcome, respectively. The remaining criteria were assessed using a scale of high,



medium, low or no evidence using the framework presented in Supplement 1 (Table S2). Values
of 1, 2, 3 were assigned to criteria of low, medium and high evidence respectively. These were
averaged to give an overall score for all manuscripts relevant to each intervention. For a summary

of the literature and how it was assessed see Supplement 1 (Table S3).



RESULTS

Diagnosis of GAS infections

Clinical decision support aids for assessment of sore throats

Sore throat is a common complaint, and identifying patients with GAS pharyngitis is an
important task for clinicians. Clinical decision rules such as the Centor or Mclsaac scores
were developed to help medical professionals distinguish GAS from vastly more common
viral pharyngitis, which does not require antibiotic treatment. In 2008, the National Heart
Foundation of NZ developed a local prediction rule based on expert opinion, which utilised
the Mclsaac revised Centor prediction criteria.[9-11] This prediction rule was reported to
perform poorly in an evaluation of 12,000 South Auckland (NZ) school sore throat clinic
examinations and culture results.[12] The Mclsaac-revised Centor rule was assessed in
Auckland general practice patients at high-risk of ARF.[13] In this study, only 12% of
children who had a Centor score of three (possible GAS pharyngitis) and 13% of children

with a Centor score of four (presumed GAS pharyngitis) had a GAS positive throat swab.

A prospective evaluation of the World Health Organization (WHQO) acute respiratory
infections treatment programme guidelines concluded that while these guidelines limited
unnecessary antibiotic treatment, 88% of children with GAS pharyngitis would not be
treated.[14] The Mclsaac (modified Centor) score has been shown in some settings to be
a valid clinical approach to diagnosing patients presenting with sore throats in primary
care settings. However, one study showed that using the Mclsaac score did not reduce
unnecessary antibiotic prescribing by family physicians.[15] A 2011 meta-analysis
reported that as a decision rule for considering antibiotic prescribing (when score = 3),
the Centor score has reasonable specificity (0.82: 95% confidence interval (Cl); 0.72 to
0.88) and a post-test probability of 12% to 40% based on a prior prevalence of 5% to
20%.[16] Locally applicable clinical decision rules for diagnosis of GAS pharyngitis have
been used with some success in other countries [17]. However, those tested in NZ lack
the sensitivity and specificity to reliably rule in or out GAS pharyngitis in populations at
high risk of developing ARF. It is therefore recommended that as part of a primary
prevention strategy to reduce GAS/ARF/RHD the use of any prediction rules need to be

validated in the NZ setting, including the assessment of their acceptability and equity.



New diagnosis methods for detection of GAS infection

Timely and accurate diagnosis of GAS infections is important to ensure correct treatment.
Throat culture, the most specific means of GAS detection is used in NZ; however, results
can take up to 72 hours creating delays in treatment or antibiotics started unnecessarily.
A challenge for diagnosing and treating GAS pharyngitis is that some individuals naturally
carry GAS in their throats without having evidence of infection or any autoimmune
sequelae and it can be difficult to distinguish children with carriage and intercurrent viral
pharyngitis from those with acute GAS pharyngitis, particularly in high-incidence ARF
populations.[18]

This review identified eight studies investigating new technologies to quickly and
accurately diagnose GAS infections. Five of these studies used polymerase chain
reaction (PCR) techniques either at the point of care [19] or as a comparison against a
reference standard.[20-23] The average sensitivity of these PCR studies ranged from
87% to 100% and the average specificity ranged from 98% to 100%; with positive
predictive values (PPV) of 88% to 97% and negative predictive values (NPV) of 97% to
99%. A NZ study that compared routine culture and illumigene GAS assay using loop-
mediated isothermal amplification, concluded that the illumigene assay did not perform
as well as previously described.[24] The effectiveness and high feasibility of new
technologies to quickly and accurately diagnose GAS pharyngitis warrants further

investigation.

Managing and treating sore throats

In NZ, current clinical guidelines [25] recommend that high-risk populations who present
to primary care or an emergency department with a sore throat, have a throat culture if
possible and are treated with a ten day course of oral antibiotics (penicillin, amoxicillin or
erythromycin or intramuscular benzathine penicillin G (BPG).[25]



BLIS prophylaxis

Probiotic therapy has been proposed as both a prophylaxis and a potential treatment for
GAS pharyngitis. The oral probiotic Streptococcus salivarius produces bacteriocin-like
inhibitory substances (BLIS), which can counteract the growth of GAS.[26] This review
identified five studies which showed a significant reduction in episodes of
pharyngotonsillitis caused by GAS in patients who received BLIS K12 in comparison to
those who did not (range 60-97%). One NZ randomised control trial reported a reduction
in GAS throat infections but the findings were not significant.[27] Both that trial and an
Italian one showing prophylaxis benefit in pharyngeal GAS negative pre-schoolers were
included in a recent systematic review of evidence to support the use of the probiotic S.
salivarius K12 (SsK12).[28] The review concluded that SsK12 appears to be safe and
well accepted. Further blinded randomised controlled trials to establish the role of
probiotics as a prophylactic therapy for the treatment of GAS pharyngitis are

recommended.

Sore throat clinics in schools

Following a 2009 structured review, which concluded that treatment of GAS pharynagitis
with penicillin in schools and or community-based programmes could reduce ARF cases
by 60%, a trial involving 53 schools in Auckland was established.[29] The trial reported a
statistically non-significant (p=0.47) reduction in ARF cases in children attending the
school clinics.[30] A pilot study concluded that it was acceptable and feasible to deliver
targeted primary health care in low socio-economic primary schools. The annual cost of
such a programme, in 2011, was estimated to be 510 NZD per child/year.[31] Following
these studies, in 2011 NZ implemented the RFPP.

An initial evaluation of the school-based component of the RFPP reported that after two
years of operation, ARF rates in 5-13 year olds dropped from 88 (95% CI. 79-111) per
100,000 pre-clinics to 37 (95% CI: 15-83) per 100,000 after two years of clinic availability,
a 58% reduction.[32] An evaluation of a school-based programme which carried out daily
assessments and treatment of sore throats, reported a 12% reduction in GAS pharyngitis
from 2013 to 2014.[33] The 2014 cost of the programme was 280 NZD per child/year. A



subsequent evaluation of the RFPP used national trends of all-age first episode ARF
hospitalisation rates before (2009-11) and after (2012-16) implementation of the RFPP.
Following RFPP implementation the national ARF incidence rate declined by 28%.[34]
The incremental cost per quality-adjusted life-year (QALY) gained was 90,043 NZD for
the school-based sore throat service in 2014.[35] A recent retrospective cohort study in
the Bay of Plenty reported that school-based programmes with twice rather than thrice
weekly sore throat swabbing, in high-deprivation areas with large Maori populations, led
to a 60% reduction in ARF incidence for Maori 5-14 year olds. The cost of the programme
was 165 NZD per child/year, with an incremental cost per QALY gained of 13,488
NZD.[36] Sore throat clinics in schools have seen an effective reduction in ARF cases in
communities at high-risk of developing ARF. These clinics have high uptake levels (80-
97%), are highly equitable and acceptable and are cost-effective in areas with a
concentrated population of high-risk individuals. Therefore, communities at high risk of
ARF should consider utilising school-based clinics to identify and treat GAS pharyngitis.

Increase range of settings for sore throat management

A prospective pilot study investigated a test and treat service in 35 community
pharmacies, involving 367 patients, across two United Kingdom regions. Patients who
met the Centor scoring criteria were offered a throat swab (42%) and those who had GAS
positive swabs, were offered antibiotic treatment (24%). The study reported possible
savings to the National Health Service (NHS) from the 41 general practitioner (GP)
consultations avoided was among those patients at 2747 GBP in 2015.[37] An evaluation
of a NHS sore throat test and treat service in Wales, reported that the service was
associated with a reduction in antibiotic prescriptions.[38] A United States study quantified
the average amount of pharmacist time (25.3 minutes) required to complete a point-of-
care test for a patient presenting with pharyngitis symptoms. These authors concluded
that such a service could be implemented in a community pharmacy with limited
disruption or change to workflow and staff.[39] The acceptance, uptake, equity, and cost-
effectiveness of test and treat pharmacy services for GAS pharyngitis needs further
evaluation in the NZ context.
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Intramuscular BPG for treatment of GAS pharyngitis

Antibiotic adherence is of concern when treating GAS pharyngitis. One NZ study reported
that only 73.8%, of 65 people at risk of ARF, finished the full 10 days of oral antibiotic
therapy.[40] An empirical study investigating antibiotic adherence to single dose
intramuscular BPG for treatment of GAS pharyngitis reported that BPG injection was an
acceptable treatment option to children and whanau (families) in a South Auckland, NZ
community.[41] Using a distraction device and local anaesthetic lignocaine (numbing
agent) were effective pain management strategies. The study noted that a number of
children who received the BPG had repeated sore throats. Some of these children (36%)
still had a GAS positive throat swab following BPG administration. A Turkish randomised
controlled trial assessing the efficacy of BPG for the treatment of GAS pharyngitis in
children reported that there was a 92% reduction in GAS pharyngitis episodes in those
who received BPG in comparison to a 21% increase in the control group (p<0.001).[42]
During the 1970s, compliance to oral antibiotics in Costa Rica for treatment of GAS
pharyngitis was poor. As part of a primary health care programme, the standard treatment
for suspected GAS pharyngitis changed to intramuscular benzathine penicillin, which saw
a significant decline in the incidence of ARF.[43] In the NZ setting treatment of GAS
pharyngitis in populations at high risk of developing ARF appears to be acceptable,
feasible and equitable. Communities at high-risk of ARF should consider the use of
intramuscular BPG with lignocaine analgesia in children who present with a GAS positive
throat. The acceptability of repeated treatment of GAS pharyngitis with intramuscular
BPG should be explored.

Measures to improve adherence to treatment of sore throats

Empirical research investigated various ways to improve antibiotic adherence.[41] Use of
blister packs as a medication delivery option aiming to improve adherence to 10-day
courses of oral amoxicillin was not effective. Daily text messages to remind children to
take their antibiotics did not significantly reduce the number of post-treatment GAS
positive throat swabs. Directly observed therapy, which involved a healthcare
professional administering antibiotics daily, significantly improved the number of children

who completed their treatment. Here the proportion of post treatment GAS positive throat
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swabs was 5% among children who received directly observed therapy, and 21% in
controls (p=0.01). The 2014 cost to administer directly observed therapy in a school-
based clinic was 87.33 NZD per child, with an additional 127.9 minutes of nursing time
per child required.[41] Due to the cost and time involved direct observational therapy is
not recommended for primary prevention of ARF in the NZ setting.

Managing and treating skin infections
There are a range of treatment options available for GAS skin infections, from hygiene
through topical to systemic therapies, however in NZ there is no standard treatment for

GAS skin infections and treatment guidelines are inconsistent.

Screening and treating skin infections as part of sore throat clinics

An evaluation of a school-based primary health care service occurring over 15 weeks in
a South Auckland school of 400 children, in a socio-economically deprived area, reported
that nurses identified 76 cases of skin infection, 45 of whom they treated.[31] An
evaluation of the RFPP involving 61 primary schools (23,762 children) in South Auckland
reported treating 17,593 skin infections over 18 months. The vast majority were treated
with topical cleaning and covering, if antibiotics were needed (for approximately 4% of the
children receiving treatment), topical fusidic acid, or less frequently oral cephalexin or
flucloxacillin, were used. The relative risk of skin infection in 2013 (pre-intervention)
compared to 2014 (post-intervention) was 1.4 (95% CI: 0.7-2.7).[33] Treating skin
infections in a school setting is acceptable, feasible and equitable and is an important
measure to prevent serious skin infections that may require hospitalisation. The role of

GAS skin infections in the potential development of ARF requires more research.

Treatment of scabies

Scratching associated with scabies infestation can cause damage to the skin, therefore
increasing the risk of skin infections. Treating scabies to prevent skin damage is likely to
prevent the risk of GAS skin infections. In NZ scabies is predominantly treated through
topical medications, such as permethrin. lvermectin, an oral medication, may be

prescribed for severe cases of scabies. This review identified four studies that aimed to
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reduce the prevalence of scabies.[44-48] Overall, the studies reported relative reductions
in scabies of between 88% and 94% when ivermectin or azithromycin were used as a
treatment or relative reductions of 62% to 68% when permethrin was used to treat. In NZ
a cohort study utilising health records reported that children admitted to hospital with ARF
were significantly more likely to have had a previous scabies diagnosis (adjusted hazards
ratio 8.9; 95% ClI; 6.3-20.2).[49] An additional study reported that permethrin prescribing
as an indicator of scabies was strongly associated with the incidence of ARF.[50] Treating
scabies to prevent skin infections is recommended as treatment is acceptable and
feasible. However, the potential role that scabies may play in ARF development needs

further investigation.

Health promotion

A NZ Rheumatic Fever Awareness Campaign ran during 2014 utilising television, radio
and print advertisements to increase knowledge in the link between sore throats, ARF
and potential heart damage. The campaign evaluation reported that 60% of parents took
health action as a direct result of the campaign.[51] A subsequent 2015 NZ Rheumatic
Fever Awareness Campaign was independently evaluated and reported that key
messages were understood and effectively reached 95% of the target audience.[52]
While the messages were understood, the families’ experience of public health
messaging in the context of their daily lives may guide a more critical and culturally safe

health promotion that looks beyond awareness and behaviour and towards equity.[53]

In the 1990s the French Caribbean Islands of Martinigue and Guadeloupe conducted an
ARF/RHD eradication programme.[54] The programme was associated with a
progressive decline in the number of cases of ARF in both islands (78% reduction in
Martinique and 74% reduction in Guadeloupe). In addition, recurrent cases declined with
no open-heart surgery required among under 18 years of age since 1989. A
comprehensive Cuban ARF awareness and prevention programme that ran from 1986-
1996 and included both primary and secondary prevention and health promotion saw a
progressive decline in the occurrence and severity of ARF and RHD, with a marked

decrease in the prevalence of RHD in school children from 2.27 patients per 1 000
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children in 1986 to 0.24 per 1 000 in 1996.[55] Any primary prevention strategy for ARF

should include health promotion initiatives.
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DISCUSSION

NZ Maori and Pacific children continue to have unacceptably high rates of ARF and RHD.
This review has identified that there is little available evidence for effective primary
prevention strategies to reduce ARF rates in NZ. Further research to assess the
mechanisms of action, optimal use, timing and economic costs of primary prevention
interventions is needed. In addition, there remains a need for research involving and led
by populations affected by ARF/RHD to determine accessibility, acceptability and social

costs of primary prevention interventions.

The first primary prevention strategy recommended is the use of school-based clinics to
identify and treat GAS pharyngitis and GAS skin infections in areas that have a
concentrated population of individuals at high-risk of developing ARF. These clinics have
high uptake levels (80-97%), which may identify cases that would otherwise be missed.
The second primary intervention strategy that should be considered by communities at
high-risk of ARF, is the use of intramuscular BPG as the first treatment option for GAS
pharyngitis in populations at high risk of ARF, with the use of lignocaine analgesia. This
treatment option has been shown to be an acceptable, effective, affordable treatment
option that has few reported adverse effects.[41] However, the acceptability of repeated

treatment of GAS pharyngitis with intramuscular BPG needs further investigation.

Primordial prevention is also an important consideration for ARF/RHD prevention but is
outside the scope of this review. The eradication of ARF and RHD from almost all high-
income countries indicates that these diseases can be controlled and eliminated. It is
unacceptable that children continue to suffer and die from a preventable heart condition

in what is considered a high-income nation.
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