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Abstract 

Rheumatic fever is a serious post-infectious sequela of Group A Streptococcus (GAS). Prior GAS 

exposures were mapped in sera using a large panel of M-type specific peptides. Rheumatic fever 

patients had serological evidence of significantly more GAS exposures than matched controls 

suggesting immune priming by repeat infections contributes to pathogenesis.  
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Introduction 

Acute rheumatic fever (ARF) is a post-infectious autoimmune sequela of Group A Streptococcus 

(GAS) infection. Repeat episodes of ARF can cause permanent heart valve damage and chronic 

Rheumatic Heart Disease (RHD), which is associated with significant global mortality [1]. ARF 

burden remains unacceptably high in low-income countries and Indigenous populations in certain 

high-income countries such as Australia and New Zealand [1].  

Despite the known link between a preceding GAS infection and ARF the mechanisms by which GAS 

triggers an abnormal immune response are not well understood. It has been postulated that repeated 

GAS infections are required to prime the immune system for a loss of tolerance and autoimmunity 

[2,3]. Epidemiological data support this "immune priming" hypothesis, with GAS infections observed 

in children as young as two years old, while the peak incidence age for ARF is 5-14 years of age [1,4], 

providing a theoretical window of several years in which multiple infections could occur.  

We previously demonstrated the feasibility of mapping an individual‟s prior GAS infections by 

characterising serum antibody specificities [3], founded on the basis that the repertoire of serum 

antibodies provides a molecular „footprint‟ of prior pathological insults [5]. GAS strains are 

commonly identified by emm-type, which corresponds to the N-terminal hypervariable region of the 

M-protein, and can be further grouped into emm-cluster types based on the structure and function of 

the M-protein [6]. With more than 200 emm-types described, including a diverse range associated 

with contemporary ARF [7,8], the antigenic diversity of the hypervariable M-protein region provides 

a means to distinguish infections of different emm-types via serological profiling. Accordingly, the 

aim of this study was to serologically determine whether children that develop ARF have experienced 

more GAS infections than those without disease, and establish the role of immune priming in ARF 

pathogenesis.  
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Methods 

Participants  

Participants were recruited as part of the Rheumatic Fever Risk Factors (RF RISK) study between 

2014-2017 in New Zealand [9]. All participants (or proxies) provided written informed consent and 

the protocols were ethical board approved (HDEC 14/NTA/53). This study included 33 matched case-

control pairs for which sufficient sample volumes were available. All cases had a “probable/definite” 

diagnosis of first episode ARF according to the New Zealand modification of the Jones criteria [10] 

and sera obtained within 30 days of hospital admission. Controls were healthy participants closely 

matched via the case-control study design by ethnicity, age (± two years), measures of 

sociodemographic deprivation (as assessed by the New Zealand Deprivation Index score [11]), 

geographic area (district health board region of residence), gender, and time period (within one month 

of case recruitment). Participant demographics are summarised (Supplementary Table 1).  

Hypervariable region M-protein Array  

Fifty-nine emm-types were included in the M-protein peptide array based on recent analysis of GAS 

in New Zealand [7,12]. This provides coverage of all (100%) previously identified emm-types 

associated with ARF and >91% of emm-types (and >97% of emm-cluster types) associated with 

pharyngitis, skin infection and invasive GAS disease (Supplementary Table 2). Synthetic peptides 

corresponding to the 50 amino acids of N-terminal hypervariable region of the mature M-protein 

(Supplementary Table 3) were commercially synthesised to >90% purity (GenScript Inc.).  

Detection of Serum Antibodies and Statistical Analysis  

Enzyme-linked immunosorbent assays (ELISAs) were performed as published [13,14]. In brief, plates 

were coated with 5g/ml M peptide for three hours at 37⁰ C followed by 4⁰ C overnight. Sera 

(1:1000) was incubated for two hours at 37°C prior to addition of HRP-labelled goat anti-human IgG 

(Abcam, ab97225) for detection. Optical density (450nm) was measured on an EnSpire plate reader 

(PerkinElmer). Positive control serum was used to construct a standard curve included on every plate 

and M-type antibody levels were interpolated from the curve in ELISA units (EU) (Supplementary 

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciab180/6151880 by guest on 08 M

arch 2021



Acc
ep

ted
 M

an
us

cri
pt

 

 

 

5 

Figure 1). ELISA cut-offs were established using negative sera confirmed as non-reactive against 

representative peptides from each emm-cluster as well as the conserved GAS antigens Streptolysin O, 

SpnA and DNAse B. Negative sera (n=4) was included on every plate and seropositive reactivity was 

defined as >4-fold above the mean of the negative sera as described [13].  

Statistical analyses were performed using GraphPad Prism Version 8 (GraphPad Software) or R 

(version 4.0.2) within R Studio (version 1.2.5033) and a P-value of ≤0.05 was considered statistically 

significant.  

Results 

Sera from first-episode ARF patients and closely matched healthy controls were screened for 

reactivity against a panel of M-type specific peptides that provides comprehensive coverage of emm-

types associated with ARF and putative precursor skin and throat infections in New Zealand 

(Supplementary Table 2). Quantitative ELISA were performed against the peptide panel, and the 

number of previous GAS exposures was defined serologically as those with M-type IgG above the 

assay cut-off (Supplementary Figure 1).  

The serum profiles demonstrate ARF patients have antibodies to a diverse range of M-types, with no 

two patients previously exposed to the same suite of M-types (Figure 1A). All ARF patients had 

antibodies to at least two different M-types and the majority (30/33, 90.9%) had antibodies to at least 

five M-types (median 11, interquartile range [IQR] 7–16). In contrast, over half of the healthy 

controls (19/33, 57.5%) had antibodies to less than five M-types (median 4, IQR 2-7). A pairwise 

comparison of M-type antibodies showed that ARF cases have significantly more serologically 

confirmed GAS exposures than matched healthy controls (P<0.0001) (Figure 1B). This increased 

number of prior GAS infections was not age related, with no correlation between the number of M-

type exposures and participant age in years (Figure 1C).  
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No clear association between specific M-type antibodies and ARF was observed. Indeed, two-way 

repeat measures ANOVA analysis found no significant difference in the distribution of M-type 

antibodies detected in ARF cases compared with controls based on emm-type or emm-cluster type 

(Supplementary Figure 2). Similarly, when the M-type antibodies were analysed by pattern type, 

which groups strains by genotypic features and is a proposed marker for GAS tissue tropism [6], there 

was no significant difference in strain patterns between cases and controls (Figure 1D, Supplementary 

Figure 2).  

Thirteen of the ARF cases had a GAS strain obtained via throat swab at hospital admission that was 

emm-typed using standard protocols [7]. Seven of these 13 cases (54%) had no detectable antibodies 

to the matched M-type peptide (Figure 1A). The median time between admission and study bloods 

being obtained in these seven cases was 20 days (IQR 11-27), a timeframe in which seroconversion 

would generally be expected to have occurred, suggesting admission isolates may not be causal in 

some instances. Seven of the healthy controls had a GAS positive throat swab (emm-typed) at the time 

of serum collection and all had detectable antibodies to the matched M-type.  

Discussion  

This study used a novel serological approach to profile previous GAS exposures by measuring M-type 

specific antibodies in sera, with long peptides derived from the hypervariable region of the 

corresponding M-protein as antigens. By mapping prior exposures in sera from children with ARF, 

and comparing this with closely matched healthy controls, we show significantly increased GAS 

infections in children with ARF. This comparison was enabled by the case-control study design of the 

RF RISK study from which the samples were obtained [9]. Controls were matched not only by age, 

ethnicity, and month of recruitment but also geographic location, and level social deprivation. Thus, 

our study shows children who develop ARF have experienced approximately three times as many 

GAS infections as healthy children living in similar environments.   
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This study supports the “immune priming” hypothesis by demonstrating that ARF cases have 

experienced repeated GAS infections prior to diagnosis. While the average number of serologically 

confirmed infections was 11, the lowest was two suggesting this maybe a minimum threshold of 

infections required to trigger ARF. This concurs with the recurrent case described by Zabriskie in 

1967, which developed following two GAS infections, and is the basis of the priming hypothesis [2].  

The diverse infection histories we observed in ARF with respect to M-type are consistent with recent 

analyses of GAS strains in our setting and globally [7,8], which found a broad range of emm-types 

associated with ARF. This highlights the complexity of ARF pathogenesis with respect to GAS 

infection, and suggests that rather than classical “rheumatogenic” strains driving disease, it is repeated 

exposures with diverse strains that leads to a loss of tolerance and autoimmunity in susceptible 

individuals, in settings where ARF persists today. It follows that future interventions focused on 

reducing cumulative GAS exposures in childhood could prevent ARF. 

This study has limitations, including the M-types covered by the peptide panel. Though designed to 

provide high theoretical coverage based on longitudinal surveillance of GAS in New Zealand, it is 

possible that exposures with M-types not included in the panel were missed. Similarly, the 

methodology does not enable repeated infections of the same M-type to be distinguished, nor very 

recent infections that have not yet resulted in seroconversion to an IgG response. However, these 

limitations would likely affect cases and controls equally.  

In conclusion, this study demonstrates significantly more serologically confirmed GAS infections in 

children with ARF than healthy children living in the same environment. It highlights the diversity of 

GAS emm-types that high-risk children are exposed to and suggests a central role for immune priming 

by multiple infections in ARF pathogenesis.  
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Figure 1: M-type specific antibodies in Acute rheumatic fever case and closely matched healthy 

controls.  

A) Heatmap showing M-type specific serum antibodies for acute rheumatic fever (ARF) cases and 

closely matched controls, with each of the 33 case-control pairs aligned by row. M-types historically 

considered classical rheumatogenic strains are marked with an asterisk. Serum antibody reactivity is 

represented as fold-change compared with negative reference sera. Positivity is defined as detectable 

serum antibodies > 4-fold above the mean of the negative sera (see also Supplementary Figure 1) such 

that a fold-change of <4 is considered negative (white). Positive M-type antibody reactivity is 

coloured from light to dark purple by the magnitude of fold-change above the negative control. Blue 

boxes indicate the M-type of the GAS strain isolated from the participant throat swab. B) Pairwise 

comparison of the number of positive M-type specific serological reactivities in ARF cases and 

closely matched controls. P-value was determined by two-tailed Wilcoxon matched pairs signed-rank 

test. C) Scatter plots comparing M-type specific reactivities with the age of each participant in the 

ARF case and healthy control groups. Lines represent the linear regression equation and Spearman‟s r 

and P-values are shown. D) Pie charts showing the emm-pattern type distribution of serological 

reactivities detected in ARF cases and closely matched healthy controls.  
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