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Background: To estimate the incidence of Acute Rheumatic Fever (ARF) in Tuscany, a region of Central Italy, evaluating the epidemiological impact of the new diagnostic guidelines, and to analyse our outcomes in the context of the Italian overview.

Methods: A multicenter and retrospective study was conducted involving children <18 years old living in Tuscany and diagnosed in the period between 2010 and 2019. Two groups were established based on the new diagnostic criteria: High-Risk (HR) group patients, n = 29 and Low-Risk group patients, n = 96.

Results: ARF annual incidence ranged from 0.91 to 7.33 out of 100,000 children in the analyzed period, with peak of incidence registered in 2019. The application of HR criteria led to an increase of ARF diagnosis of 30%. Among the overall cohort joint involvement was the most represented criteria (68%), followed by carditis (58%). High prevalence of subclinical carditis was observed (59%).

Conclusions: Tuscany should be considered an HR geographic area and HR criteria should be used for ARF diagnosis in this region.
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INTRODUCTION

Acute Rheumatic Fever (ARF) is a multisystemic autoimmune response to infection of the group A streptococcus (GAS). The incidence of ARF is low in high-income countries such as North America (1, 2) and Western Europe (3), but persists high in low-income countries (4, 5), and among marginalized sections of the society of high-income countries (6–8) and in the South Pacific (9–11), becoming an important cause of morbidity and mortality. Jones criteria for ARF diagnosis were first established in 1944, then revised in 1992 (12) and afterward in 2015 (13) by the American Heart Association (AHA), leading to a distinction between moderate to high-risk (HR) and low-risk (LR) populations (incidence cut-off <2 out 100,000 per year), to avoid underdiagnoses in LR populations and overdiagnoses in HR populations. Therefore, these new criteria incorporate three major changes: the above-mentioned risk stratification based on disease endemicity, inclusion of polyarthralgia or monoarthritis and monoarthralgia among major and minor criteria of HR population respectively, and subclinical carditis as a major manifestation in both LR and HR populations. Consequently, the knowledge of the incidence of ARF is an essential need for the application of the new diagnostic criteria in each country.

The incidence of ARF in Italy has been scarcely investigated and limited to the main regions of Northern and to a single region of Central Italy. We performed a multicenter retrospective study to describe the clinical picture of ARF and to estimate its incidence in Tuscany, a region of the Central Italy, focusing on the epidemiologic impact of the new diagnostic criteria for HR populations.



METHODS


Study Design and Data Collection

Demographic data from the Italian National Institute for Statistics (ISTAT: national and governmental registry that collects data relating to the permanent census of the population and housing) were used to define the number of childhood population at risk of GAS infection living in Tuscany in the 2010–2019 period. The annual incidence of ARF was estimated using the number of children at risk for the respective year.

The diagnosis of ARF is based on the criteria of AHA revised in the 2015 year, which distinguishes the populations in two groups, HR and LR, respectively, and includes both major criteria (carditis clinical and/or subclinical, polyarthritis, erythema marginatum, chorea and subcutaneous nodules, as well as also monoarthritis and polyarthralgia only in HR populations) and minor criteria such as polyarthalgia, fever (≥38.5°C), erythrocyte sedimentation rate (ESR ≥60 mm/h) in LR populations, while monoarthralgia, fever (≥38°C), ESR ≥30 mm/h in HR populations, and in both populations C-reactive protein (CRP ≥3.0 mg/dl) and a prolonged PR interval for age variability.

We included all patients aged <18 years with ARF who were referred to the three main Pediatric Centers in Tuscany (Pisa, Florence, Siena) and to the Pediatric Cardiology Unit of the “Ospedale del Cuore” in Massa in a 10-year period between January 2010 and December 2019. Additionally, after critically evaluated, we included the patients from 2010 to 2015 discharged with related diagnoses such as Sydenham chorea, rheumatic carditis, post-streptococcal arthritis, undifferentiated arthritis or undefined polyarthralgia that did not meet ARF diagnosis; therefore, in order to establish the number of children that could have benefited from an ARF diagnosis, we retrospectively applied HR criteria in this group.

In all patients the previous streptococcal tonsillar infection was demonstrated by the evidence of elevated or rising ASO titer or by the throat swab or culture positive for GAS. An antistreptolysin O titer >240 Todd Units and/or an anti-Deoxyribonuclease B (Anti-DNase B) titer >640 Todd Units were considered evidence of streptococcal infection (14). All patients who did not meet the inclusion criteria or those patients with missing clinical and/or laboratory data were excluded.

Patients were screened according to the International Classification of Diseases, Ninth Revision (ICD-9) discharge codes either by manual record evaluation of discharge or outpatient letters. A cohort of 129 patients was enrolled (out of four were excluded). These selected patients (n=125) received an extensive diagnostic workup including demographic, clinical and laboratory data retrieved from medical records. All the children underwent a cardiologic assessment with electrocardiography (ECG) and two-dimensional color-flow Doppler echocardiography at the time of diagnosis and in follow-up. Subclinical carditis was classified as evidence of valvular involvement detected by echocardiography, in absence of auscultatory findings of valvular dysfunction on clinical examination. Patients with physiological aortic or mitral regurgitation, in absence of other symptoms and with anti-streptolysin antibody (ASO) titer or throat culture negative, were excluded. No sequelae were pointed out in ARF patients with joint involvement in follow-up.

Finally, the total cohort of patients was classified into two main groups according to the AHA revised ARF criteria. HR group was composed of children with confirmed ARF according to HR criteria (post-2015 HR) and of retrospectively revised patients from 2010 through June 2015 without achieved ARF diagnosis, by applying HR criteria (pre-2015 HR). LR group included children with confirmed ARF before 2015 (pre-2015 LR) and patients that would have received the diagnosis of ARF after 2015 even if LR population criteria were applied (post-2015 LR).



Statistical Analysis

Normal distribution of the data was tested by using the Shapiro-Wilk, Skewness, Kurtosis tests. Equal variances assumptions were tested according to the modified Levene method. Parametric tests (Student t-test), non-parametric (Mann-Whitney, Wilcoxon rank-sum), Chi-squared or Fisher tests were used to compare age, sex, and clinical characteristics among LR and HR patients where appropriate. Statistical analysis was conducted using NCSS 2020 Statistical Software (2020). NCSS, LLC. Kaysville, Utah, USA, ncss.com/software/ncss and Microsoft Excel 365 software; P < 0.05 were considered statistically significant.




RESULTS

The childhood population (2–18 years) at risk of GAS infection was 3,300,928 children distributed from 2010 to 2019, as calculated from the data provided by ISTAT. A total of 125 patients was included. Among them, 96 patients were assigned to LR group (pre-2015 n = 35, post-2015 n = 61), while 29 children were assigned to HR group (pre-2015 n = 8, post-2015 n = 21). The main characteristics of the cohort are reported in Table 1. Age distribution showed a higher prevalence in children aged between 5 and 10 years and a mild preponderance in male patients (1.4:1). No significant differences were observed for age (HR median age = 9.5 95%CI = 7.4–10.2, LR median age = 9.4 95%CI = 8.1–9.7, P = 0.91) and gender (Chi squared with Yates'correction χ2 0.001, P = 0.98) between group HR and LR patients (Table 1).


Table 1. Main characteristics of LR and HR patients.
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The median range time between the streptococcal infection and the onset of ARF symptoms was 12 days (IQR 17). ASO and Anti-DNase B titres of both groups did not differ significantly (HR median ASO = 1,270 95%CI = 805–1,610, LR median ASO = 1,378 95%CI = 1130–1563, P = 0.58; HR median anti-DNase B = 1,385 95%CI = 738–2200, LR median anti-DNase B = 927 95%CI = 730–1218, P = 0.24) (Table 1).

Most of the cases were diagnosed during spring (42% of total cases) with the peak of incidence in March (18% of total cases) and a late peak in June (15% of total cases) (Figure 1). ARF cases presented with chorea showed a delayed peak in June.
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FIGURE 1. Monthly distribution of ARF diagnoses.



ARF Incidence and Impact of HR Criteria for ARF Diagnosis

As observed in Table 2, ARF incidence was over the limit in most of the years examined, ranging from 0.91 to 7.33/100,000 cases, leading to define Tuscany an HR population area (Figure 2).


Table 2. ARF annual incidence rates expressed as cases per 100,000 population according to LR and HR criteria by year.
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FIGURE 2. Annual incidence rates of patients with ARF per 100,000 children. The red line indicates the threshold value of incidence which differentiates low-risk from moderate and high-risk populations.


The highest number of patients was registered in 2019 (n = 24), 19 out of them being diagnosed with LR criteria, evidencing an ARF epidemic peak.

In the years 2010 and 2011 a low incidence of ARF diagnosis with LR criteria was observed (1.52/100,000 and 0.91/100,000, respectively). Similarly, we did not find any patient who would have received diagnosis with HR criteria in the same period.

ARF incidence in 2013 (1.82/100,000) was under the limit for HR population area, but it would have increased to 3.03/100,000 if HR criteria were used.

We did not find any ARF diagnosis with HR criteria in 2016. The incidence in this year (1.51/100,000) was under the limit of HR population area, whereas both the previous and the following year were above it (5.73/100,000 and 6.04/100,000, respectively).

In the group HR patients post-2015 the number of ARF diagnoses per year varied over the years 2015 and 2019 and increased of 58 and 26%, respectively, by using diagnostic criteria for HR population. Similarly, in the HR group patients pre-2015 the use of HR criteria would have led to an increase in ARF diagnoses of 9% in 2014, 67% in 2013 and of 30% in 2012. Notably, 40% of ARF patients would have been diagnosed in 2013.

When the epidemiologic impact on total ARF diagnoses was calculated by using HR criteria, an increase of 30% was estimated (Table 2).



Clinical Presentation: Major Criteria

Exploring major criteria in the overall cohort, joint involvement was the most common (68%) followed by carditis (58%) and Sydenham chorea (19%). Only nine patients (7%) showed erythema marginatum. No patients were found with subcutaneous nodules.

Among LR group patients, carditis was the most common criteria (72%), while 58% had polyarthritis and 46% polyarthralgia.

Among HR group patients joint involvement was always documented, the most common being the knee (27%), representing the most inclusive criterion for ARF diagnosis: 72% had monoarthritis (being the only major criterion in 17 patients), 41% polyarthralgia (being the only criterion in four). The most non-articular major criterion was carditis (14%), whereas chorea was found in only one patient (Table 3).


Table 3. Main clinical manifestations of patients.
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Globally, 73 out of 125 (58%) patients of the overall cohort showed a cardiac involvement which resulted significantly higher in LR group patients when compared to HR group patients, as shown in Table 3 (P < 0.001). Furthermore, among LR group patients, 29% presented moderate-severe mitral insufficiency. Moderate-severe aortic insufficiency was always associated with moderate-severe mitral insufficiency. Among HR group patients mild mitral valve damage was mainly recorded (75%) and no cases of aortic valve injury or combined lesions of both valves were found (Table 4).


Table 4. Echocardiographic findings of patients with cardiac involvement.
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Our outcomes showed a prevalence of subclinical carditis (34%) on the overall population (Table 3). Of note, the number of patients with subclinical carditis was significantly higher in LH group than in HR patients (χ2 = 8.4; P = 0.004). No patient presented valve stenosis as well as cardiovascular complications such as ventricular dysfunction at the time of diagnosis, except for one patient with mild pericardial effusion. Of note, two patients with carditis developed sequelae, one transient ischemic attack, and one dilation of the right ventricle.

Chorea showed a prevalence of 19% in our cohort and females were predominantly affected (14 out of 24). Among HR group patients chorea was not associated simultaneously with carditis, while within the LR group 22 out of 23 patients with chorea additionally presented cardiac involvement (two-sided Fisher exact test, P = 0.002), particularly mitral valve regurgitation.



Clinical Presentation: Minor Criteria

Most of the patients selected in our study were admitted with fever (74%) and elevation of ESR and/or CRP (86%). No difference was found between HR and LR groups concerning the prevalence of these criteria. LR group patients showed high prevalence of polyarthralgia (46%).

Among the overall population, 10% showed prolonged PR interval for age and 10 out of 13 patients had cardiologic involvement. The median values of the PR interval among LR and HR groups were 140 ms (n = 10, IQR = 78) and 240 ms (n = 3, IQR = 120), respectively (Table 3). Moreover, other ECG abnormalities were found only in three patients of LR group: second-degree atrioventricular block (Mobitz type 1 and type 2) in two and an episode of supraventricular tachycardia in one.




DISCUSSION

Our results highlight that the annual incidence of ARF in Tuscany was above the cut-off (<2 out 100,000 per year), when calculated in a period of 10 years (2010-2019), with an increasing trend from 2012 to 2019. The mean incidence was over the limit for most of the years considered in the selected period. Interestingly, it remained above the threshold value either after or before the application of HR criteria leading to an increase of 30% on total ARF diagnoses. Therefore, Tuscany should be considered an HR geographic area and, according to the latest guidelines, the criteria for HR populations should be used in this region.

Investigations on the incidence of ARF along the Italian country are few and limited to the Northern Italy. Recently, Licciardi et al. (15) estimated that ARF incidence in children living in the Province of Turin (Northern Italy) in the period between the years 2007–2016 ranged from 3.8 to 12.7/100,000, when calculated using LR and HR criteria respectively. Moreover, the study concluded that the application of HR criteria led to a 20.7% increase in the ARF diagnosis. In the period between the years 2014 and 2016 the Province of Turin showed an ARF rate incidence higher than Lombardy in the Northern Italy (4.24/100,000) (16). Other investigations performed along the territory of the North of Italy were conducted in Emilia Romagna in the period between 2000 and 2014 (before the publications of the AHA guidelines), showing that the ARF annual incidence in children presented with and without carditis were 0.8–2.4/100,000 and 1.5–3.8/100,000/year, respectively (17). Recently, a retrospective analysis of the childhood population living in the province of Bologna (Emilia Romagna) in the period between 2012 and 2017 showed ARF annual incidence of above two out of 100,000 (18). The unique report about the ARF incidence in the Central Italy refers to the Breda's study which evidenced in the period 2002–2009 an ARF incidence of 4.1/100,000 (19). Comparing the above-mentioned Italian studies we observed the same overall ARF rate incidence with regional variations in the same periods analyzed. In particular, Tuscany represented the unique region in which the incidence, calculated with HR criteria, was under the limit in 2016, reaching value over the limit in the next years. This indicates that the use of HR criteria is mandatory to avoid ARF underdiagnoses. Indeed, the ARF incidence in 2017 would have changed from 6.04 to 4.23/100,000, with the loss of six cases out of 20 if the use of HR criteria had not been continued. In an attempt to explain the inter-regional differences in the ARF rate incidence, we focused on the strains of GAS-causing infections. GAS M types have been highlighted as an important determinant to clarify the distribution and development of ARF outbreaks. Genetic variation in the emm gene, which encodes the M protein, has been correlated with varying ARF incidence, particularly the occurrence of GAS serotype M18 isolates (20–22). The association of several outbreaks of ARF with the circulation of mucoid GAS strains in the community has been reported (23). Therefore, we might argue that the variability of ARF incidence observed in the same periods in our country could be related to the heterogeneity and resurgence of rheumatogenic strains and to the different distribution of M types, due to the mobility of GAS strains on a global scale (24).

Concerning the peak of incidence observed in our cohort in 2019, an increase in throat GAS infections untreated or not correctly treated could be the explanation. Recently Di Muzio et al. reported knowledge gaps of GAS pharyngitis diagnosis and low adherence rates to the treatment in our country, resulting in difficulties to reduce the incidence of ARF (25). This observation strongly indicates the need to improve the pediatrician's approach to diagnosis and management of GAS infection, as the decline in the incidence of ARF in developed countries in previous decades, has reduced the attention to either diagnosis or treatment of streptococcal pharyngitis.

It is known that first episodes of ARF can rarely occur in children younger than 5 years, the highest incidence being reported among children aged between 10 and 14 years, followed by those ones aged between 5 and 9 years (4, 6, 26, 27), with episodic occurrence in adolescence. Furthermore, our population showed equal distribution.

According to previous studies (15), ARF diagnosis in our cohort showed a typical seasonal distribution pattern, time between the triggered infection and the onset of clinical manifestations being after about 2–3 weeks, predominantly in March, except for chorea which developed after about 40 days from the infection, compatible with a greater latency on developing symptoms.

Arthritis was the most frequent major criterion found in our cohort. Interestingly, in LR group it presented as polyarthritis without being the more relevant, while it is always found in HR group, mainly as monoarthritis, proving to be the most inclusive sign for ARF diagnosis. This observation agrees with a previous study which underlies the clinical relevance of monoarthritis in high incidence population (28), confirming its value as major criteria only in HR population.

Clinical carditis and arthritis in our cohort showed a frequency similar to that reported in studies from the other regions of Northern Italy (15, 29).

After arthritis, carditis was the second represented Jones's criterion in our cohort. It was present in more than half of the overall cohort, significantly predominant in LR patients and mainly involving mitral valve. Similarly, subclinical carditis showed a prevalence in both groups with significant predominance in LR group. This outcome indicated a higher frequency of silent carditis (without a reduction in the frequency of total carditis) in our region than in the regions previously investigated (15, 29). Indeed, in most of the patients of our cohort the presence of polyarthralgia and monoarthritis, as first signs, oriented to a suspicious of ARF, leading to discover a silent carditis. It is known that ARF clinical features can resolve completely in weeks or months, while valvular lesions may persist and lead to RHD (30–32). The evolution of the silent carditis has not been completely clarified; however, a prospective study demonstrated that subclinical lesions can persist and sometimes even worsen (33). Since it has been observed that subclinical RHD prevalence correlates closely with ARF incidence, being considered as its surrogate measure in HR population (34), we highlight the relevance of the echocardiographic evaluation to estimate ARF incidence in HR populations.

Chorea was the third represented criterion in our cohort, females being more affected, as described in other reports (35). As opposed to our results and previous investigations (29), Pastore et al. (30) reported a higher prevalence of chorea (54%). Interestingly, we enlightened a higher frequency of carditis among patients with chorea either at presentation or during the follow-up; of note, chorea was usually associated with mild cardiac involvement, confirming that patients with chorea hardly develop severe carditis (36, 37). Therefore, we empathize that echocardiographic assessment should be routinely performed in each patient with suspected or confirmed chorea in order to identify the presence of valvulitis (even subclinical) at the time of diagnosis or developing later.

Among minor criteria, the prolongation of PR interval [occurring in over 2% of the normal population (38)] was detected in a limited number of our cases without a positive correlation with carditis or with other major criteria.

The present study has some limitations because of its retrospective design and a prospective study will be necessary to confirm our findings. Due to the lack of nationwide epidemiological data, especially in the unexplored South of Italy, an Italian registry of all cases of ARF may be a relevant aim. Finally, we point out the need of a critical approach in the application of the new ARF criteria in children presenting with fever, polyarthralgia and increase of ESR and/or CRP, particularly in HR population.



CONCLUSION

The epidemiological impact of HR criteria is relevant in Tuscany, where their application led to an increase in ARF diagnoses of 30%. Thus, Tuscany should be considered an HR area and the new criteria for HR populations should be used in this region. Moreover, if the observed trend were confirmed, it would represent an inversion with respect to the past century, when a decline in the incidence of ARF in developed countries has been described as consequence of improved public hygiene and widespread use of antibiotics.
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REFERENCES

 1. Markowitz M. The decline of rheumatic fever: role of medical intervention. Lewis W Wannamaker memorial lecture. J Pediatr. (1985) 106:545–50. doi: 10.1016/S0022-3476(85)80069-X

 2. Bradley-Hewitt T, Longenecker CT, Nkomo V, Osborne W, Sable C, Scheel A, et al. Trends and presentation patterns of acute rheumatic fever hospitalisations in the United States. Cardiol Young. (2019) 29:1387–90. doi: 10.1017/S1047951119002270

 3. Kočevar U, Toplak N, Kosmač B, Kopač L, Vesel S, Krajnc N, et al. Acute rheumatic fever outbreak in southern central European country. Eur J Pediatr. (2017) 176:23–9. doi: 10.1007/s00431-016-2801-z

 4. Kumar R, Sharma YP, Thakur JS, Patro BK, Bhatia A, Singh IP, et al. Streptococcal pharyngitis, rheumatic fever and rheumatic heart disease: eight-year prospective surveillance in Rupnagar district of Punjab, India. Natl Med J India. (2014) 27:70–5.

 5. Omurzakova NA, Yamano Y, Saatova GM, Mirzakhanova MI, Shukurova SM, Kydyralieva RB, et al. High incidence of rheumatic fever and rheumatic heart disease in the republics of Central Asia. Int J Rheum Dis. (2009) 12:79–83. doi: 10.1111/j.1756-185X.2009.01388.x

 6. Lawrence JG, Carapetis JR, Griffiths K, Edwards K, Condon JR. Acute rheumatic fever and rheumatic heart disease: incidence and progression in the Northern territory of Australia, 1997 to 2010. Circulation. (2013) 128:492–501. doi: 10.1161/CIRCULATIONAHA.113.001477

 7. Parnaby MG, Carapetis JR. Rheumatic fever in indigenous Australian children. J Paediatr Child Health. (2010) 46:527–33. doi: 10.1111/j.1440-1754.2010.01841.x

 8. Milne RJ, Lennon DR, Stewart JM, Vander Hoorn S, Scuffham PA. Incidence of acute rheumatic fever in New Zealand children and youth. J Paediatr Child Health. (2012) 48:685–91. doi: 10.1111/j.1440-1754.2012.02447.x

 9. Steer AC, Kado J, Jenney AW, Batzloff M, Waqatakirewa L, Mulholland EK, et al. Acute rheumatic fever and rheumatic heart disease in Fiji: prospective surveillance, 2005-2007. Med J Aust. (2009) 190:133–5. doi: 10.5694/j.1326-5377.2009.tb02312.x

 10. Corsenac P, Heenan RC, Roth A, Rouchon B, Guillot N, Hoy D. An epidemiological study to assess the true incidence and prevalence of rheumatic heart disease and acute rheumatic fever in New Caledonian school children. J Paediatr Child Health. (2016) 52:739–44. doi: 10.1111/jpc.13185

 11. Fauchier T, Tafflet M, Filitoga G, Morisse L, Marijon E, Jouven X, et al. Acute rheumatic fever: a population-based study in Wallis, a South Pacific Island. Int J Cardiol. (2015) 181:30–1. doi: 10.1016/j.ijcard.2014.11.193

 12. Guidelines for the diagnosis of rheumatic fever: Jones criteria, updated 1992. Special writing group of the committee on rheumatic fever, endocarditis, and Kawasaki disease of the council on cardiovascular disease in the young, American Heart Association. JAMA. (1992) 268:2069–73. doi: 10.1001/jama.268.15.2069

 13. Gewitz MH, Baltimore RS, Tani LY, Sable CA, Shulman ST, Carapetis J, et al. Revision of the jones criteria for the diagnosis of acute rheumatic fever in the era of doppler echocardiography a scientific statement from the American Heart Association. Circulation. (2015) 131:1806–18. doi: 10.1161/CIR.0000000000000205

 14. Kaplan EL, Rothermel CD, Johnson DR. Antistreptolysin O and anti-deoxyribonuclease B titers: normal values for children ages 2 to 12 in the United States. Pediatrics. (1998) 101:86–8. doi: 10.1542/peds.101.1.86

 15. Licciardi F, Scaioli G, Mulatero R, Marolda A, Delle Piane M, Martino S, et al. Epidemiologic impact of the new guidelines for the diagnosis of acute rheumatic fever. J Pediatr. (2018) 198:25–8. doi: 10.1016/j.jpeds.2018.02.024

 16. Munteanu V, Petaccia A, Contecaru N, Amodio E, Virginio Agostoni C. Paediatric acute rheumatic fever in developed countries: neglected or negligible disease? Results from an observational study in Lombardy (Italy). AIMS Public Health. (2018) 5:135–43. doi: 10.3934/publichealth.2018.2.135

 17. Di Mario S, Gagliotti C, Moro ML. Sanitaria e sociale dell'Emilia-R. Faringotonsillite in Età Pediatrica (Pharyngo-tonsillitis in the pediatric age Regional guidelines) Linea Guida Regionale Dossier. (2015) 253:1–88.

 18. Tronconi E, Miglionico E, Donti A, Pession A, Miniaci A. The impact of acute rheumatic fever in a province of Central-North Italy. Ann Rheum Dis. (2019) 78:1997. doi: 10.1136/annrheumdis-2019-eular.7737

 19. Breda L, Marzetti V, Gaspari S, Del Torto M, Chiarelli F, Altobelli E. Population-based study of incidence and clinical characteristics of rheumatic fever in Abruzzo, Central Italy, 2000-2009. J Pediatr. (2012) 160:832–6. doi: 10.1016/j.jpeds.2011.10.009

 20. Smoot JC, Korgenski EK, Daly JA, Veasy LG, Musser JM. Molecular analysis of group A Streptococcus type emm18 isolates temporally associated with acute rheumatic fever outbreaks in Salt Lake City, Utah. J Clin Microbiol. (2002) 40:1805–10. doi: 10.1128/JCM.40.5.1805-1810.2002

 21. Smoot JC, Barbian KD, Van Gompel JJ, Smoot LM, Chaussee MS, Sylva GL, et al. Genome sequence and comparative microarray analysis of serotype M18 group A Streptococcus strains associated with acute rheumatic fever outbreaks. Proc Natl Acad Sci U S A. (2002) 99:4668–73. doi: 10.1073/pnas.062526099

 22. Gaibani P, Scaltriti E, Foschi C, Baggio E, Tamburini MV, Creti R, et al. Matrix-assisted laser desorption ionization-time of flight and comparative genomic analysis of M-18 group A Streptococcus strains associated with an acute rheumatic fever outbreak in northeast Italy in 2012 and 2013. J Clin Microbiol. (2015) 53:1562–72. doi: 10.1128/JCM.03465-14

 23. Veasy LG, Tani LY, Daly JA, Korgenski K, Miner L, Bale J, et al. Temporal association of the appearance of mucoid strains of Streptococcus pyogenes with a continuing high incidence of rheumatic fever in Utah. Pediatrics. (2004) 113:e168–72. doi: 10.1542/peds.113.3.e168

 24. Towers RJ, Carapetis JR, Currie BJ, Davies MR, Walker MJ, Dougan G, et al. Extensive diversity of Streptococcus pyogenes in a remote human population reflects global-scale transmission rather than localised diversification. PLoS ONE. (2013) 8:e73851. doi: 10.1371/journal.pone.0073851

 25. Di Muzio I, d'Angelo DM, Di Battista C, Lapergola G, Zenobi I, Marzetti V, et al. Pediatrician's approach to diagnosis and management of group A streptococcal pharyngitis. Eur J Clin Microbiol Infect Dis. (2020) 39:1103–7. doi: 10.1007/s10096-020-03821-y

 26. Gurney JK, Stanley J, Baker MG, Wilson NJ, Sarfat D. Estimating the risk of acute rheumatic fever in New Zealand by age, ethnicity and deprivation. Epidemiol Infect. (2016) 144:3058–67. doi: 10.1017/S0950268816001291

 27. Tani LY, Veasy LG, Minich LLA, Shaddy RE. Rheumatic fever in children younger than 5 years: is the presentation different? Pediatrics. (2003) 112:1065–8. doi: 10.1542/peds.112.5.1065

 28. Carapetis JR, Currie BJ. Rheumatic fever in a high incidence population: the importance of monoarthritis and low grade fever. Arch Dis Child. (2001) 85:223–7. doi: 10.1136/adc.85.3.223

 29. Fabi M, Calicchia M, Miniaci A, Balducci A, Tronconi E, Bonetti S, et al. Carditis in acute rheumatic fever in a high-income and moderate-risk country. J Pediatr. (2019) 215:187–91. doi: 10.1016/j.jpeds.2019.07.072

 30. Pastore S, De Cunto A, Benettoni A, Berton E, Taddio A, Lepore L. The resurgence of rheumatic fever in a developed country area: the role of echocardiography. Rheumatology. (2011) 50:396–400. doi: 10.1093/rheumatology/keq290

 31. Caldas AM, Terreri MTRA, Moises VA, Silva CMC, Carvalho AC, Hilário MOE. The case for utilizing more strict quantitative Doppler echocardiographic criterions for diagnosis of subclinical rheumatic carditis. Cardiol Young. (2007) 17:42–7. doi: 10.1017/S1047951106001296

 32. Remenyi B, Elguindy A, Smith SC, Yacoub M, Holmes DR. Valvular aspects of rheumatic heart disease. Lancet. (2016) 387:1335–46. doi: 10.1016/S0140-6736(16)00547-X

 33. Hilário MO, Andrade JL, Gasparian AB, Carvalho AC, Andrade CT, Len CA. The value of echocardiography in the diagnosis and followup of rheumatic carditis in children and adolescents: a 2 year prospective study. J Rheumatol. (2000) 27:1082–6.

 34. Karthikeyan G, Guilherme L. Acute rheumatic fever. Lancet. (2018) 392:161–74. doi: 10.1016/S0140-6736(18)30999-1

 35. Pereira BAF, Da Silva NA, Andrade LEC, Lima FS, Gurian FC, De Almeida Netto JC. Jones criteria and underdiagnosis of rheumatic fever. Indian J Pediatr. (2007) 74:117–21. doi: 10.1007/s12098-007-0001-6

 36. Walker AR, Tani LY, Thompson JA, Firth SD, Veasy LG, Bale JF. Rheumatic chorea: relationship to systemic manifestations and response to corticosteroids. J Pediatr. (2007) 151:679–83. doi: 10.1016/j.jpeds.2007.04.059

 37. Elevli M, Çelebi A, Tombul T, Gökalp AS. Cardiac involvement in Sydenham's chorea: clinical and Doppler echocardiographic findings. Acta Paediatr. (1999) 88:1074–7. doi: 10.1111/j.1651-2227.1999.tb00991.x

 38. Agnew J, Wilson N, Skinner J, Nicholson R. Beyond first-degree heart block in the diagnosis of acute rheumatic fever. Cardiol Young. (2019) 29:744–8. doi: 10.1017/S104795111900026X

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Alberio, Pieroni, Di Gangi, Cappelli, Bini, Abu-Rumeileh, Orsini, Bonuccelli, Peroni, Assanta, Gaggiano, Simonini and Consolini. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fped-09-746505-t003.jpg
Carditis, (%)

Subelinical cardits, n (%)
Chorea, n (%)

Erythema marginatum, n (%)
Subcutaneous nodules, n (%)
Polyarthritis, n (%)
Monoarthiits, n (%)
Polyarthralgia, n (%)
Monoarthralgia, n (%)

First-degree atrioventricular block, 1 (%)

-, not applicable.

LR Group

69(72)
40 (42)
23(24)
9(9)
o
56(58)
0
44 (46)
0
10(10)

Total

73(58)
43(34)
24 (19)
9
0
56 (45)
21(17)
56 (45)
0
13(10)

P-value

<0.001
0.004
0.01
0.11

0.83

0.76





OPS/images/fped-09-746505-t004.jpg
LR group, n (%)
HR group, n (%)
Total, n (%)

Mild

36(52)
3(75)
39(53)

Mitral regurgitation
Moderate
18 (26)

1(25)
19 (26)

Severe

2(9)

2@

Mild

23(33)
0
23(32)

Aortic regurgitation
Moderate
5@

0
5(7)





OPS/images/fped-09-746505-t001.jpg
LR Group

Number of patients, n (%) 96 (77)
Median age, years (IQR) 9.36(3.96)
Sex, n (%) Male 56 (58)

Female 40 (42)
Children aged <5 years, n (%) 5(5)
Children aged from 5 to 10 years, n (%) 60 (63)
Children aged from 10 to 15 years, n (%) 27 (28)
Children > than 15 years, n (%) 4
ASO titer, median (QR) 1,375 (1,045)
Anti-DNase B, mediian (IQR) 926 (1,216)
Number of days between GAS infection and 1(17)

ARF onset, median (IGR)

HR Group

20(23)
952 (3.89)
Male 17 (59)
Female 12 (41)
10
17(59)

10 (35)
10
1,270 (896)
1,384 (1,468)
13 (20)

Total

125 (100)
9.41(3.65)
Male 73 (58)
Female 52 (42)
65
77 (62)
37(29)
5(4)
1,360 (281)
1,109 (1,449)
12 (17)

IQR, interquartile range; ASO, anti-streptolysin antibody; Anti-DNase B, Anti-Deoxyribonuclease

GAS, Group A Streptococcus; ARF, acute rheumatic fever.





OPS/images/fped-09-746505-t002.jpg
Year

2010
2011
2012
2013
2014
2015
2016
2017
2018
2019

*Population at risk data derived by ISTAT census.

School-age
population®

328,525
329,234
329,626
330,341
331,182
331,848
331,719
331,140
330,020
327,293

Incidence with
LR criteria

152
091
3.08
1.82
3.32
3.62
151
423
3.33
5.81

Incidence with
HR criteria

1.62
0.91
3.94
3.03
3.62
5.73
151
6.04
4.24
733

Diagnosis with
LR criteria (%)

100
100
I
60
92
63
100
70
79
79

Diagnosis with
HR criteria (%)

0
0
23
40
8
37
0
30
21
21

HR impact (%)

30
67

58
43

27
26





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Toward the Knowledge of the Epidemiological Impact of Acute Rheumatic Fever in Italy



		Introduction



		Methods



		Study Design and Data Collection



		Statistical Analysis







		Results



		ARF Incidence and Impact of HR Criteria for ARF Diagnosis



		Clinical Presentation: Major Criteria



		Clinical Presentation: Minor Criteria







		Discussion



		Conclusion



		Data Availability Statement



		Author Contributions



		Abbreviations



		References

















OPS/images/cover.jpg
’ frontiers
in Pediatrics

Toward the Knowledge of the
Epidemiological Impact of Acute
Rheumatic Fever in Italy





OPS/images/fped-09-746505-g001.gif
Numbor of cases.

.

s R Ma A Moy Ma W Mg S Od Nor e





OPS/images/fped-09-746505-g002.gif
w0 2

w2 m mw s w6 w0
oor

2o

ED









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Pediatrics





