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Abstract

Background: Our aims were to clinically and epidemiologically characterize rheumatic fever (RF) in the current era
in Israel. Although there has been a steady decline in the incidence of RF in the western world, evidence of disease
resurgence in developed countries continues to be published. The paucity of recent epidemiological data prompted
our study.

Methods: Medical files were retrospectively reviewed for all children with RF in our tertiary pediatric university-affili-
ated hospital from 1993 to 2017. Main outcome measures were patients and disease related characteristics, incidence
trends, risk factors, disease course, relapse rates and secondary prophylaxis.

Results: The cohort included 307 children. Sixty-four percent presented with arthritis, interestingly including hips
and small joints of hands and feet at presentation, 52% presented with carditis. Severe carditis developed in 31
patients (19.5%), of whom 21 (13.2% of all carditis patients) acquired heart failure, 5 required intensive care monitor-
ing, with one recent death. The percentage of patients with acute carditis of the overall RF patients remained rela-
tively stable. Thirty-two patients (10% of patients with RF) relapsed, including 11 with a cardiac relapse (3.6% of all
cardiac patients). The recurrence rate of RF continued to rise up to 9 years from the initial episode. One of 147 patients
(<0.7%) with a non-cardiac initial presentation had carditis at relapse.

Conclusion: RF and rheumatic heart disease remain an important cause of morbidity and mortality including devel-
oped countries, with relapse rate continuing after 9 years of prophylaxis. Presentation of small joints as well as hips,
although uncommon, should not exclude the diagnosis.
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Introduction presence of two major Jones criteria or one major and

Rheumatic fever (RF) is an inflammatory process trig- two minor criteria, with the abovementioned GAS infec-

gered by group A beta hemolytic streptococcal (GAS) tion being a prerequisite to diagnosis [2]. The cardiac

tonsillopharyngitis [1]. Diagnosis depends on the system is not the most often involved, but it is the most
important in terms of morbidity and mortality.

RF and rheumatic heart disease (RHD) pose a global

iCOWeSpondence: rotemdeclalit.org.il _ health burden, with an estimated 470,000 new cases
ai(i;irr:w and Mohamad Hamad Saied contributed equally as co-first of acute RE per year, of which 60% lead to rheumatic
! Pediatric Rheumatology Unit, Schneider Children’s Medical Center heart disease [3]. The last few decades show a continu-
of Israel, 4920235 Petach Tikva, Israel ous decline in the incidence of RF in the western world,
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attributable to rapid treatment of GAS infections as well
as general improvements in socioeconomic status [4].
Nevertheless, evidence of disease resurgence in devel-
oped countries continues to be published, including in
the intermountain area of the Unites States [5], Europe
[6, 7], and Australia [8, 9].

In 2015, the American Heart Association published the
revised Jones criteria. The changes stratified populations
into low, medium and high risk for acute RF and included
echocardiographic definitions of carditis. The revised
guidelines set more lenient criteria for the medium- high
risk populations in an effort to decrease RF underesti-
mations [2]. A retrospective study of 93 Indian patients
found that the use of the modified 2015 Jones criteria
increased the rate of diagnosis of RF from 66 to 86% [10].

Acute RF continues to be the most common cause of
acquired heart disease in the developing world [11].

The paucity of recent epidemiologic data on acute RF in
developed countries prompted the present study in Israel,
where acute RF remains endemic. The aim of the study
was to document patient- and disease-related parameters
for all patients diagnosed with RF over the last 25years
at a major tertiary pediatric university-affiliated medical
center in central Israel and to calculate the incidence and
relapse rates.

Methods
Patients and setting
A retrospective cohort design was used. Data were col-
lected from the medical records of all patients up to
18years of age diagnosed with acute RF at the Schneider
Children’s Medical Center of Israel located in the central
urban area of the country from 1993 to 2017. All patients
underwent assessment by a cardiologist, including
echocardiography. The charts were reviewed to ensure
adherence to the revised 2015 Jones criteria [2] with par-
ticular emphasis on monoarthritis to ensure the correct
diagnosis. Patients who did not meet the criteria were
excluded, as were patients with co-morbidities, includ-
ing background rheumatological, neoplastic and cardiac
diagnoses. Treatment and concomitant prophylaxis was
in accordance with the American Heart Association rec-
ommendations. Elevated levels of Antistreptolysin O
(ASLO) were defined according to our local laboratory
references levels.

The study was approved by the local Helsinki Commit-
tee (REB no. 0253-17-RMC).

Statistical analysis

Categorical variables are described as frequency (%),
and ordinal variables, as median and interquartile range.
Continuous variables were tested for normal distribution
using histograms and Q-Q plots. Normally distributed
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continuous variables are described as mean and stand-
ard deviation, and non-normally distributed variables, as
median and interquartile range. The rate of disease recur-
rence over time was determined using Kaplan-Meier
curves. Median follow-up time was calculated using the
reverse sensory method.

Univariate Cox regression was used to test the associa-
tion between each predictor and disease recurrence in
general and with cardiac recurrence in particular. One-
sample t-test was used to compare the number of mem-
bers per household in the cohort to the average number
in the general population throughout the study period
according to the published data of the Israel Central
Bureau of Statistics [12, 13]. Chi-squared test was used to
determine the association between antibiotic treatment
during pharyngitis, gender and carditis. Patients with or
without carditis were compared by age using independ-
ent-samples t-test, and by inflammatory markers, using
Mann-Whitney U test. Spearman’s rank correlation coef-
ficient was used to describe trends in the presentation of
patients with RF, the presentation of patients with cardi-
tis, and the incidence of carditis among all patients with
RE.

All statistical analyses were performed with the IBM
SPSS statistical package (SPSS 24 Inc., Chicago, IL, USA).

Results

Demographic data

Of the 402 patients whose records were screened, 307
were included in the study. Basic demographic and clini-
cal characteristics of the patients are depicted in Table 1.
There were 188 male (61%) and 119 female patients
(39%) of mean age 9.73 +3.45years (range 2.3-17.5years)
at diagnosis. A family history of acute RF or RHD was
documented in 70 patients (23%). Patients represented
85 geographical areas with a varied ethnic and socio-
economic background including 57% Jews of European,
Mediterranean and Ethiopian origin, as well as Arab chil-
dren from various cities. Our study population resided
in households with a median of 6 family members (range
5-8 members), compared to 3.4 in the general population
for the same time period. A larger household was sig-
nificantly associated with an increased incidence rate of
acute RF (P<0.001).

Arthritis was the most common sign, manifesting
in 197 patients (64%).Patients had a mean of 3+1.75
involved joints (range 1-10), particularly the knees
(63%) and ankles (57%). The arthritis was migratory in
152 patients (77%). Twenty patients (10%) had mono-
arthritis. Involvement of the small joints of the hands
and feet was noted in 28%, and initial hip involvement
in 20%. Patient with hip involvement were less likely to



Tal et al. Pediatric Rheumatology (2022) 20:20 Page 3 of 8
Table 1 Basic demographic and clinical characteristics of the patients with acute rheumatic fever
Parameter At presentation At relapse P-value
Total number 307 32 NA
Females 119 (39%) 14 (44%) 0.575
Mean age at onset (years) £ SD (range) 9.734£345(23-17.5) 10.943.6 (29-16.9) 0.0700
A family history of acute rheumatic fever 70 (23%) 6 (19%) 0.824
Duration of hospitalization (days, mean) 8.83+6.91 10.37+£69 0.2570
Ethnicity — Jewish 177 (53%) 1(52%) 0.7339
Arab 34 (11%) 3(14%)
Duration of follow-up (months), median & SD (range) 494 (13-102) 32 (22-87) NA
Streptococcal exposure
Recent pharyngitis 175 (57%) 10 (38%) 0.099
Positive throat culture 143 (47%) 20 (63%) 0.548
Elevated ASLO titer 238 (78%) 22 (71%) 03717
Median time from onset of pharyngitis to hospital admission 2232+£19.8 25.6+£204 0.3747
(days, mean)
Clinical manifestations — major criteria
Arthritis 197 (64%) 20 (63%) 0.849
Carditis 160 (52%) 1(34%) 0.064
Chorea 47 (15%) 5(16%) 0.900
Erythema marginatum 16 (5.2%) 1(3.1%) 1.000
Subcutaneous nodules 2(0.7%) 13.1) 0.258
Minor criteria
Fever 94 (32%) 7 (53%) 0016
Arthralgia 229 (75%) 1 (34%) >0.001
Prolonged PR 23 (7.5%) 3(9.4%) 0.724
Elevated CRP 269 (87%) 24 (75%) 0.058
CRP (mean+SD) 86+77 11.24+86 0.0952
Elevated ESR 278 (91%). 27 (84%) 0.347
ESR (mean = SD) 79.7+£28 81.6+31 0.7453

NA Not applicable

have carditis compared to patients with arthritis of other
joints [11(27.5%) versus 67 (45%), respectively, P=0.049].

Table 2 describes the rate of joint involvement.

Carditis was found in 160 patients (52%); 147 (92%)
had mitral valve insufficiency and 109 (68%), aortic valve
insufficiency. Other valve manifestations included tri-
cuspid regurgitation (2%), mitral stenosis (2%), pulmo-
nary valve incompetence (0.6%), and moderate aortic
stenosis (0.3%). Steroid therapy was given to 31 patients
with severe carditis (19.5% of carditis patients; 10% of all
patients). The remaining carditis patients received ace-
tylsalicylic acid. Cardiac failure developed in 21 patients
(13% of patients with cardiac involvement) Five of these
patients required admission to the intensive care unit
(during the years 2017-2018); one patient died (0.3%
overall mortality), a fifteen-year-old male with trisomy 21
and normal previous cardiac screen. He presented with
fever, elevated inflammatory markers and severe cardi-
tis, with consequent rupture of chordae tendinae of the

Table 2 Characteristics of joint involvement among the cohort

Parameter At presentation At relapse P-value
Migratory arthritis 152 (77%) 16 (80%) 0.461
Mono arthritis 21 (10%) 1 (5.0%) 0.701
Distribution
Knee 24 (63%) 2 (60%) 0.812
Ankle 113 (57%) 8 (40%) 0.160
Small joints of 55 (28%) 7 (35%) 0.604
hands and feet
Hip 41 (21%) 6 (30%) 0.392
Wrist 30 (15%) 2 (10%) 0.745
Elbow 24 (12%) 4 (20%) 0.301
Spine 14 (7.1%) 1(5.0%) 1.000
Shoulder 12 (6.1%) 2 (10%) 0.624
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mitral valve. He passed away during urgent surgical valve
replacement attempt. Patients who had carditis were
significantly older than those who did not (mean age
10.28+3.14years vs 8.97+3.66years, P<0.001). Resid-
ual heart disease was found in 64% of the patients with
carditis.

Inflammatory markers were markedly elevated. At
admission, CRP was positive in 269 patients (87.6%) and
erythrocyte sedimentation rate (ESR) was elevated in 278
(90.5%).

Chorea was found in 47 patients (15%). Chorea was
present for a mean of 218.5+482.8days. It was twice as
common in girls (P=0.01).

Skin manifestations were rare: 16 patients (5.2%) had
erythema marginatum and 2 (0.7%) had subcutaneous
nodules.

Antecedent GAS infection and antibiotic treatment

Recent pharyngitis was reported by 175 patients (57%),
of whom, according to patient reports, 63 (36%) received
appropriate antibiotic therapy, 44 (25%) received par-
tial treatment, and the remainder were untreated. The
median time from onset of pharyngitis to hospital admis-
sion was 14-days (mean 22.32 4+ 19.8 days).

Hospitalization and recurrence

The mean duration of hospitalization was 8.83 +6.91 days,
and the average follow-up time per patient was 49 months
(range 13-102 months). The rate of recurrence of RF varied
by duration of follow-up. Of the 268 children who were
followed continuously in our hospital, 32 had a recurrence
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(18 patients receiving oral therapy, 13 patients receiving
parenteral therapy). After taking into account patients lost
to follow up, recurrence rate was 8.7% after 2years, 13.9%
at 5years, and 21.2% after 9years. Details regarding clini-
cal features at relapse are presented in Tables 1 and 2.

Carditis recurred in 11 of the 268 patients (4%) under
long-term follow-up. In 10 of them, carditis was part
of the initial presentation. The remaining patient, in
whom carditis was part of relapsed RF, had only non-
cardiac symptoms at presentation: fever, migratory
arthritis, elevated inflammatory markers and positive
anti-streptococcal serology. His initial echocardio-
gram was normal, and he was discharged after 9 days
with oral antibiotics. He returned after 11 months
with a similar presentation, this time including mod-
erate, asymptomatic, mitral valve incompetence. At
discharge, he was referred for parenteral antibiotic
prophylaxis. His most recent cardiac assessment per-
formed 26 months later, showed minimal residual
mitral valve incompetence.

The median age of patients at the time of carditis
recurrence was 9.8 years (range 7-12). Older age at dis-
ease onset was associated with a lower risk of cardiac
recurrence [HR older age at onset=0.79, 94%CI 0.63-
0.99, P=0.043). Figure 1 shows the recurrence rate of
RF with carditis.

Incidence of RF and carditis over time

The incidence rate of RF was calculated relative to
the overall admissions in our hospital during the
study period, with a final incidence per 1000 general
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admissions. Over the 25year period of the study, the
incidence of RF at our center ranged from 5.27 per
1000 in 1993 to 0.53 per 1000 in 2017. There was a gen-
eral decrease in the incidence of both rheumatic fever
(r=—0.544, P=0.005) as well as carditis (r=0.698,
P<0.001), demonstrated in Fig. 2. However, there was
no decrease in the incidence of carditis as the initial
presentation of RF during the study period (r=—0.274,
P=0.184), Fig. 3.

Discussion

This is the most expansive hospital study of Acute RF
in Israel, spanning 25years in a pediatric tertiary care
center.

Rheumatic fever incidence
Globally, RF remains a significant contributor to mor-
bidity, particularly in developing countries. The annual
incidence varies widely from 0.5 per 100,000 in the USA,
escalating to 8 per 100,000 to 51 per 100,000 in children
and young adults in developing countries [14—16]. The
global age-standardized mortality rate of RHD decreased
by 47.8% from 1990 to 2015. In 2015, there were 33.4 mil-
lion cases of RHD and 10.5 million disability-adjusted life
years secondary to RHD globally [16].

The most recent study by Vinker et al [17] in 2010
reported an annual incidence of rheumatic fever in Israel
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of 7.5 per 100,000 population. The current study at our
tertiary referral center in central Israel covers the period
from 1993 to 2017. The incidence has declined from 5.27
to 0.54 per 1000 admissions, likely reflecting the general
decrease in incidence illustrated in developed countries.

The worldwide decline in RF prevalence during the last
decades is multifactorial. These include improvement in
factors that influence the transmission of GAS such as
access to high-quality and prompt health care, educa-
tion and household overcrowding [4, 16, 18]. Jaine et al.
reported that in New-Zealand, RF rates were associated
with household crowding and that this effect persisted
after controlling for the density of children in the neigh-
borhood [18]. Israel is one of the most densely popu-
lated countries in the world, and its level of population
density continues to escalate. It is estimated to become
the most densely populated country in the world by 2040
[19]. Nevertheless, its household crowding gradually
decreased through the years 1980-2019 [20]. This data
support the findings from New-Zealand and strengthen
the importance of household crowding as a major risk
factor for GAS transmission and RF incidence.

Epidemiologic factors

The male: female ratio of affected patients was 2:3 as
reported by the World Health Organisation [21] in
contrast to a recent report of 1:1 ratio among the USA

6
° 5
c
©
"
3
o
Sz
L €
o O
Q s
= N
3 = 3
QO ©
c
3%
T 2,
s M
d ,\ /4\ /’\
/ .S *
2 1 \‘,-"-_..“_w‘(_o_ .\\, \*," NV \\
. NG ¢ a
Ny a N
oL 0= 00 e
1990 1995 2000 2005 2010 2015 2020
Year
== == == Rheumatic Fever Incidence
Carditis Incidence
Fig. 2 Rheumatic fever and carditis incidence proportion of overall hospitalized patients




Tal et al. Pediatric Rheumatology (2022) 20:20

Page 6 of 8

0.9

0.8

0.7

0.6

0.5

0.4

03

0.2

Carditis percent out of total RF patients

0.1

0

1990 1995 2000

Fig. 3 Proportion of Carditis Patients Out of All Rheumatic Fever Cases

2005
Year

2010 2015 2020

population [22]. Our patient population spanned a
wide geographical and ethnic range. The significantly
high number of members per household compared to
the average Israeli household confirmed relative over-
crowding as an independent risk factor for RF [23].
According to the recent USA report by Loizaga et al,,
children living in more deprived communities are at
increased risk of severe RHD. This may reflect living
conditions such as overcrowding, poor sanitation, and
poor hygiene, which may serve as risk factors to expo-
sure to group A streptococcus [22].

Twenty-three percent of our patients had a family his-
tory of RF /RHD. We assume this to be at least partially
influenced by cultural and socio-economic similarities.
There is a known genetic susceptibility conferred by
polymorphism of genes involved in innate and adaptive
immune pathways [24]. Our patients did not undergo
genetic assessment.

The long duration of hospitalization (mean
8.83+6.91days) emphasizes the previously reported,
substantial health and financial strain commencing in
the acute phase of this disease.

More than half the patients (57%) had a history of
pharyngitis, of which 64% received inadequate or no
antibiotic therapy, highlighting the importance of
adherence to primary prophylaxis regimen.

Arthritis

Regarding arthritis, interestingly 20% presented with ini-
tial hip involvement, a relatively less commonly involved
joint [25]. These patients had statistically significant less
carditis as compared to other joint involvement. Arthritis
was non-migratory in 15%. 11% of patients had monoar-
thritis. No anti-inflammatory medications were adminis-
tered that may otherwise explain this joint manifestation
as an aborted attack. Small joints of the hands and feet
were involved at initial presentation in 29% of patients.
In contrast to hip involvement, there was no difference
between cardiac involvements when comparing them to
typical joint presentations.

Carditis

In our study, the incidence of carditis decreased through-
out the study period in parallel to the general decrease
in the incidence of RF. However, the proportion of car-
ditis cases among patients with RF remained unchanged.
All patients were recommended continued penicillin
prophylaxis.

In view of the global burden of rheumatic heart disease,
our findings emphasize the importance of bearing a RF
diagnosis in mind and screening for cardiac involvement
despite the decreasing global incidence, particularly in
developed countries.
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RF recurrence

RF recurred in 32 patients (8.7% within the first 2years
and 13.9% by 5years). The rate of recurrence increased
steadily to 21.2% at 9years, highlighting the importance
of continued long-term prophylaxis. No further increase
in rate was shown after 9years. The rate of recurrence
was 15% in patients on oral antibiotic prophylaxis com-
pared to 9% in patients on parenteral prophylaxis (HR
=0.524 for parenteral prophylaxis). This finding supports
previous data showing improved compliance and less
recurrence in patients on parenteral vs oral therapy [26].
Most of the patients with recurrent carditis had evidence
of re-infection as per ASLO or positive throat culture.
Due to the retrospective nature of our study, we have no
direct way of knowing their compliance or lack of, but
compliance may have been lower in these patients. It
should be noted that although adherence to prophylaxis
is unknown, we previously showed overall poor adher-
ence to secondary prophylaxis to penicillin in Israel [27].

Limitations

Our study was limited by the biases inherent to a retro-
spective study. The setting of the study in a tertiary medi-
cal center posed a risk of selection bias. We were also
unable to confirm antibiotic compliance, particularly in
the oral prophylaxis group.

Conclusions

To our knowledge, this is the largest study of pediatric RF
in a developed country to date, spanning 25years. Pres-
entation of small joints as well as hips should not exclude
the diagnosis. Initial hip arthritis was associated with less
cardiac involvement. Only one patient with carditis at
relapse did not have carditis at initial presentation. The
findings emphasize that ARF and RHD remain an impor-
tant cause of morbidity and mortality, with relapses con-
tinuing after 9 years, highlighting the need for prolonged
prophylaxis.
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