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Abstract 

Background Rheumatic fever is a long‑term inflammatory disease that can happen if group A beta‑hemolytic strep‑
tococci bacteria are not treated well enough. Rheumatic fever is recognized globally as the leading cause of heart 
disease in the pediatric population. This disease destroys the heart muscle, progressively deteriorating its structure 
and impairing the function of its valves over time.

Aim The aim of this study is to determine the role of serum tenascin‑C in the diagnosis of acute rheumatic fever 
and chronic rheumatic heart disease.

Methods This case–control study involved a group of 60 Egyptian children. Among them, 20 were diagnosed 
with acute rheumatic fever, identified using the updated Jones criteria from 2015. Another 20 children, who were 
suffering from chronic rheumatic heart disease, were also act as a part of the study. The remaining 20 participants, 
healthy children carefully matched in age and sex, served as the control group.

Results Serum tenascin‑C level was significantly increased in acute rheumatic fever (ARF) and highly significantly 
increased in chronic rheumatic heart disease (CRHD) groups when compared with control group (P = 0.04, 0.01), 
respectively. There were highly significant difference between and within the studied groups regarding the mean 
of serum tenascin‑C. Serum tenascin‑C mean of ARF, CRHD, and control was 4.82 ± 18.7, 5.46 ± 1.6, and 3.78 ± 2.4, 
respectively, P = 0.02. Level of serum tenascin‑C was lower in cases with severe mitral valve insufficiency. No significant 
link was found between the level of serum tenascin‑C and C‑reactive protein (CRP), ESR, and ASO titer, with a P‑value 
greater than 0.5. ROC curve for serum tenascin‑C in ARF patients was area under the curve = 0.682 (P = 0.05) with opti‑
mal serum tenascin‑C cut‑off point (> 3.76 ng/ml); ROC curve for serum tenascin‑C in CRHD patients was AUC  = 0.73 
(P = 0.01) with cut‑off point level (73.76 ng/ml).

Conclusion Patients with ARF and CRHD have increased level of serum tenascin‑C. Serum tenancin‑C is superior 
in the diagnosis of ARF in comparison to CRP, ESR, and ASOT. Tenascin‑C level can be used as a diagnostic marker 
for ARF and CRHD.
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Background
Rheumatic fever, a persistent inflammatory condition, 
can be a severe complication from insufficient treat-
ment of group A beta-hemolytic streptococci bacteria. 
This disease progressively damages the heart valves. It 
is the leading cause of heart disease among children 
worldwide [1]. There have been three major groups of 
ideas, which have been advanced during the past five 
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decades to clarify streptococcal etiology for rheumatic 
fever. These include the following: direct infection, 
impacts of streptococcal toxin, and, most plausibly, the 
concept of antigenic mimicry in combination with an 
abnormal immune response [2].

Duckett Jones developed the diagnostic criteria 
(major and minor) for acute rheumatic fever in 1944, 
and they have since been revised in 1965, 1984, 1992, 
2002, and 2015 [3]. For a disease diagnosis, it is nec-
essary to have either two major criteria or one major 
and two minor criteria present, along with evidence of 
a recent streptococcal infection [3].

The majority of heart valves consist of various com-
ponents such as the extracellular matrix (ECM), 
smooth muscle, fibroblasts, and endothelial cells [4]. 
Tenascin-C (TnC), a hexameric glycoprotein, serves a 
multitude of functions. It is a crucial part of the ECM, 
produced by interstitial fibroblasts, and its levels are 
notably increased in inflammatory diseases [5]. Dur-
ing embryo development, only low levels of tenascin-
c are present for a short time. In places where wounds 
heal, cancer grows, and myocarditis, higher levels of 
TnC expression have been found [6]. The goal of this 
research is to find out if serum tenascin-C plays a role 
in the diagnosis of acute rheumatic fever and chronic 
rheumatic heart disease.

Patients and methods
Our present study was carried out in New Children 
Hospital-Cairo University and National Research Cen-
tre, Egypt. The study is a case–control one in which all 
participants were 60 Egyptian children and adolescent of 
both sex with their ages ranging between 3 and 18 years 
old stratified into 3 groups:

• Group 1: In twenty patients with acute rheumatic 
fever, the diagnosis was based on Jones criteria 
update (2015) [3].

• Group 2: Twenty patients with chronic rheumatic 
heart disease

• Group 3: Twenty age- and sex-matched healthy chil-
dren and adolescent who served as a control group

All patients were recruited from rheumatic fever out-
patient clinic, inpatient ward of Children Hospital-
Cairo University, and outpatient pediatrics clinic of the 
National Research Center. An informed consent was 
approved and signed by parents of all our study par-
ticipants according to guidelines of Ethical Committees 
of Children Hospital, Cairo University, and National 
Research Centre, Egypt, approval no. 15077.

Patients eligible for the study showed the following:

Inclusion criteria

1. Age of patients ranged between 3 and 18 years old
2. Diagnosis of acute rheumatic fever is based on Jones 

criteria updated 1992.
3. Chronic rheumatic heart disease group

Exclusion criteria
Patients with other chronic systemic diseases.

All participants were subjected to the following:

1. Full history including demographic data, age of dis-
ease onset, disease duration, clinical manifestations 
of the disease, and treatment given to each patient

2. Full physical examination specific for cardiac aspect, 
with measurement of the blood pressure and heart 
rate

3. Laboratory investigations are as follows:

a. Complete blood count by Sysmex.
b. Erythrocyte sedimentation rate.
c. C-reactive protein by latex.
d. Antistreptolysin O titer by latex.
e. Serum tenascin-C by ELISA technique.

4. Twelve lead electrocardiogram and full echocardio-
graphic (ECG) study.

Echocardiographic examination
Echocardiographic studies were performed accord-
ing to methods established by the American Society 
of Echocardiography [7] with 2.5–3.8 MHz transducer 
frequencies using a Vivid 5 GE ultrasonic imager. Path-
ological valvular insufficiency was evaluated accord-
ing to World Health Organization criteria [8]. Doppler 
methods, including assessment of regurgitant jet char-
acteristics, were used in the assessment of the severity 
of valvular regurgitation [9].

Methodology
Six milliliters of peripheral venous blood samples was 
withdrawn from each participant under complete asep-
tic conditions. Portion of blood samples were anticoag-
ulated with EDTA for performing CBC and ESR. Then 
sera were left to clot at room temperature and centrif-
ugated. Sera were aliquated and uniquely labeled for 
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assessment of C-reactive protein and antistreptolysin 
O titer; part of sera were stored at − 20 °C for further 
assessment by ELISA. Serum tenascin-C was assayed 
using MyBioSource ELISA Kit, cat no. MBS177649 [10].

Statistical analysis
Statistical Package for Social Science (SPSS) program 
version 16 was used for analysis of data. Data were sum-
marized as mean ± SD. Student’s t-test for quantitative 
independent variables was used for analysis of difference 
between two groups. Comparison of multiple groups was 
done using one-way ANOVA. Correlation between quan-
titative variables was done using Pearson’s bivariate test. 
In all test, P < 0.05 was considered statistically significant. 
Receiver operator characteristic curves (ROC curves) 
were drawn for ARF and CRHD groups.

Results
The study encompassed 20 patients diagnosed with acute 
rheumatic fever (ARF), including 12 males and 8 females, 
with fifteen cases showing isolated arteritis and five cases 
presenting with carditis. Furthermore, 20 patients (15 
males, 5 females) were dealing with chronic rheumatic 
heart disease (CRHD). A control group was also part 
of the study, consisting of 20 individuals (14 males, 6 
females).

Comparison between values of serum tenascin-C (ng/
ml) in the studied groups were demonstrated in Fig.  1. 
Serum tenascin-C level was significantly increased in 
ARF and GRHD groups when compared with control 
group (P = 0.04, 0.01), respectively. The mean levels of 
serum tenascin-C in ARF, CRHD, and control were 
7.16 ± 9.7, 5.46 ± 1.6, and 3.78 ± 2.4, respectively (Fig.  1). 

Figure 2 clarifies the level serum tenascin-C in the CRHD 
regarding the severity of mitral regurge (MR) according 
to echo cardiac valve affection. The mean levels of serum 
tenascin-C were 6.36 ± 1.5 in patients with mild MR 
(n = 10), 5.84 ± 1.04 in patients with moderate MR (n = 5), 
and 3.88 ± 0.86 in patients with severe MR (n = 5).

Correlation between serum tenascin-C and CRP, 
ESR, and ASOT in ARF is shown in Table 1. There was 
no significant correlation between scrum tenascin-C 
level and CRP, ESR, and ASOT (P > 0.5). ROC curve for 
serum tenascin-C in ARF patients was area under the 
curve = 0.682 (P = 0.05) with optimal scrum tenascin-C 
cut-off point (> 3.76 ng/ml), sensitivity 75%, and specific-
ity 65%. Positive predictive valve is 68.2% and negative 
predictive valve 72.2% (Fig. 3).

ROC curve for serum tenascin-C in CRHD patients 
was AUC  = 0.73 (P = 0.01) with cutoff point level 73.76 
ng/ml, sensitivity 90%, specificity 65%, positive vindictive 
valve 72%, and negative predictive valve 86.7% (Fig.  4), 
i.e., ROC curve for serum tenascin-C in ARF patients and 
CRHD patients indicates that serum tenascin-C is useful 
test for diagnosis of ARF and CRHD.

Discussion
Tenascin-C is believed to have a significant role in the 
immune system and the development of inflammatory 
diseases. In this specific study, it was observed that the 
levels of serum tenascin-C were notably elevated in cases 
of ARF and CRHD, with statistical significance marked 
by a P-value of 0.04 and 0.01, respectively.

In a study parallel to ours, Golledge et  al. [5]. discov-
ered that patients with rheumatic heart disease had 
significantly elevated levels of serum tenascin-C when 

Fig. 1 Comparison between values of tenascin‑C (ng/ml) in the studied groups
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compared to control subjects (P < 0.05). This observa-
tion was further corroborated by Karatas and colleagues 
[11], who found a notable increase in tenascin-C levels in 
patients with ARF and CRHD compared to their control 
group (P < 0.05). They even suggested that the extent of 
the rise in serum TnC levels can be used as a dependable 
predictor for ARF.

Davutoglu et al. [12]. explored the progression of rheu-
matic carditis in their study, emphasizing its association 
with immunological and biochemical disturbances. They 
pointed out that the development of rheumatic heart 

Fig. 2 Comparison between values of tenascin‑C (ng/ml) in chronic group according to echo mitral valve affection

Table 1 Correlation between serum tenascin‑C and CRP, ESR, 
and ASOT in acute rheumatic fever group (n = 20)

P > 0.05, not significant

P < 0.05, significant

Items Spearman’s correlation (R) p-value

CRP 0.181 0.43

ESR 0.224 0.34

ASOT 0.27 0.23

Fig. 3 ROC curve of serum tenascin‑C in acute rheumatic fever 
group

Fig. 4 ROC curve of serum tenascin‑C in chronic rheumatic heart 
disease group
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valve disease in carditis is a complex process, influenced 
by genetic factors that make an individual more suscepti-
ble to autoimmune reactions [13]. The link between heart 
valve damage, the development of valve fibrosis, and 
immune-inflammatory response is well-recognized [14]. 
Degenerative valve lesions exhibit several characteristics 
typical of active pathological processes, such as chronic 
inflammation, lipoprotein deposition, and active calcifi-
cation [15]. Moreover, the role of expressional tenascin-
C in the development of fibrosis during tissue repair has 
also been established [14].

In this study, it was found that serum tenascin-C lev-
els were lower in children with severe mitral valve insuf-
ficiency compared to those with mild and moderate 
insufficiencies, a finding that aligns with results reported 
by Karatas et  al. Vollmer et  al. [16] suggested that in 
the absence of tenascin-C, neutrophil invasion remains 
unaffected, but monocyte chemotaxis and macrophage 
migration are inhibited, potentially leading to insufficient 
tissue repair. This was supported by a study on tenascin-
deficient mice, which showed less neointimal prolif-
eration, indicating that impaired tenascin-C production 
could result in failed tissue repair.

Karatas et al. [11] also found in their chronic rheumatic 
heart disease (CRHD) group that valve replacement was 
performed in three patients with very low tenascin-C 
levels in the chronic phase. This suggests that low serum 
tenascin-C levels could be a useful predictor for surgi-
cal treatment. They concluded that the immune system-
mediated tissue repair process is completed appropriately 
in rheumatic carditis in cases with normal tenascin-C 
levels, and that serum tenascin-C could be used to pre-
dict the disease’s prognosis.

In the present study, no significant correlation was 
found between serum tenascin-C and CRP, ESR, and 
ASOT in ARF. This is in agreement with data from Kara-
tas et  al. [11], who reported no statistically significant 
difference between patients with ARF in terms of serum 
tenascin-C and other acute phase reactants (CRP, ASOT, 
ESR). This suggests that serum tenascin-C is more sensi-
tive in diagnosing ARF than other acute phase reactants.

In terms of ARF, the area under the curve (AUC) in 
our study was 0.682 (P = 0.05) with a cutoff point of 73.76 
ng/ml, a sensitivity of 75%, a specificity of 65%, a posi-
tive predictive value of 68.2%, and a negative predictive 
value of 72.2%. For CRHD, the AUC was 0.73 (P = 0.04) 
with a cutoff point of > 3.76 ng/ml, a sensitivity of 90%, a 
specificity of 65%, a positive predictive value of 72%, and 
a negative predictive value of 86.7%. These results suggest 
that serum tenascin-C is a very useful test for identifying 
ARF and CRHD.

Karatas et al. [11] reported similar findings in a study 
conducted on 25 patients with ARF and 25 patients 
with CRHD. For ARF, the ROC analysis AUC was 0.953, 
with a cutoff point of 2.08 ng/ml, a sensitivity of 93.3%, 
and a specificity of 95%. For CRHD, the AUC was 0.92 
(P < 0.001) with a cutoff point of 1.56 mg/ml, a sensitivity 
of 83.3%, and a specificity of 85%. These findings support 
the use of serum tenascin-C as a new biomarker for the 
diagnosis of ARF and CRHD.

Conclusion
Patients with acute rheumatic fever (ARF) and chronic 
rheumatic heart disease (CRHD) exhibit elevated levels 
of serum tenascin-C. Serum tenascin-C may be more 
helpful for diagnosing ARF when compared to CRP, ESR, 
and ASOT. Therefore, serum tenascin-C can be utilized 
as a marker for diagnosing ARF and CRHD. Future pro-
spective studies which include larger population are 
required to ascertain if serum tenascin-C can serve as a 
reliable biochemical test for predicting the prognosis of 
CRHD.
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