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Abstract

Background: There is an evidence of a chronic inflammatory state in patients with chronic rheumatic valvular heart
disease (RHD) as shown by high serum levels of high-sensitivity C-reactive protein (hs-CRP) and interleukin-6 (IL6).
Despite the efficacy of long-acting penicillin (LAP) in secondary prevention of rheumatic fever, its effect on this
inflammatory state is still unknown. So, we sought to study the effect of LAP on the inflammatory markers, CRP and
IL-6, in patients with chronic rheumatic heart disease.

Results: Eighty RHD patients coming to our hospital’s outpatient clinic for rheumatic fever secondary prophylaxis
by regular administration of LAP were enrolled in the study. Patients were divided into 3 groups: group A, 70
patients with RHD already on prophylactic LAP, group B, 10 patients with RHD who have not yet started
prophylactic LAP, and group C, control group of 10 healthy individuals not known to have RHD. Serum levels of
LAP, IL-6, and CRP were measured for the three groups.

Group A had significantly lower IL-6 levels than group B (2522 + 33.50 vs. 126.1 + 33.76nng/ml, respectively, p <
0.0001). IL-6 levels were significantly lower in control subjects compared to patients in group B (3.600 + 2.319, 25.22
+ 33.50 ng/ml, respectively, p < 0.0001). However, IL-6 levels in the control group were lower but non-significantly
different compared to group A. CRP level was lower in group A than group B (8419 + 4935 vs. 14400 + 3375 mg/dl,
respectively, p = 0.0002). CRP levels were significantly lower in control subjects compared to patients in group A
and group B. IL-6 values were positively correlated with CRP values (r = 06387, p < 0.0001).

CRP values were negatively correlated with LAP values (r = -0.5277, p < 0.0001). IL-6 values were negatively
correlated with LAP values (r = — 0.4401, p < 0.0001). There was a highly significant difference between LAP level in
compliant and non-compliant patients (1.045 + 1.270 vs. 0.0785 + 0.1057 ng/ml, respectively, p value < 0.0001).
There was also a highly significant difference between CRP level in compliant and non-compliant patients (7640 +
4558 vs. 13090 + 4717 mg/dl, respectively, p = 0.005). Moreover, there was a significant difference between IL-6
levels in compliant and non-compliant patients (21.53 + 32.70 vs. 47.40 + 30.91 ng/ml, respectively, p value 0.03).

Conclusion: Serum LAP has a strong negative correlation with IL-6 and CRP levels. Regular administration of LAP
strongly ameliorates the inflammatory state seen in patients with RHD.

Keywords: Long-acting penicillin, C-reactive protein, Interleukin-6, Rheumatic heart disease

* Correspondence: ahmadyousoff@yahoo.com
Cardiology Department, Ain Shams University, Cairo, Egypt

. © The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
@ SPrlnger Open which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
— appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://crossmark.crossref.org/dialog/?doi=10.1186/s43044-021-00141-0&domain=pdf
http://orcid.org/0000-0002-2480-8819
http://creativecommons.org/licenses/by/4.0/
mailto:ahmadyousoff@yahoo.com

Yousef et al. The Egyptian Heart Journal (2021) 73:19

Background

Rheumatic fever is the most important cause of ac-
quired heart disease in children and young adults
worldwide. It is an inflammatory reaction that occurs
approximately 10 to 21 days after throat infection
with virulent strains of group A beta-hemolytic
streptococci [1].

C-reactive protein is increased in patients with acute
rheumatic fever. High levels of hs-CRP in patients with
chronic rheumatic valve disease indicate the persistence
of inflammation in the chronic phase [2].

Inflammatory cytokines, such as TNFa, IL-8, and
IL-6, may play a pathogenic role in rheumatic fever
[3].

Single monthly injection of 1,200,000 units of ben-
zathine penicillin confers a high degree of continous
protection against group A streptococci and affords reli-
able means of protecting the patient against recurrences
of rheumatic fever [4].

However, the efficacy of long-acting penicillin for
secondary prevention of rheumatic fever has not been
widely studied; consequently, the relation between
serum levels of long-acting penicillin and inflamma-
tory markers C-reactive protein and interleukin-6 is
largely unknown.

Aim of the study

The aim of the study is to study the relation be-
tween serum levels of long-acting penicillin and the
inflammatory markers C-reactive protein and
interleukin-6 in patients with chronic rheumatic
heart disease.

Methods

Study population

Eighty patients from rheumatic heart disease patients
coming to our hospitals’ cardiology outpatient clinic
for rheumatic fever prophylaxis by regular long-acting
penicillin administration were included in the study.
Patients were divided into 2 groups: group A, 70 pa-
tients with rheumatic heart disease already on
prophylactic long-acting penicillin, and group B, 10
patients with rheumatic heart disease who have not
started prophylactic long-acting penicillin yet. Group
C is the control group of 10 healthy individuals not
known to have rheumatic heart disease or acute in-
flammatory condition.

Inclusion criteria

1. All patients with definite diagnosis of chronic
rheumatic heart disease, with no age or sex
predilection.
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Exclusion criteria

1. Patients with collagen disease and other
inflammatory conditions that can cause increased
levels of inflammatory mediators.

2. Patients with active infection or acute illness.

All patients were subjected to the following:

1. Detailed medical history was taken from all patients
with stress on the following:

— Compliance of patients to the long-acting penicillin
regimen and type of this regimen. The patient was
considered compliant if he, at least, has taken his last
four doses of long-acting penicillin in time

— The risk factors for rheumatic fever, e.g., age,
residency, socioeconomic class, family history of
rheumatic fever, recurrent streptococcal infection,
and documented previous attack of rheumatic fever
according to modified Jones criteria

— DPast and current medical history regarding
inflammatory conditions that can cause increased
levels of inflammatory mediators

2. Complete general and local examination has been
done for all patients

3. Transthoracic echocardiography done within the
last year showing rheumatic valvular heart disease

4. Informed consent from each patient

5. Serum levels of long-acting penicillin, C-reactive
protein, and interleukin-6:

— Venous blood samples were drawn under aseptic
conditions and centrifuged, and 2 ml serum was
collected and stored at minus 20 °C for ELISA at
our hospital immunology laboratory. All the serum
samples were analyzed for long-acting penicillin, C-
reactive protein, and interleukin-6 at our Clinical
Pathology Department using ELISA techniques using
benzathine benzylpenicillin ELISA kit, high-
sensitivity C-reactive protein ELISA kit, and human
interleukin-6 ELISA kit.

The current testing methods of CRP and IL-6 includ-
ing latex agglutination, nephelometry, and radial immu-
nodiffusion (RID) have the general disadvantages of low
sensitivity, whereas enzyme-linked immunosorbent as-
says (ELISA) provide the highest sensitivity and specifi-
city [5, 6].

Statistical methods
All continuous data were expressed as mean with stand-
ard deviation. Comparison between the 3 groups was
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done using one-way ANOVA method and Kruskal-
Wallis tests. Comparison between 2 groups was done
using unpaired ¢ test or Mann-Whitney tests as appro-
priate. Linear correlation between 2 variables was done
using Spearman correlation coefficient.

p value of less than 0.05 was considered significant.

Results
Basic demographic and clinical data are presented in
Table 1.

Valvular affection is shown in Table 2.

Long-acting penicillin compliance and regimens

Sixty patients (85.7% of group A) were compliant on
long-acting penicillin, and 10 patients (14.3% of group
A) were not compliant on long-acting penicillin while 10
patients (100 % of group B) have not started long-acting
penicillin.

Thirty patients (48.58% of group A) were on 2-week
regimen of long-acting penicillin, eight patients (11.42%
of group A) were on 3-week regimen of long-acting
penicillin, and 28 patients (40 % of group A) were on 4-
week regimen of long-acting penicillin. All the 10 pa-
tients (100 % of group B) have not started long-acting
penicillin.

Interleukin-6 and C-reactive protein in patients and
control subjects

The mean interleukin-6 value of the control group was
significantly lower than that of the patient group (3.600
+ 2.319 vs. 37.83 + 47.30 ppb, respectively, p value <
0.0001).

Surprisingly, unpaired ¢ test with Welch’s correction
revealed that group A had highly significant lower
interleukin-6 levels than group B (25.22 + 33.50 vs.
126.1 + 33.76, respectively, p value< 0.0001).

Moreover, both one-way ANOVA test and Kruskal-
Wallis test revealed that mean interleukin-6 levels were
highly significant different between patients of the con-
trol group, group A and group B (3.600 + 2.319, 25.22 +
33.50 and 126.1 + 33.76 ppb, respectively, p < 0.0001
(Fig. 1)).
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Tukey’s test and Dunn’s multiple comparisons tests
also revealed that group A had significantly lower
interlukin-6 levels than group B. Interlukin-6 levels were
significantly lower in control subjects compared to pa-
tients in group B. But interlukin-6 levels in the control
group were lower but with non-significant difference
compared to patients in group A levels.

The mean C-reactive protein value of the control
group was significantly lower than the patient group
(2500 + 3919 vs. 9166 + 5151 mg/dl, respectively p =
0.0003).

Interestingly, unpaired ¢ test with Welch’s correction
revealed that group A had significantly lower C-reactive
protein levels than group B (8419 + 4935 vs. 14400 +
3375 respectively, p = 0.0002).

Moreover, both one-way ANOVA test and Kruskal-
Wallis test revealed that mean C-reactive protein
levels were significantly different between patients in
the control group, group A and group B (2500 +
3919, 8419 + 4935 and 14400 + 3375 respectively, p
< 0.0001 (Fig. 2)).

Tukey’s test and Dunn’s multiple comparisons tests,
interestingly, revealed that C-reactive protein levels
were significantly lower in control subjects compared
to patients in group A and group B. Group A had
significantly lower C-reactive protein levels than
group B.

Group A showed positive C-reactive protein values in
35 patients (50% of the patients of group A) while all the
10 patients of group B (100 %) had positive C-reactive
protein values, while negative values were detected in 35
patients; all of them were from group A (those on long-
acting penicillin).

A comparison between interleukin-6 and C-reactive
protein between control subjects and subgroups is
shown in Table 3.

Correlations

Interlukin-6 and C-reactive protein correlation

All interleukin-6 values were strongly correlated with C-
reactive protein values (r = 0.6387, p < 0.0001 (Fig. 3)).

Table 1 Basic demographic and clinical data for all patients and both groups

All (n = 80) Group A: on LAP (n = 70) Group B: not on LAP (n = 10) p value

Age (years) 3583 £ 11.16 3617 £ 1154 3340 + 8044 0.7644
Gender 0333

Males (%) 26 (32.5) 22 4

Females (%) 54 (67.5) 48 6
Rhythm 0.3884

Sinus (%) 62 (77.5) 56 6

AF (%) 18 (22.5) 14 4

LAP long-acting penicillin, AF atrial fibrillation
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Table 2 Valvular affection between patients

Valve affection Number of Percentage (%)
patients

Lone mitral regurge 17 patients ~ 21.25

Lone mitral stenosis 19 patients ~ 23.75

Combined mitral regurge and stenosis 13 patients ~ 16.25

Lone aortic regurge 7 patients 8.75

Lone aortic stenosis 2 patients 25
Aortic regurge and mitral regurge 4 patients 5
Aortic regurge and mitral stenosis 3 patients 375
Prosthetic valve 12 patients 15
Previous balloon mitral valve 2 patients 25
Previous balloon pulmonary valve 1 patient 1.25

Total 80 patients 100

Correlation between long-acting penicillin and C-reactive
protein

C-reactive protein and long-acting penicillin levels had a
significant negative correlation (r = - 0.5277, p < 0.0001
(Fig. 4)).

Correlation between long-acting penicillin and interleukin-6
Interleukin-6 level had significantly negative correlation
with long-acting penicillin level (r =— 0.4401, p < 0.0001
(Fig. 5)).

Compliance to long-acting penicillin and levels of long-
acting penicillin, interleukin-6, and C-reactive protein

The patient was considered compliant if he, at least, has
taken his last four doses of long-acting penicillin in time.
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Fig. 1 One-way ANOVA test for IL-6 groups
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Fig. 2 One-way ANOVA test for CRP groups

As regards compliance, there was a highly significant
difference between long-acting penicillin level in compli-
ant and non-compliant patients (1.045 + 1.270 vs. 0.0785
+ 0.1057, respectively with p <0.0001 (Fig. 6)).

There was also a significant difference between C-
reactive protein level in compliant and non-compliant
patients (7640 + 4558 vs. 13090 + 4717, respectively and
p = 0.0053 (Fig. 7)).

Moreover, there was a significant difference between
interleukin-6 levels in compliant and non-compliant pa-
tients (21.53 + 32.70 vs. 47.40 + 30.91, respectively and p
= 0.0308) (Fig. 8)).

Long-acting penicillin regimen and levels of long-acting
penicillin, interleukin-6, and C-reactive protein
Both one-way ANOVA test and Kruskal-Wallis test, sur-
prisingly, showed that there was no significant difference
in long-acting penicillin, C-reactive protein, and
interleukin-6 levels (p = 0.4203, 0.9467 and 0.0795, re-
spectively) between 15-, 21-, and 30-day regimens of
penicillin (Figs. 9, 10 and 11).

Table 4 shows the correlation between long-acting
penicillin regimen and levels of long-acting penicillin,
interleukin-6, and C-reactive protein.

Rhythm and levels of long-acting penicillin, interleukin-6,
and C-reactive protein
Surprisingly, there was no significant difference in long-
acting penicillin, C-reactive protein, and interleukin-6
levels (p = 0.3421, 0.3050, and 0.6758, respectively) be-
tween sinus patients and atrial fibrillation patients.

Table 5 shows the correlation between rhythm and
levels of long-acting penicillin, interleukin-6, and C-
reactive protein.
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Table 3 Comparison between interleukin-6 and C-reactive protein between control subjects and subgroups

Control (group C) Whole patients (A and B groups) Group A (on LAP) Group B (not on LAP) p value
(n=10) (n = 80) (n=70) (n=10)
mean + SD mean + SD mean + SD
CRP (mg/dL) 2500 + 3919 9166 + 5151 8419 + 4935 14400 + 3375 < 0.0001
IL-6 (ppb) 3600 £ 2319 37.83 £47.30 2522 + 3350 126.1 + 3376 < 0.0001

LAP long-acting penicillin, CRP C-reactive protein, IL-6 interleukin-6, SD standard deviation

Discussion

Several studies concluded that following an acute attack
of rheumatic fever, there was a continuous chronic in-
flammation of cardiac valves proportionate to the degree
of valve affection [7-9]. In fact, a positive correlation
was found between c-reactive protein level and severity
of valvular dysfunction [2, 7].

Some studies such as Yegin O. et al. [3] and Guilherme
L. et al. [10] showed that interleukin-6 plays a pathogenic
role in rheumatic activity.

Historically, there are three main studies comparing
penicillin to no preventive treatment; one of them
showed a 55% reduction in the recurrence of rheumatic
fever [11], while the other two revealed a non-significant
trend in favor of penicillin [12, 13].

There are three main principal findings of our
study. Firstly, there is a strong negative correlation
between long-acting penicillin serum level and the in-
flammatory markers. This finding adds to the evi-
dence that long-acting penicillin is effective in
secondary prevention of rheumatic fever. The second
finding is as follows: compliance to long-acting peni-
cillin regimen has an important effect on the prophy-
laxis of rheumatic heart disease. The third finding is
as follows: there is a strong correlation between C-

r=0.6387
p<0.0001
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Fig. 3 Correlation between IL-6 and CRP

reactive protein and interleukin-6 levels in chronic
rheumatic heart disease patients especially in patients
not taking long-acting penicillin suggesting that there
is a continuous chronic inflammation in rheumatic
heart disease patients.

In our study, plasma C-reactive protein level and
interleukin-6 level were significantly correlated to
each other, and this result can be explained by the
hypotheses that following acute RF attack, there will
be a continuous chronic inflammation of cardiac
valves and patients with more intense inflammatory
reaction have a more rapid progression of valvular
dysfunction [7-9] and that C-reactive protein and
interleukin-6 levels are correlated to each other and
to the inflammatory process in chronic rheumatic
heart disease patients [3].

C-reactive protein and interleukin-6 mean levels
were significantly higher in patients with rheumatic
heart disease not taking long-acting penicillin com-
pared to patients with rheumatic heart disease taking
long-acting penicillin and to the control group. Those
findings may support the hypothesis that long-acting
penicillin is a strong secondary preventive method of
rheumatic heart disease activity [11].

— P <0.0001
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Fig. 4 Linear regression between LAP and CRP
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Also, we detected a significant negative correlation be-
tween long-acting penicillin levels and both C-reactive
protein and interleukin-6 levels. To our knowledge, this
is the first study to prove that long-acting penicillin ob-
jectively ameliorates the chronic inflammatory state in
patients with chronic rheumatic valvular heart disease.
This finding can be a further clue in the favor of the rec-
ommendation that long-acting penicillin should be ad-
ministered indefinitely in these patients.

Another finding in the same context was that the
mean levels of long-acting penicillin, C-reactive pro-
tein, and interleukin-6 in compliant patients to their
long-acting penicillin regimen were significantly
higher than the mean levels in non-compliant pa-
tients. This finding can also be a further clue in the
context of the hypothesis that long-acting penicillin is
a strong secondary preventive method of rheumatic
heart disease activity.

2.5 p value < 0.0001
2.0
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Non-Compliant Compliant
Compliance groups
Fig. 6 Mean and SD of LAP compliance groups

In our study, the mean levels of long-acting penicillin,
C-reactive protein, and interleukin-6 in each regimen of
long-acting penicillin (every 15 days, every 21 days, and
every 30 days) were not significantly different. This find-
ing is different from findings of Kassem A. S. et al. [14]
that concluded a superiority of the 2-weekly schedule in
the adequate control of RF recurrences.

Our study depends only on the serum levels of long-
acting penicillin, C-reactive protein, and interleukin-6.
There are many other factors that may affect the regi-
men results that we did not include in our study like age
difference, weight difference, and difference in compli-
ance definition.

We observed that there is no correlation between
cardiac rhythm and C-reactive protein, interleukin-6,

100
p value = 0.0308
80 -
2
a 60
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o 40
=
20
Non-Compliant Compliant
Compliance groups
Fig. 8 Mean and SD of IL-6 compliance groups
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or long-acting penicillin levels. This result conflicts
with the hypothesis that rheumatic heart disease pa-
tients with higher levels of C-reactive protein are
more prone to AF as noticed by Attar A. et al. [7],
Ucer E. et al. [15], and Selcuk M. T. et al. [16]. This
may be due to the different weights of the patients
and the different echocardiographic valvular lesions in
our study instead of the dominance of mitral stenosis
in other studies [11].

In fact, it is difficult to know whether or not this
chronic inflammatory state in these patients is a re-
sult of ongoing streptococcal infection which triggers
the auto immune disease. However, interleukin-6
was shown to be involved in the pathogenesis of

p = 0.4203

LAP level (ppb)

15 days 21 days 30 days
Groups of Penicillin Regimen

Fig. 10 One-way ANOVA test for LAP between penicillin and

regimen groups

rheumatic fever. Thus, the rise of interleukin-6 may
denote an active chronic rheumatic fever. This
finding may further suggest that addition of anti-
inflammatory drugs as corticosteroids and non-
steroidal anti-inflammatory agents targeting the in-
flammatory mediators might help to control the pro-
gress of rheumatic heart disease.

Limitations of the study

Our study has the following limitations: first is the
small number of patients coming from a single med-
ical center (Ain Shams University Hospitals).Secondly,
we did not study the cause and effect relationship be-
tween long-acting penicillin, C-reactive protein,
interleukin-6 serum levels, and valvular damage in
RHD. Thirdly, no comparison was done between the
serum level of C-reactive protein and interleukin-6
before and after administration of long-acting penicil-
lin in the same patient.

Table 4 Correlation between long-acting penicillin regimen
and levels of long-acting penicillin, interleukin-6, and C-reactive
protein

LAP every LAP every LAP every p value

15days (n = 21days (n=8) 30days

34) (48.58%) (11.42%) (n =28)

(40 %)

Mean SD Mean SD Mean SD
LAP (ppb) 1.070 1326 04609 05199 08364 1.229 04203
IL-6 (ppb) 2465 3099 4913 5550 1909 26.19 0.0795
CRP (mg/dL) 8335 5085 8969 4693 8363 4983 0.9467

LAP long-acting penicillin, CRP C-reactive protein, IL-6 interleukin-6, SD
standard deviation
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Table 5 Relation between rhythm and LAP, IL-6, and CRP
Sinus rhythm (n = 56) AF rhythm (n=14) p

Mean SD Mean sD value
LAP (ppb) 0.9697 1.268 0.6568 1.028 03421
IL-6 (ppb) 2599 34.66 2214 2933 06758
CRP (mg/dL) 8068 4703 9821 5748 03050

LAP long-acting penicillin, CRP C-reactive protein, IL-6 interleukin-6, AF atrial
fibrillation, SD standard deviation

Conclusions

Serum long-acting penicillin has a strong negative cor-
relation with interleukin-6 and C-reactive protein levels.
This is probably the first study to show that regular ad-
ministration of long-acting penicillin strongly amelio-
rates the chronic inflammatory state that accompanies
chronic rheumatic heart disease.

Abbreviations
CRP: C-reactive protein; IL-6: Interleukin-6; LAP: Long-acting penicillin;
ppb: Part per billion; RF: Rheumatic fever; RHD: Rheumatic heart disease
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