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Summary 

Background: Acute rheumatic fever (ARF) is a systemic infl ammatory disease resulting from 
an abnormal immune response to group A β-hemolytic streptococci. ARF is a major public health 
problem in developing countries, particularly in Senegal. The aim of this study was to evaluate the 
mutation penetrance and genetic diversity of exon 2 of the HLA-DRB1 gene in Senegalese patients 
with ARF. 

Results: DNA was extracted from the blood of patients with ARF. Exon 2 of the HLA-DRB1 
gene was amplifi ed by polymerase chain reaction and sequenced using the Sanger method. 
Bioinformatics software and databases (polyphen-2, SIFT and ProVean) were used to assess the 
pathogenicity of missense mutations. The results revealed a high level of polymorphism in exon 2 
of the HLA-DRB1 gene, with 73 non-synonymous mutations between codons 21 and 89, which lie 
in the hypervariable region encoded by exon 2. Of the 73 variants tested, 44% were pathogenic, 
indicating their potential involvement in ARF onset. 

Conclusion: Our results indicate that the HLA-DRB1 mutations involvement in the onset of 
rheumatic fever.
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Introduction
The immune system is part of the body’s defense system, 

protecting against viral and bacterial infections, parasitic 
infestations and other physical and chemical assaults on 
the body. The immune system identiϐies and attacks foreign 
antigens. However, in some cases, this system can fail and 
attack self-antigens, resulting in autoimmune diseases such 
as rheumatoid arthritis, multiple sclerosis, Graves’ disease, 
Bouillaud’s disease and Acute Rheumatic Fever (ARF). The 
latter occurs as a result of an inappropriate immune response 
against infection of group A β-hemolytic streptococcus 
(Streptococcus pyogenes) [1,2]. ARF is a post-infectious, non-
suppurative sequela of pharyngeal infection with group A 
β-hemolytic Streptococcus [3]. It is generally characterized 
by arthritis (75%), fever (90%), carditis (50% - 70%), chorea 
(30%), and subcutaneous nodules (0% - 10%) [4].

ARF is a predominantly pediatric disease [2,4-6]; therefore, 
its incidence is the highest in children aged 10 years - 14 years, 
varying between 300,000 and 350,000 new cases annually 
[2]. ARF affects between approximately 15.6 and 19.6 million 
people worldwide [5]. The 2018 World Health Organization 

(WHO) report noted that 30 million people were estimated 
to have Chronic Rheumatic Heart Disease (CRC), which was 
responsible for 305,000 deaths and 11.5 million disabilities in 
2015. Developing countries, particularly those in sub-Saharan 
Africa, Southeast Asia, and the western Paciϐic region, are the 
regions most affected by CRC, with a total prevalence rate of 
84% and mortality rate of 80% [6]. The estimated economic 
loss caused by CRC-related deaths is US $2200 billion [6]. ARF 
and its sequela CRC constitute a major public health problem, 
particularly in sub-Saharan Africa, where the incidence is 
estimated at 5/1000 [7]; according to Mirabel, et al. [8], 
the highest ϐigures reach 50/1000. The prevalence of acute 
articular rheumatism in Senegal is 30.5% [9]. Rheumatic heart 
disease is the leading cause of cardiovascular pathologies in 
pediatrics [10]. 

Despite the various strategies employed to combat 
this disease, namely primary prevention and secondary 
prophylaxis, ARF remains a challenge in developing countries 
[8]. This has garnered the attention of several researchers, 
some of whom have associated this disease with various risk 
factors, including poor housing and health conditions [2 ,5,11]. 
In addition, family aggregation and similarity in disease signs 
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between twins and siblings suggest a genetic susceptibility 
to this pathology [3,12]. Among the various genes associated 
with ARF, the most common and well-known are those of 
the Human Leukocyte Antigen (HLA) system. According to 
Guilherme, et al. [11] and Carapetis, et al. [2], polymorphisms 
in most genes that encode immune system proteins are 
associated with ARF and CRC. Therefore, we hypothesized 
that mutations in certain HLA system genes predispose 
individuals to ARF. However, no study on this subject has yet 
to be published in relation to Senegal. Therefore, the aim of 
this study was to ev aluate the penetrance, genetic diversity 
and evolution of exon 2 of the HLA-DRB1 gene in Senegalese 
patients with ARF. 

Methods
Study population

Sampling was conducted in patients with ARF followed 
at the Clinique de Chirurgie Thoracique et Cardiovasculaire 
[Thoracic and Cardiovascular Surgery Clinic] of the Centre 
Hospitalier National Universitaire de Fann [Fann National 
Teaching Hospital] in Dakar, Senegal. This study was 
approved by the Institutional Review Board of the Cheikh 
Anta Diop University in Dakar (Reference No.: Protocol 
0086/2015/CER/UCAD). Peripheral blood was collected 
in ethylenediaminetetraacetic acid tubes from individuals 
diagnosed with the disease and from healthy control. 

DNA extraction, amplifi cation and sequencing of exon 
2 of the HLA-DRB1 gene

Total DNA was extracted from the blood of all individuals 
using a Zymo Research Blood Kit (Quick-DNA) according to 
the manufacturer’s protocol. Exon 2 of the HLA-DRB1 gene 
was ampliϐied using polymerase chain reaction (PCR) in a 
50 μl reaction volume containing 2 μl of concentrated DNA 
and 48 μl of PCR mix with 29.8 μl of MilliQ water, 5 μl of 
buffer, 1 μl of additional MgCl2, 2 μl of dNTPs (dATP, dCTP, 
dGTP, and dTTP), 5 μl of DRB forward primer, 5 μl of DRB 
reverse primer, and 0.2 μl of Taq polymerase. The selected 
sense (5′GTTCGTGTCCCCACAGCACGTTTC-3′) and anti-
sense (5′-CATGCTCACCTCGCCGCTGCAC-3′) primers start in 
intronic regions, enabling the ampliϐication of the whole exon 
2 (270 bp). The program included an initial denaturation at 
95 °C for 5 min; followed by 40 cycles of denaturation at 96 °C 
for 1 min, hybridization at 55 °C for 1 min, and elongation at 
72 °C for 1 min 30 s; and a ϐinal extension at 70 °C for 10 min. 
Sequencing reactions were conducted using an MJ Research 
PTC-225 Peltier thermocycler with an ABI PRISM Kit, and the 
PCR products were subjected to electrophoresis using an ABI 
3730 XL sequencer.

Chromatogram analysis

Post-sequencing chromatograms were analyzed using 
Mutation Surveyor software version 5.0.1 (www.softgenetics.
com) to determine the position, nature, status, and 

identiϐication of each mutation. The aim was to compare the 
sequences of individuals with the disease with the reference 
sequences in a software database. The software shows the 
position of each mutation and provides a score that indicates 
the probability that the detected mutation is real. A mutation 
is considered real only if it has a Phred score ≥20 with an 
accuracy score greater than 99%.

Non-synonymous mutation identifi cation

Post-sequencing chromatograms were processed using 
BioEdit Version 7.2.5 software [13]. After processing and 
aligning the sequences, all the mutations leading to amino acid 
substitutions were identiϐied. Using MEGA 7 version 7.0.14 
[14], the nucleotide sequences were converted into amino acid 
sequences with a third reading frame that did not contain stop 
codons. This exercise identiϐied the codon numbers with non-
synonymous mutations and their corresponding nucleotides. 
We used BioEdit Version 7.2.5 [13] to identify nucleotide 
mutations that led to amino acid changes at each codon.

We performed BLASTP searches in GenBank to identify 
amino acid positions in our sequences for pathogenicity 
testing.

Pathogenicity test for non-synonymous mutations

Various software programs such as SIFT (http://sift.jcvi.
org/) [15], Polyphen-2 (http://genetics.bwh.harvard.edu/
pph2/) [16], and Provean (http://provean.jcvi.org/) [17] 
were used to determine the likely pathogenic effects of non-
synonymous mutations. These different types of programs act 
at different levels and provide different interpretation scores 
that indicate whether the mutation in question has had an 
impact on the nature of the protein, with a higher likelihood of 
leading to a disturbance in metabolic function. 

Allele matching analysis

We performed sequence alignments using the IPD-IMG/
HLA database to check for probable similarities between 
our sequences and the ofϐicially named HLA alleles (https://
www.ebi.ac.uk/ipd/imgt/hla/). This specialized database 
includes ofϐicial sequences named by the WHO Nomenclature 
Committee for HLA factors. 

Genetic diversity assessment 

DnaSP software version 5.10[18] was  used for genetic 
diversity analyses to obtain the total number of sites (n), 
number of variable and invariable sites, variable sites of 
informative and non-informative types, total number of 
mutations (Eta), number of haplotypes (h) [19], and average 
number of nucleotide differences (k) [20]. MEGA 7 software 
version 7.0.14 [14] was used to determine the mutation rate 
(R).

Selection tests

A codon selection test was used to identify the evolution 
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of mutations in exon 2 of the HLA-DRB1 coding gene. The 
codon selection test (dN-dS) was performed using MEGA 7 
version 7.0.14 [14] with the assumption of neutral evolution 
(dN=dS), with a positive value indicating an overabundance 
of non-synonymous mutations. Thus, a P-value representing 
the probability of rejecting the null hypothesis was calculated.

Results
Mutation identifi cation

A comparison of our sequences with the Mutation Surveyor 
reference sequences revealed several mutations. Figure 
1 summarizes the amino acid changes in the individuals 
compared to the control sequence (SG66), indicating the 
conservation of the sequences at the beginning and end. Amino 
acid changes began at codon 21 and the majority remained in 
the middle of the sequence between codons 21 and 72. 

Mutation properties 

A total of 73 mutational points leading to amino acid changes 
were found at 34 sites, conϐirming signiϐicant nucleotide 
polymorphisms in exon 2 of the HLA-DRB1 gene. This level of 
polymorphism is remarkable because some codons change 
by two or three bases, indicating that the entire codon can be 
mutated. For example, codon 23 exhibited a GAC>ACA change, 
leading to a change from aspartic acid to isoleucine (23.D>I). 
Two base changes were noted for the same codon, GAC>AGC 
and GAC>ACC, which led to serine (23.D>S) and threonine (23.
D>T), respectively. These two base changes were also found in 
other codons, namely codon 64 (GAG>CAC) with a change from 
glutamic acid to histidine (64. E>H), codon 65 (CAG>GAC) with 
a change from glutamine to aspartic acid (65. Q>D), codon 69 
(CAG>GCG) with a change from glutamine to aspartic acid (69.

Q>D), codon 72 (AAC>CTC) with a change from asparagine to 
serine (72.N>S), and codon 73 (TAC>TCA) with a change from 
leucine to tyrosine (73.L>Y). We also found several amino acid 
changes within a single codon. This was the case for codons 
23, 65, and 69 with ϐive amino acid changes; codons 21, 25, 32, 
and 72 with three amino acid changes; and codons 24, 33, 42, 
46, 53, 62, 64, and 68 with two amino acid changes. 

Pathogenicity testing of the non-synonymous mutations 
revealed that 44% of the mutations were pathogenic. Among 
the codons affected by the mutations tested as pathogenic, 
codons 42 and 65 were the most variable in the population, 
with percentages of 85.18% and 77%, respectively. The others 
represented relatively medium or low percentages of the 
population. Some codons varied within a single individual with 
a single mutation. This was the case for codons 29 (ACG>CAT), 
36 (GAC>AAC), 37 (AGC>ATC), 40 (GGG>TGG), 44 (GCG>GGG), 
46 (ACG>AGG), 55 (TAC>TCC), 59 (CAG>CAC), 67 (CGG>TGG), 
71 (GAC>TAC), 75 (AGA> GGA), and 89 (CGA> CAA). Codons 
32 and 72 showed varying degrees of variability, with values 
of 96.29% and 81.48%, respectively, although the amino acid 
changes in these codons were non-pathogenic. 

Of the mutations leading to amino acid changes, 81.94% 
occurred in the ϐirst two bases and 18.05% occurred at the 
third base. Transversion mutations signiϐicantly outnumbered 
transition mutations with rates of 62.82% and 37.18%, 
respectively (Table 1).

Matches  between HLA-DRB1 alleles and patient 
sequences

Alignment of our sequences in the IPD-IMG/HLA 
database revealed several similarities. Table 2 summarizes 

Figure 1: Multiple alignments of amino acid sequences in exon 2 of the HLA-DRB1 gene.
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Table 1: Properties of coding single nucleotide polymorphisms.

Variants No. Position on exon 2 HLA-DBR1 Position on HLA-DRB1 Codon change Nature
Mutation predictions

Findings
Provean SIFT Polyphen-2

1 F21N 55 TTC>ATC T Noxious Harmful Prob. Harmful Pathogen
2 F21L 55 TTC>TTG T Noxious Tolerable Benign Benign
3 F21H 55 TTC>CTC t Noxious Harmful Prob. Harmful Pathogen
4 D23E 57 GAC>GAA T Neutral Tolerable Benign Benign
5 D23S 57 GAC>AGC tt Neutral Harmful Benign Benign
6 D23I 57 GAC>ATA tTT Noxious Tolerable Benign Benign
7 D23T 57 GAC>ACC tT Neutral Harmful Benign Benign
8 D23V 57 GAC> GTC T Noxious Harmful Benign Pathogen
9 R24I 58 AGA>ATA T Noxious Harmful Prob. Harmful Pathogen

10 R24T 58 AGA>ACA T Noxious Harmful Prob. Harmful Pathogen
11 Y25C 59 TAC>TGC t Noxious Harmful Benign Pathogen
12 Y25H 59 TAC>TAT t Neutral Tolerable Benign Benign
13 Y25P 59 TAC>TCC T Noxious Harmful Prob. Harmful Pathogen
14 F26I 60 TTC>ATC T Neutral Tolerable Benign Benign
15 H27Y 61 CAT>TAT t Neutral Tolerable Benign Benign
16 Q29H 63 CAG>CAT T Noxious Harmful Benign Pathogen
17 N32Y 66 AAC>TAC T Neutral Tolerable Benign Benign
18 N32I 66 AAC>ATC T Neutral Tolerable Benign Benign
19 N32S 66 AAC>ACT T Neutral Tolerable Benign Benign
20 V33L 67 GTG>GCG t Neutral Tolerable Benign Benign
21 V33A 67 GTG>TTG T Neutral Tolerable Benign Benign
22 F35Y 69 TTC>TAC T Noxious Tolerable Benign Benign
23 D36N 70 GAC>AAC t Noxious Harmful Benign Pathogen
24 S37M 71 AGC>ATC T Noxious Harmful Prob. Harmful Pathogen
25 G40W 74 GGG>TGG T Noxious Harmful Prob. Harmful Pathogen
26 F42Y 76 TTC>TAC T Neutral Tolerable Benign Benign
27 F42C 76 TTC>TGC T Noxious Harmful Prob. Harmful Pathogen
28 A44G 78 GCG>GGG T Noxious Harmful Prob. Harmful Pathogen
29 T46R 80 ACG>AGG T Noxious Harmful Poss. Harmful Pathogen
30 T46M 80 ACG>ATG t Noxious Harmful Prob. Harmful Pathogen
31 A53S 87 GCC>TCC t Noxious Harmful Prob. Harmful Pathogen
32 A53D 87 GCC>GTC t Noxious Harmful Prob. Harmful Pathogen
33 Y55S 89 TAC>TCC T Noxious Tolerable Benign Pathogen
34 W56C 90 TGG>TGC T Noxious Harmful Poss. Harmful Pathogen
35 Q59H 93 CAG>CAC T Noxious Harmful Benign Pathogen
36 L62F 96 CTC>TTC t Neutral Tolerable Benign Benign
37 L62I 96 CTC>ATC T Neutral Tolerable Benign Benign
38 E64Q 98 GAG>CAG T Noxious Harmful Benign Benign
39 E64H 98 GAG>CAC TT Noxious Harmful Prob. Harmful Pathogen
40 Q65H 99 CAG>CAC T Neutral Harmful Benign Benign
41 Q65R 99 CAG>CGG t Neutral Tolerable Benign Benign
42 Q65L 99 CAG>CTG T Noxious Harmful Benign Pathogen
43 Q65Y 99 CAG>TAG t Noxious Harmful Benign Pathogen
44 Q65D 99 CAG>GAC TT Neutral Tolerable Benign Benign
45 K66R 100 AAG>AGG t Neutral Tolerable Benign Benign
47 R67W 101 CGG>TGG T Noxious Harmful Prob. Harmful Pathogen
48 G68A 102 GGC>GCC T Neutral Tolerable Benign Benign
49 G68D 102 GGC>GAC t Neutral Harmful Benign Benign
50 Q69E 103 CAG>GAG t
51 Q69L 103 CAG>CTG T
52 Q69A 103 CAG>GCG TT
53 Q69P 103 CAG>CCG T
54 Q69D 103 CAG>GAC TT
55 D71Y 105 GAC>TAC T Noxious Harmful Prob. Harmful Pathogen
56 N72T 106 AAC>ACC T Neutral Tolerable Benign Benign
57 N72S 106 AAC>CTC Tt Neutral Harmful Benign Benign
58 N72K 106 AAC>AAA T Neutral Harmful Benign Benign
59 Y73L 107 TAC>TCA TT Noxious Harmful Benign Pathogen
60 R75G 109 AGA>GGA t Noxious Harmful Prob. Harmful Pathogen
61 H76Y 110 CAC>TAC t Noxious Tolerable Benign Benign
62 G81V 115 GGG>GTG T Benign Benign
63 R89Q 123 CGA>CAA t Noxious Harmful Benign Pathogen

Prob. Harmful = Probably Harmful; Poss. Harmful = Possibly Harmful; T = Transversion; t = Transition
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the correspondence between our sequences and the HLA-
DRB1 alleles ofϐicially designated by the WHO Nomenclature 
Committee, with similarity rates ranging from 90.4% to 
99.6%. The results revealed a higher or lower percentage of 
alleles belonging to the HLA-DRB1*03 group, representing 
alleles coding for the DR3 antigen. Notably, the control 
sequence showed 99% similarity to the HLA-DRB1*03:178 
allele, which is part of the HLA-DRB1*03 allele group. The HLA-
DRB1*14 allele group was second at 21.42%. Sequences SG37 
and SG13 corresponded to the HLA-DRB1*08 allele group, 
whereas sequences SG17, SG20, and SG33 corresponded to 
the HLA-DRB1*D10086659 allele group. These two sequences 
correspond to the HLA-DRB1*13MV0805 allele. Sequences 
SG55 and SG62 were assigned the US patent numbers 2790 
and 2524, respectively. 

Diversity parameters of exon 2 of the HLA-DRB1 gene

Table 3 summarizes the genetic diversity parameters of 
exon 2 of the HLA-DRB1 gene in the study population. Of the 
270 sites analyzed, 211 were consistent and 59 were variable 
(21.18%), including 25 singleton and 34 informative variable 
sites. These informative variabilities are likely to lead to a 
change in amino acids at the site and consequently to a change 
in protein conformation and function. A total of 78 mutations 
were identiϐied. The number of haplotypes matching the 
number of sequences indicated that all sequences differed 
despite originating from individuals with ARF. The nucleotide 
diversity (Pi) and the average number of nucleotide differences 

(k) reϐlect the varying degrees of nucleotide variability. A 
mutation rate of R = 1.04 was found.

Selection test 

The codon selection test indicated an overabundance of 
non-synonymous mutations with a statistical value of 0.918. 
The test was conducted under the assumption of neutral 
outcomes. The probability value (prob = 0.103) indicated a 
positive outcome.

Discussion
This study aimed to identify molecular biomarkers that 

could facilitate diagnostic and treatment decision-making in 
ARF. This was achieved using mutational analysis, estimation 
of genetic variability and analysis of the progress of exon 2 
of the HLA-DRB1 gene. The selection of this exon was driven 
by its extreme polymorphism and role in immune responses. 
HLA-DRB1 is the most polymorphic gene in the human 
genome and is responsible for encoding antigen recognition 
peptides [21,22]. The present study included individuals with 
ARF who were admitted to the Center Hospitalier National 
Universitaire de Fann.

The results showed a high rate of nucleotide polymorphisms 
with 78 mutations, 73 of which resulted in amino acid changes. 
This high degree of polymorphism can be explained by the 
role of the proteins encoded by HLA class II genes, especially 
exon 2 of the HLA-DRB1 gene. The latter encodes antigen-
presenting peptides for CD4+ T cells and B lymphocytes 
in speciϐic immune response processes [23]. This antigen 
recognition process leads to clonal selection of lymphocytes 
capable of producing antibodies for a given response. 
Lymphocytes are often required to increase or alter their 
antigenic or immunoglobulin repertoires. This phenomenon 
occurs via site-speciϐic recombination. Salomé & Kukkonen 
[23] identiϐied a signal sequence potentially involved in 
recombination in exon 2, from nucleotide 254 to nucleotide 
260 (5′-CACGGTG-3′). The present study also showed that 
the ϐirst three nucleotides (CAC) are the most inϐluential in 
recombination, with the fourth nucleotide mutated in only 
7% of alleles. This sequence was present in our population 

Table 2: Matches between HLA-DRB alleles and patient sequences.
Individual Matching allele Similarity rate
Indicator HLA-DRB1*03*178 99%

Sg2 New HLA-DRB1*03 97.8%
Sg3 HLA-DRB1*14:20 97.4%
Sg11 HLA-DRB1*1414 90.4%
Sg13 HLA-DRB1*08 96.3%
Sg14 New HLA-DRB1*03 97.8%
Sg17 HLA-DBR1*D10086659 96.3%
Sg18 Exon 2 HLA-DBR1 98.9%
Sg20 HLA-DBR1*D10086659 98.5%
Sg21 Exon 2 HLA-DRB1 98.9%
Sg22 HLA-DRB1*13MV0805 96.7%
Sg27 Exon 2 HLA-DRB1 98.9%
Sg33 HLA-DBR1*D10086659 98.1%
Sg34 HLA-DRB1*0327 98.9%
Sg37 HLA-DRB1*08 94.8%
Sg55 2790 of the US patent 97,4
Sg56 HLA-DRB1*13KM 96.7
Sg62 2524 of the US patent 97%
Sg63 HLA-DRB1*14 :02 variant 97%
Sg66 Exon 2 HLA-DRB1 97.8
Sg73 HLA-DRB1*0340 97%
Sg78 HLA-DRB1*0327 99.6%

Sg139 HLA-DRB1*14 :06 :01 97%
Sg141 HLA-DRB1*0340 97.8%
Sg142 HLA-DRB1*14 :02 variant 97,4%
Sg143 New HLA-DRB1*03 97%
Sg144 HLA-DRB1*1414 97.8%
Sg149 HLA-DRB1*0327 98.5

Table 3: Genetic diversity parameters of the HLA-DRB1 gene.
Genetic diversity parameters Values 

Population size 28
Total number of sites 270

Non-variable sites 211
Variable sites 59

Singleton-type variable sites 25
Informative-type variable sites 34

Total number of mutations 78
Number of haplotypes 28

Haplotypic diversity (Hd) 1
Nucleotide diversity (Pi) 0.04766

Average number of nucleotide diff erences (k) 12.868
Mutation rate ® 1.04
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with a transitional mutation in the fourth nucleotide (G>A). 
These recombinations have contributed to an increase in the 
number of alleles of the HLA-DRB1 gene. In 2008, 540 HLA-
DRB1 alleles were identiϐied, making it the most polymorphic 
locus in the human genome [23]. Wysocki, et al. [22] reported 
2690 HLA-DRB1 alleles in 2020. Additionally, a recombination-
promoting region was found in all alleles of the same exon 
between positions 145 and 150, except for the HLA-DRB1*07 
allele [23]. This extreme polymorphism was also manifested at 
the codon level. Some of these proteins are affected by amino 
acid changes. Codons 23 (eight changes) and 65 (six changes) 
remained the most affected. Furthermore, three mutations 
were involved in the conversion of aspartic acid to isoleucine 
(GAC>ATA) at codon 23. 

The 73 mutations leading to amino acid changes remained 
concentrated at 34 sites, representing a ratio of 2.14 
mutations per site. These mutations affect codons 21 - 89 of 
exon 2, which correspond to codons 55 - 123 of the complete 
HLA-DRB1 gene. The portion between codons 21 and 89 
contains a hypervariable region encoded by exon 2. These 
three hypervariable regions are the most prone to amino acid 
changes [22]. The third region (encoded by exon 2 of the HLA-
DRB1 gene) lies between amino acids 67 to 74 in the alpha 
helix of the β1 chain, which is among the most important 
sites in antigen recognition in CD4+ T cells. Mutations in this 
hypervariable region can lead to a change in the antigenic 
speciϐicity of CD4+ T cells, causing them to recognize self-
antigens, thus inducing autoimmune responses. This was also 
discussed by Wysocki, et al. [22], who reported that mutations 
in this hypervariable region would lead to alleles that cause 
cross-reactivity, resulting in recognition of self-antigens by 
lymphocytes. This phenomenon is recognized as the process by 
which autoimmune diseases such as ARF arise. Wysocki, et al. 
[22] also identiϐied three amino acid sequences (70QRRAA74, 
70RRRAA74, and 70QKRAA74) that may be responsible for 
the production of self-antigens by T cells. These sequences are 
associated with rheumatoid arthritis [22]. Although absent in 
our sequences, they can be considered evidence of possible 
antigenic similarity (foreign and self-antigens) due to amino 
acid changes and the likely existence of other sequences 
involved in epitope similarities. 

In our sequences, this hypervariable region encoded by 
exon 2 of the HLA-DRB1 gene corresponds to amino acids 33 
- 40. Five of these residues were changed: valine at position 
33, phenylalanine at position 35, aspartic acid at position 36, 
serine at position 37, and glycine at position 40. Changes from 
aspartic acid to asparagine, serine to methionine, and glycine 
to tryptophan at positions 36, 37, and 40, respectively, were 
tested for pathogenicity. Thus, this region could be considered 
a target for researching molecular markers of autoimmune 
diseases, including ARF.

Pathogenicity tests indicated that 44% of mutations 
leading to amino acid changes may be involved in the onset of 

ARF in affected individuals. This could be explained by the fact 
that these amino acid changes affect protein conformation, 
function, and speciϐicity. A protein involved in lymphocyte 
antigen recognition can cross-react with foreign antigens (S. 
pyogenes antigens) and self-antigens, and may be affected by 
amino acid changes that affect its function. Changes in the 
hypervariable regions may also explain these pathogenicities. 
Codons 42 and 65 stand out from the crowd owing to their 
high variability in the population with a frequency of 85.18% 
and 77%, respectively. Notably, codon 42 was located 
immediately after the variable region and codon 65 was the 
most affected by amino acid changes. This high variability 
was also observed for codons 32 and 72. However, these were 
not tested for pathogenicity. These four codons (32, 42, 65 
and 72) could also be considered leads for researching ARF 
molecular markers. 

The modiϐication in the ϐirst two codon bases consistently 
had the most remarkable impact on amino acid changes, with 
81.94% versus 18.06% changes in the third base. This can be 
attributed to the redundancy of the genetic code, indicating 
that changes in the ϐirst two bases induce more amino acid 
changes. Moreover, changes in the third base often have 
no effect at the amino acid level. However, in some cases, 
these mutations can induce changes, as observed in 18.06% 
of the mutations in our population. The preponderance of 
transitional mutations in our sequences was consistent with 
that reported by Salomé & Kukkonen [23]. This previous 
study, which investigated all exons (1-6) of the HLA-DRB1 
gene, found a transitional mutation rate in exon 2 that far 
exceeded those of the other exons combined. 

Despite the high rate of polymorphisms in our sequences, 
codons 1-22 were not affected by these mutations. These 
codons corresponded to the ϐirst 62 nucleotides of the 
sequences. This sequence consistency was also found in the 
study by Salomé and Kukkonen [23], which revealed the 
conservation of nucleotides from 3 to 13. 

Alignment results from the IPD-IMG/HLA database 
showed that 17.85% of our sequences resembled alleles in 
the HLA-DRB1*03 group. This percentage is similar to that of 
the HLA-DRB1*14 allele group. Other similarities with HLA-
DRB1 alleles, namely HLA-DRB1*08 alleles, were also found. 
These similarities can be explained by the fact that these 
alleles contribute to the breakdown of immune tolerance, 
leading to reactions directed against self-antigens. The HLA-
DRB1*03 allele is associated with Lögren’s syndrome. This 
disease presents with symptoms similar to those of ARF, 
including fever, arthritis, and erythema. The HLA-DRB1 *08 
allele is found in the HLA-DR8/17 haplotype [3]. This study 
showed that the HLA-DR8/17 haplotype was most frequently 
associated with acute articular rheumatism. However, no 
similarity was observed with the HLA-DRB1*07 allele, which is 
the most implicated allele in acute articular rheumatism. This 
could be attributed to the population-based diversity of HLA 
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system genes. Thus, the HLA system has population-based 
allelic speciϐicity worldwide. Hamed, et al. [24] found the HLA-
DRB1*03 allele in 24.73% of 30 light-skinned moors, 34 dark-
skinned moors, and 29 Black Africans living in Mauritania. 
No HLA-DRB1*07 alleles were detected in this population. 
HLA-DRB1* 08:06, DRB1:08:04:01 alleles were found at high 
frequencies in sub-Saharan African, North African, and Black 
European populations in a study by Vina, et al. [25]. This study 
involved a sample of sub-Saharan Africans, Europeans, North 
Africans, and Black Europeans.

Genetic variability tests further conϐirmed the high 
polymorphism rate in exon 2 of the HLA-DRB1 gene, with 
78 mutations at 59 sites, 34 of which were informative. The 
number of informative sites corresponds to the number of 
sites where amino acid changes occur. This diversity is also 
reϐlected in the number of haplotypes, which is equal to the 
number of individuals in the population. In other words, 
these two sequences were not found in our population. This 
is attributed to the extreme polymorphism of HLA system 
genes. A codon selection test conϐirmed the prevalence of 
non-synonymous mutations with a positive outcome. This is 
consistent with the high rate of amino acid change.

Conclusion
This study aimed to identify mutations in exon 2 of the 

HLA-DRB1 gene involved in the onset of ARF in Senegalese 
patients. This was achieved using a molecular approach 
involving mutational analysis, diversity assessment, and 
evolutionary testing. The results aligned with our initial 
hypothesis regarding the involvement of HLA gene mutations 
in ARF development. In total, 73 variants leading to amino 
acid changes were identiϐied in exon 2 of the HLA-DRB1 gene. 
These mutations affect the structure and function of proteins. 
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