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Abstract

Original Article

Introduction

Genotyping Plasmodium vivax with microsatellite markers 
offers insights into parasite diversity; however, drawbacks 
include hypervariability and low sensitivity to detect minority 
alleles, limiting their utility for tracking individual genotypes 
and recurring variants longitudinally in endemic areas.[1] 
Amplicon deep sequencing  (ADS) for highly polymorphic 
molecular markers has become an innovative tool for the 
identification of multiclonal infections based on unique 
haplotypes.[1]

Relapses in P. vivax infections often involve genetically 
distinct parasites from those already present in the 
bloodstream (referred to as multiplicity of infection [MOI]).[2,3] 

Hence, tools that facilitate the comprehension of the underlying 
population structure of P. vivax are imperative. Merozoite 
surface protein‑1 (MSP1) is coded by a single‑copy gene, 
making it suitable for genotyping individual P. vivax clones 
as its ortholog in Plasmodium falciparum infections.[3‑8] 
Herein, we demonstrated, first, that a seroprevalence of 
antibodies against sets of haplotype‑specific peptides to 
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the Block 2 region of P. vivax MSP1  (PvMSP1)  (block 2 
peptides) is capable of confirming the infection of parasite 
clones determined by ADS. Given the risk of relapse of 
P. vivax malaria during pregnancy, we assessed whether 
the IgM and IgG anti‑haplotype‑block 2 antibodies can be 
used to detect parasite clones infecting pregnant women in 
primary infection  (PI) and across subsequent recurrences 
during pregnancy.

Methods

Research quality and ethics statement
This study received approval from the Institutional Review 
Board/Ethics Committee  (Fundação de Medicina Tropical 
Dr. Heitor Vieira Dourado IRB# 42021515.0.3001.0005 and 
University of São Paulo IRB# 50158321.0.0000.5467).

Blood samples used in the amplicon deep sequencing to 
determine parasite clones of Plasmodium vivax‑infected 
patients
Blood samples were obtained from eight patients diagnosed 
with malaria by P. vivax attended at the Tropical Medicine 
Foundation Dr.  Heitor Vieira Dourado  (FMT‑HVD) in 
Manaus, Brazil. 10  mL of peripheral blood was collected 
immediately after confirmation of monoinfection in the 
thick blood smear by microscopy. They were identified as 
PV01 until PV08. DNA extraction was performed using the 
Qiagen genomic DNA extraction kit. A  polymerase chain 
reaction  (PCR) was conducted to generate 350–400 base 
pair (bp) amplicons of the block 2 region of the pvmsp1 gene 
according to the description.[8] The amplicons were stored 
at −20°C until sequencing.

Preparation of amplicon deep sequencing in ion 
torrent – PGM™ system
The up to 400 bp Block 2 pvmsp1 amplicon library was prepared 
and labeled from the 8 samples with equimolar inclusion of 
a multiplex identifier (barcodes) using Ion OneTouch™. At 
the end of the reaction, a purification step was performed 
using the Agencourt® AMPure® XP reagent following the 
manufacturer’s guidelines. Once the preparation of the library 
was completed, the PCR step was performed in emulsion 
with ion sphere particles (ISPs) containing complementary 
sequences to the adapter P1, using the Ion PGM™ template 
OT2 200 kit (Cat. 4480974‑Life Technologies/Ion Torrent™) 
on Ion OneTouch™ System 2 (Life Technologies) equipment. 
The ISPs were enriched and placed on a 314 chip in the Ion 
PGM™ system to the sequencing that took place. The data 
generated were initially analyzed using the Torrent Suite 
4.2 software. Raw sequence reads were separated based on 
the barcodes from the pooled data into amplicon‑specific 
data, then filtered according to read length, overall quality 
scores, and presence of primer sequences. Sequences were 
edited and translated into amino acid sequences using the 
DNAstar package to identify haplotype sequences located at 
the beginning of block 2.

Block 2 Plasmodium vivax‑merozoite surface protein‑1 
haplotypes and development of sets of block 2 peptides
The genetic diversity of P. vivax MSP1 block 2 variants 
found in parasites circulating in Manaus and other endemic 
regions of Brazil and the world.[8] A mosaic has been created 
using different colors to facilitate the comprehension of 
diversity [Supplementary Figure 1]. Amino acid sequences 
containing predicted B‑cell epitopes were chosen for 
synthesis as peptides composed of 16–20 residues, 
corresponding to each PvMSP1‑Block 2 haplotype. 
Peptides were synthesized in the solid phase using the Fmoc 
strategy  (9‑Fluorenil‑metoxicarbonila‑link), deprotected 
with tr if luoroacetic acid/water/1,2‑ethanodithiol/
triisopropylsilane, and eluted in aqueous acetonitrile 
on reverse phase chromatography on a Sephasil® 
C8 pept ide  co lumn in  h igh‑per formance  l iqu id 
chromatography [Supplementary Table].

Enzyme immunosorbent assay
The enzyme‑linked immunosorbent assay  (ELISA) was 
conducted using HRP‑conjugated mouse monoclonal 
antibodies against human IgG  (IG266) and human 
IgM  (ICL‑931)  (Novus Biologicals). A  cutoff value was 
established for each peptide using plasma samples from 10 
healthy individuals who had never had malaria following the 
method outlined by Versiani et al.[9] The reactivity index (RI) 
was determined by the mean OD of the duplicates of each 
sample divided by the cutoff value. Samples with an RI ≥1 
were considered positive.

Plasmas from Plasmodium vivax‑infected pregnant 
women
P l a s m a s  f r o m  7 2  P.  v i v a x ‑ i n f e c t e d  p r e g n a n t 
women were  provided by Professor  Dr.   Claudio 
Marinho  (ICB‑USP).[10‑12] Pregnant women infected 
with P. vivax were enrolled in these studies through 
volunteer sampling and followed up until delivery. 
Blood samples were collected during these visits, and 
additional samples were obtained for each episode 
of  malar ia  dur ing pregnancy.  Malar ia  screening 
was performed by microscopy. Upon diagnosis, all 
pregnant  women infected with P.  vivax  received 
treatment with chloroquine over a 3‑day period with 
successful treatment confirmed by microscopy. No 
hypnozontocidal  t reatment  wi th  pr imaquine was 
administered.[13]

Of the 72 plasma samples provided, 41 had only the PI 
during pregnancy  (labeled as samples 1–41), 17 had a 
PI and one recurrence episode  (Group PI + 1R) in the 
same pregnancy  (labeled as samples 42–58), and 14 
women had the PI and two or more recurrent episodes 
during the same pregnancy  (Group PI ≥2R, labeled as 
samples 59–72).

Data treatment and statistical analysis
The nonparametric Kruskal–Wallis test was employed 
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to evaluate IgM and IgG levels, as well as the number of 
recognized peptides, among the three groups. In the case of 
two groups, the Mann–Whitney U‑test was utilized. Statistical 
significance was defined as P < 0.05.

Results

Amplicon deep sequencing and haplotype‑specific IgM
IgM and IgG antibody responses against sets of Block 2 

Figure 1: Amplicon deep sequencing (ADS) and specific haplotype antibody response as a new tool for the exposure to haplotype block 2 variants in 
actual infection (a) Deep sequencing was employed to analyze polymerase chain reaction products derived from the block 2 region of the Plasmodium 
vivax‑merozoite surface protein‑1 (MSP1) gene, aiming to identify parasite clones according to MSP1 Block 2 haplotypes in two primary‑infected 
individuals (PV04 and PV08). Arrows highlight the detection of a single clone in 100% of the reads. Both patients were infected with haplotype 1 (H1). 
Histograms depicting the IgM and IgG antibody responses of both patients illustrate the recognition of peptides from haplotype 1 exclusively by 
IgM; (b) The same strategy has been used here with 3 patients who already had a history of malaria (PV02, PV03, and PV05). Arrows highlight the 
detection of a single clone in 100% of the reads, who were infected by only one clone based on the block 2 haplotype of MSP1. Patients PV02 and 
PV05 were infected by haplotype H1 and patient PV03 by haplotype H4. Histograms depicting the IgM and IgG antibody responses. Comparison of 
IgG reactivity between peptides corresponding to the clone of the current infection in relation to the peptides of other haplotypes; (c) Quantification 
of the reads of sequences obtained in the ADS of block 2 in three patients who showed infection by 3 clones based on the haplotype of MSP1 block 
2 (for more details consult materials and methods). Histograms depicting the IgM and IgG antibody responses. Comparison of IgG reactivity between 
haplotype‑specific peptides by t‑test used
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peptides were assessed with plasmas of P. vivax‑infected 
patients whose parasite population was characterized on 
Block 2 pvmsp1 haplotypes by ADS. Two samples  (PV04 
and PV08) were from individuals with PIs, and ADS 
revealed infection by only haplotype  H1 in 100% of the 
reads  [indicated by arrows in Figure  1a]. Histograms 
illustrating the IgM and IgG antibody responses of both 
patients demonstrate the recognition of peptides from 
haplotype 1 by only IgM.

The six remaining samples were obtained from individuals with 
a history of malaria [Figure 1b]. Three showed infection by a 
specific haplotype (PV02, PV03, and PV05). The haplotype H1 
was detected in PV02 and PV05, whereas haplotype  H4 
was identified in PV03. Histograms depicting IgM and IgG 
antibody responses for each patient are provided. The IgM 
antibody response illustrates the recognition of peptides only 
from the haplotype detected by ADS [indicated by arrows in 
Figure 1b]. Regarding IgG, plasma from patient PV03 did not 
exhibit a switch to IgG, whereas plasma from patients PV02 
and PV05 did. In addition, IgG antibodies to other haplotypes 
suggest previous exposure to malaria.

Samples PV01, PV06, and PV07 each showed infection 
by three haplotypes, with all patients having a history 
of four previous episodes of malaria  [Figure  1c]. ADS 
enabled the quantification of these haplotypes, revealing 
a predominant haplotype with more than 95% of the reads 
in all samples  [see frequencies of haplotypes by ADS in 
Figure 1c]. In the same figure, the IgM and IgG histograms 
illustrate antibody responses of patients PV01, PV06, 
and PV07 against sets of peptides corresponding to the 
respective haplotypes identified in ADS. In sample PV07, we 
identified haplotype H5 with 97.6% of the reads, followed 
by H1 with <2% of reads, and H4 with <0.1%. In sample 
PV01, the infection involved haplotypes H5, H4, and H1, in 
descending order. In the PV07 isolate, Mann–Whitney tests 
revealed statistically different IgM levels against peptides 
between haplotypes H5 and H1 (t‑test P = 0.02). IgM levels 
against the predominant haplotype were statistically higher 
than antibody levels against H1, which was the second‑most 
frequent but accounted for <1% of reads. Conversely, IgG 
levels were not correlated with the parasite load estimated by 
the number of reads. The IgG level against haplotype H5 was 
negative (below the cutoff reactivity obtained with negative 
control plasmas).

Sample PV01 was infected with haplotypes H5, H4, and 
H1 in descending order  [see frequencies of haplotypes 
by ADS in Figure  1c]. Similarly, IgM levels against the 
predominant haplotype  H5 were statistically higher than 
antibody levels against H4, which was the second‑most 
frequent, and the least common haplotype, H1  [see IgM 
histogram, Figure  1c]. In this sample, IgG levels against 
peptides of the predominant haplotype H5 were higher than 
those against peptides of H4 (the minor haplotype) but did 
not differ from IgG levels against peptides of haplotype H1, 

which was the least common minor haplotype  [see IgG 
histogram, Figure 1c].

The same was observed with the sample PV06 that was infected 
with the haplotypes H3, H4, and H2 in descending order [see 
frequencies of haplotypes by ADS in Figure  1c]. The IgM 
levels against the predominant H3 were statistically higher 
than haplotypes H4 and H2 [see IgM histogram, Figure 1c]. 
The IgG levels against H4 were not correlated with the 
parasite load estimated by the number of reads, whereas to the 
other haplotypes the IgG were negative [see IgG histogram, 
Figure 1c].

IgM ant i ‑b lock 2 haplotypes of  Plasmodium 
vivax‑merozoite surface protein‑1 in malaria recurrences 
during pregnancy
IgM and IgG antibody responses were assessed for detecting 
exposure and re‑exposition to individual clones of the 
parasite in P. vivax‑infected pregnant women that had 
recurrences during pregnancy. Out of 72 P. vivax‑infected 
pregnant women tested, 41 had only PI during pregnancy, 
whereas 31 experienced recurrences during the same 
pregnancy, subdivided into 17 with one recurrence episode 
and 14 with two or more recurrent episodes. The time of 
PI was similar between groups; in the ONLY_PI group, 
the PI occurred at a median of 23  weeks of gestational 
age (IQ25 = 15 and IQ75 = 30), whereas the median for the 
PI + 1R and PI ≥2R groups was both 23 weeks (IQ25 = 15 
and IQ75  =  29) and 19  weeks  (IQ25  =  14 and IQ75  =  25), 
respectively [Figure 2a‑c].

In terms of those who experienced recurrent P. vivax 
infections, the mean interval for the second episode in the 
PI + 1R group was 8 weeks (ranging from 5 to 30 weeks), 
well above the half‑life of IgM in plasma. This suggests 
an increase in IgM antipeptide levels compared to those in 
the PI, which may indicate recrudescence or re‑exposure 
to the same parasite populations. As for pregnant women 
in the PI  ≥2R group, the shortest period between the 
first and second episodes was 2 weeks, and the longest 
was 13  weeks. Between the second and third episodes, 
the shortest period was 1 week, whereas the longest was 
11 weeks.

Figure 2a illustrates the IgM and IgG antibody responses 
during the PI among women in the ONLY_PI group. 
Figure  2b displays IgM and IgG antibody responses 
during the PI and recurrences among women in the 
PI + 1R group. Figure 2c shows IgM and IgG antibody 
responses during the PI and successive recurrences 
among women in the PI  ≥2R group. Most pregnant 
women presented IgM that recognized more than one 
peptide, indicating multiplicity of P. vivax infection 
with co‑infecting parasite clones per woman. Regarding 
recurrences, several women in the PI + 1R and PI ≥2R 
groups exhibited IgM responses against peptides of 
the same block 2 pvmsp1 haplotypes in successive 
episodes [Figure 2b and c].
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The IgG reactivity was very low. Regarding the IgM to 
IgG switch, 8 women in the ONLY_PI group exhibited the 
switch [Figure 2a], 2 in the PI + 1R group showed the switch 
during the first infection, and only 1 showed the switch during 
the second episode [Figure 2b]. In the PI ≥2R group, 4 women 
showed the switch during the first infection, 1 during the second 
episode, 1 during the third episode, and 1 during the fourth 
episode [Figure 2c].

Regarding the number of peptides recognized by samples 
from the three groups of pregnant women, no differences 
were observed during the PI  [Supplementary Figure  2]. 
However, the paired t‑test indicated a reduction in the number 
of peptides recognized by samples from the PI + 1R group 
between the PI and the second malaria episode. For pregnant 
women in the PI ≥2R group, the repeated measures one‑way 
ANOVA test revealed a significant reduction in the number of 
peptides recognized by IgM between the PI and the second 
and third malaria episodes (P = 0.012). No differences were 
observed for IgG between the second and third episodes.

IgM antipeptides as a tool for monitoring re‑exposure to 
Plasmodium vivax‑merozoite surface protein‑1 block 2 
haplotypes
This assumption is better verified when IgM antibody 

levels against sets of peptides for each haplotype are 
followed up throughout the recurrences in the PI  +  1R 
group  [Figure  3] and in the PI  ≥2R group  [Figure  4]. 
Figure  3 shows the maintenance of IgM levels or even 
an increase in the second episode compared to the initial 
infection. Subject S‑47 experienced her second episode 
5  weeks after the PI, subject S‑50’s second episode 
occurred 21  weeks later, and subject S‑53 had her 
second episode 11  weeks after. All of them maintained 
or increased IgM levels against peptides of H1 in the 
second episode [Figure 3a]. Subject S‑44 had her second 
episode 15 weeks after the PI, and subject S‑48 had hers 
6 weeks later, both showing increased IgM levels against 
peptides of H2 [Figure 3b]. Subject S‑55 experienced her 
second episode 6 weeks later and exhibited increased IgM 
against peptides of H3, similar to subjects S‑44, S‑48, 
and S‑50 [Figure 3c]. The same trend was observed with 
subjects S‑56 and S‑57 in relation to peptides of H4, with 
the period between the PI and the second episode being 
18 and 14 weeks, respectively [Figure 3d]. Subjects S‑44, 
S‑47, and S‑48 also had increases in IgM against peptides 
of H5 and H6 [Figure 3e and f].

The increase in certain IgM antipeptides throughout the 
recurrences was most pronounced with women that more 

Figure 2:  Distribution of the IgM and IgG reactivity from the serum of pregnant women with vivax malaria divided into groups (a) ONLY_ primary 
infection (PI) group: women who have had only a single malaria infection during pregnancy (b) PI + 1R group: women who had an infection and a 
relapse of malaria (c) PI ≥2R group: women who had an infection and 2–4 relapses. Each line represents a pregnant woman. Sets of block 2 peptides 
were developed against variant sequences of six block 2 sequences of Plasmodium vivax MSP1 and referred to as H1 to H6. White square‑negatives. 
Gray square serums with IgM reactivity against respective peptides in which they appeared only once at some point during pregnancy. Red square 
serums with IgG reactivity. The time of PI between groups. In the ONLY_PI group, PI occurred with a median of 23 weeks of pregnant age (IQ25 = 15 
and IQ75 = 30), while the median of PI + 1R and PI ≥2R groups were 23 weeks (IQ25 = 15 and IQ75 = 29) and 19 weeks (IQ25 = 14 and IQ75 = 25)
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recurrence episodes  (PI+>2R group). Figure  4 shows a 
pattern of maintenance or increase in subsequent episodes 
was observed with other peptides as well. Subjects 
S‑61, S‑64, and S‑69 exhibited sustained IgM levels 
against peptides of H1 between the second and third 
episodes [Figure 4a]. Subjects S‑60, S‑62, and S‑69 showed 
this trend with peptides of H2, especially subject S‑60 for 
four episodes [Figure 4b]. Subjects S‑59, S‑61, S‑62, S‑64, 
S‑69, and S‑71 exhibited it with peptides of H3 [Figure 4c]. 
Similarly, subjects S‑62, S‑68, and S‑69 displayed this 
pattern with peptides of H4  [Figure  4d], and S‑61, S‑62, 
S‑65, and S‑69 did so with peptides of H5  [Figure  4e]. 
Notably, subjects S‑64, S‑65, and S‑69 exhibited this pattern 
with peptides of H6 [Figure 4f]. The sustained or increasing 
IgM levels throughout pregnancy likely indicate repeated 
exposures to the same populations of Block 2 pvmsp1 
haplotypes.

Discussion

Conventional genotyping methods often under‑ or overestimate 
the MOI and great progress has been made with next‑generation 
sequencing.[1,14,15] However, since these targets are partial 
genomic regions, they may not fully represent the complete 
polymorphism in mixed infections.[14] That’s why the use 

of serological markers is also necessary to understand the 
exposition to clones of parasites. Here, we have developed 
a strategy that combines haplotype genotyping and antibody 
responses, both targeting Block 2 pvmsp1 haplotypes. Among 
the eight patients, IgM levels were consistent with the parasitic 
load corresponding to the “reads” of ADS. The combination 
of haplotype genotyping and antibody response to specific 
haplotype allows understand the population structure of 
P. vivax.

Serological markers for detecting recent exposure to 
P. vivax infection have been the subject of several 
studies.[16‑18] Those based on robust IgG antibody responses 
do not distinguish clonal parasite populations.[17,19] Here, 
all samples infected by only one haplotype showed IgM 
antibody responses recognizing peptides from the same 
haplotype. Among samples infected by three haplotypes, 
the IgM levels were statistically higher against the 
predominant haplotypes. Conversely, IgG levels were not 
correlated with the parasite load estimated by the number 
of reads may be due to poorly immunogenic or elicit 
short‑lived antibody responses.[20] IgM antibody response 
to sets of peptides of block 2 pvmsp1 haplotypes may be 
considered a good serological marker of exposure; however, 
more studies are needed.

Figure 3: Antibody response to Plasmodium vivax‑merozoite surface protein‑11 (MSP1) block 2 specific haplotype peptides among pregnant women 
who have had a primary infection and a second malaria episode. Of the women, 17 had an initial infection and a relapse, which were confirmed by 
microscopy of the thick and thin smears of peripheral blood and polymerase chain reaction. Serology for IgM was performed against 6 haplotype‑specific 
peptides of Plasmodium vivax‑MSP1 Block 2 (a) H1 (b) H2 (c) H3 (d) H4 (e) H5 and (f) H6. Each woman was represented by a symbol and to the 
right of each graph are women who maintained or increased IgM levels on relapse relative to the initial infection
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Since hypnozontocidal treatment is contraindicated in 
pregnancy, pregnant women generally experience two 
or more parasitemia episodes.[21,22] We observed the 
persistence of IgM against the same sets of peptides in 
many pregnant women, as highlighted in Figures 3 and 4 
with larger symbols. Note the IgM levels observed by two 
women, S‑62 and S‑70, against sets of peptides H3 and H4, 
respectively, well‑characterize a re‑exposure  [Figure  4]. 
Despite IgM usually being considered short‑lived according 
to studies,[17,18] its persistence in this study is important 
for detecting recent exposure to P. vivax, especially in 
shorter time frames. Another important finding was the low 
frequency of switching from IgM to IgG over successive 
episodes of recurrence  [Figure  4b and c], which may be 
due to the poor immunogenicity of variant antigens,[20] in 
addition to the immunosuppression during pregnancy. Thus, 
IgM serology with our sets of peptides generated from the 
main haplotypes of PvMSP1 block 2 may be utilized as a 
serological marker for parasite clones and an auxiliary tool 
for determining relapse/reinfection epidemiology in vivax 
malaria.

The study had some limitations, including the lack of a 
genotyping method to confirm the relapses and the low 

reactivity of IgG in pregnant women against peptides in the 
ELISA when using a haplotype‑specific peptide.

Conclusion

Our analysis suggests that IgM serology based on block 2 
pvmsp1 haplotypes may be a useful system for observing the 
response against a specific haplotype, which may be used as 
a strategy for malaria control and elimination.
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Supplementary Figure 1: Exploration of Plasmodium vivax‑merozoite surface protein‑1 block 2 genetic diversity (a) A mosaic assembly of several 
block 2 sequences obtained from the GenBank database containing hybrid (or semi‑conserved series) flanking random repeats. The mosaic was 
drawn using different colors for the conserved, hybrid, and repeat sequences to facilitate comprehension of diversity. Six allelic families sharing hybrid 
sequences up and downstream of random repeats

Supplementary Figure 2: Comparison of the number of haplotype‑specific peptides recognized. A number of peptides recognized through IgM (a) and 
IgG (b) in 41 women in the ONLY_primary infection (PI) group (who only had a malaria episode during pregnancy), 17 in the 1‑PI + 1R group (had 
an initial infection and a relapse) and 14 in the PI ≥2R group (had an initial infection and two more relapse episodes). The Friedman test was used to 
compare the number of haplotype‑specific peptides recognized between primary infection and second episode of pregnant women of PI + 1R and 
PI ≥2R group. nsNonsignificant
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Supplementary Table: Block 2 peptides sets.

Haplotype Haplotype Sequence Block 2 peptides
H 1 DENAKRGSTQSNTTNGTGAQNNAAQGSTGNTETGTQSSA NTTNGTGAQNNAAQG

QGSTGNTETGTQSSA
SSASSTNLSGGAGTT
RGGQSTNTTDGTGAQNNAA
GTTVVGTSSPAPAAP
PAAPSSTNANYEAKKI

H 2 DENAKRGQSISISTISGNGAQTDGHQ SISTISGNGAQTDGHQ
STGNRSPSQAPAAP
RSPSQAPAAPPAASS

H 3 DENAKRGGTQSNTTNGTGAQTDGHQPTTASSET SSETTQNSGSSGTGSSD
QNSGSSGTTQNSGSTGN
GNISHPAAPAASSPT
PAASSPTDENYTNKKA

H 4 STENDKRNGGGQYTDMINGNGTQA GGQYTDMINGNGTQA
TGSTGNISPSQARAD
QARADSPSTGTDYNAK

H 5 AENKKRSGHPTT LIIAENKKRSGHPTT
TTTTNGAGTQPANGSIA
IAAASSETTQISGSSN
SGSTGHGSSNPGSSGTG
STGNGQSPPATADASP
PPATADSPSTGTDYNA

H 6 EEHKKRSGQYT EEHKKRSGQYT
RSGQYTSTISGN
STGNRSSSQARA

We designed sets of block 2 peptides containing major semi‑conserved sequences upstream of repeats of six Block 2 Plasmodium vivax‑merozoite 
surface protein‑1 haplotypes, referred to as H1, H2, H3, H4, H5, and H6. In addition, B‑cell epitope predictions were carried out on all peptides using six 
haplotypes of HLA DRB1: 0101, 0301 (DR17), 0401 (DR4Dw4), 0701, 1101, and 1501 in the BcPred algorithm (red underlined bars).[1] In ABCPred, 
putative epitopes with 12 amino acids in length were generated with a specificity of 75% and predicted with window length of 10 and threshold 0.7. 
Underlined aa refers to the suggested epitope with aa score ≥0.7 (blue underlined bars)[1]


