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A B S T R A C T

Background: The HLA-DR15 extended haplotype HLA-DRB1*15:01-DQA1*01:02-DQB1*06:02 comprises the
strongest genetic risk factor for multiple sclerosis (MS). The aim of this work was to investigate whether HLA-
DR15 alleles were significantly associated with the susceptibility to MS familial forms (MSf) in an admixed
Brazilian population.
Methods: Association analyses between DR15 and the clinical and demographic variables were made.
Results: We have genotyped 25 familial cases. The DR15 was detected in 11/25 (44%) of them and in none of
controls (P < .00001). DR15 was significantly associated to a foreign ancestor background (P= .029) and later
age of onset (P= .018).

1. Introduction

Although multiple sclerosis (MS) has a complex and multifactorial
etiology, the human leukocyte antigen (HLA) genes have been im-
plicated in susceptibility to the disease for> 40 years (Naito et al.,
1972). The HLA-Class II alleles represent independently the major ge-
netic contribution to MS risk, specifically within the DR15 haplotype:
HLA-DRB1*15:01-DQA1*01:02-DQB1*06:02 - which has been a
common finding in MS populations, mainly those of Northern European
descent (Haines et al., 1998).

Similarly, the association of HLA-DR15 extended or partial haplo-
types with the risk of MS was observed in Mediterraneans, (Villoslada
et al., 2002; Cocco et al., 2013) Northern Africans (Messadi et al., 2010;
Ouadghiri et al., 2013) and Colombians (Rojas et al., 2010). However,
in African Americans, Iranians and French Afro-Caribbeans, suscept-
ibility was independently conferred by DRB1*15:01 genotype
(Oksenberg et al., 2004; Ghabaee et al., 2008; Deschamps et al., 2010).

Brazilian studies also have found DRB1*15:01 participation in MS
(Alves-Leon et al., 2007; Paradela et al., 2015).

Relatives of probands are at increased risks of developing MS, since

recurrence risk for first-degree relatives even reaches 50 times the rate
for the general population (Sadovnick and Baird, 1988). This familial
aggregation emphasizes the genetic factor behind MS. Families with
two or more cases of MS (familial forms) are suitable models for
studying the effect of genetic risk factors (Chao et al., 2009).

The aim of this work was to investigate whether HLA-DR15 alleles
were also significantly associated with the susceptibility to familial
forms of MS (MSf) from an admixed Brazilian population - in which
African Brazilians constitute 31% of sporadic MS subjects (the re-
maining 69% were White Brazilians) (Papais-Alvarenga et al., 2015).

2. Patients and methods

We performed a cross-sectional observational study in a reference
center for diagnosis and treatment of idiopathic inflammatory demye-
linating diseases of the central nervous system (IIDD).

Our institution (Hospital Federal da Lagoa) is a public general
hospital, located in Rio de Janeiro city (the second most populous city
in the country, counting over 6 million inhabitants) to where the ma-
jority (75%) of MS patients, who have been residing in Rio de Janeiro
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and adjoining cities, are referred (Papais-Alvarenga et al., 2015).
MS patients followed until 2011 had their diagnosis reviewed by a

neurologist team, according to McDonald criteria (Polman et al., 2005).
Those patients who had mentioned at least one relative affected by MS
were included as MSf in a preliminary selection.

Further interviews, medical record revisions and clinical evalua-
tions were made to refine the sample.

We excluded cases whose relatives could not meet diagnostic cri-
teria by our neurologist team or by external neurologists who had as-
sisted them in other clinical settings. MS affected families whose
members had already died, or were unavailable for evaluation, were
also excluded from this project. New cases were included until 2014.

Healthy controls' blood samples (N=116), derived from 70 females
(60.3%) and 46 males (39.7%), were obtained for comparison of gen-
otypic frequencies. All controls were natives of Rio de Janeiro state,
which encompasses Rio de Janeiro city.

2.1. Variables

Demographic and clinical information of MSf were collected while
evaluating patients or reviewing medical records. Age, gender, foreign
ancestry (until third-degree ancestor) and outpatient care origin were
assessed. Ethnicity was determined by skin color and phenotypic fea-
tures.

The clinical parameters evaluated were age of onset, disease dura-
tion, clinical course and severity. The last, measured by the Multiple
Sclerosis Severity Score (MSSS). MSSS is a useful algorithm for com-
paring disease progression among patients, considering disease dura-
tion and disability (Roxburgh et al., 2005). The onset was defined as the
time of the first attack - symptoms either registered in medical records
or recalled by the patient, which came earlier, as long as compatible
with injuries described in Kurtzke Functional Systems (Kurtzke, 1983).
Disease courses were defined according to Lublin et al. (2014) revised
classification as isolated clinical syndrome (ICS), relapsing-remitting
(RRMS), secondary progressive (SPMS) and primary progressive
(PPMS).20

Families were assorted into 3 groups according to kinship, as pro-
posed by previous studies: first-degree (pairs related by first-degree),
multiplex (families with>3 MSf cases related by any degree), second/
third-degrees (pairs related by second-degree or further levels)
(Weinshenker et al., 1990). We have also classified the cases regarding
generational relationships between the co-affected relatives as: colli-
near (siblings, cousins) or intergenerational (parents - children; aunt/
uncle - niece/nephew).

2.2. HLA genotyping

DNA was isolated from peripheral blood samples by organic
method, and the HLA-DRB1, HLA-DQB1 and HLA-DQA1 alleles were
identified by PCR amplification with sequence-specific primers (SSP-
PCR) for typing the HLA alleles, using the One Lambda commercial kit
(Canoga Park, CA, USA), according to the manufacturer's re-
commendations; followed by capillary electrophoresis on the ABI
PRISM® 3500 Genetic Analyzer (Applied Biosystems, Foster City, CA)
platform to identify the genetic profiles in the patient and control
groups. All blood samples were obtained after informed consent. And
this study has been approved by Human Research Ethics Committee of
the Universidade Federal do Estado do Rio de Janeiro.

2.3. Statistics

The association between categorical variables were analyzed either
by Pearson's Chi-square (χ2) or Fisher's Exact Test (for cell expected
count lesser than 5).

For quantitative variables, we chose the non-parametric test: Mann-
Whitney U.

The level of statistical significance was set at.05.
Concordance within families was tested by Cohen's kappa coefficient

(k) for categorical data and by intraclass correlation coefficient (r) for
quantitative data.

SPSS 13.0 software package was used for data analysis.

3. Results

We have found 37 eligible MSf cases of a total of 18 families, from
which 33 MSf cases (89.2%) were followed by our team. Twenty-nine
blood samples were obtained, leading to only 25 successful genotyping
results (67.6% of total MSf cases) regarding to 15 families.

In an overall analysis (N=37 patients), the families were cate-
gorized, according to kinship, in: first-degree relative group with 13
families (N=26); second/third-degree relative group with four fa-
milies (N=8); and only one family categorized as multiplex, with a
family trio (N= 3).

Demographical and clinical data are summarized in Table 1.
When comparing the genotyped patients (N=25) with the non-

genotyped ones (N= 12) regarding demographic characteristics, no
significant differences were observed for age (P= .806), ethnicity
(P= .582), foreign ancestry (P= .486) and gender (P= 1.000). The
sole difference between these groups resided in the outpatient care
origin (P= .007), once eight from the twelve non-genotyped patients
were clinically attended in other institutions.

The majority of MSf cases (N=27; 73%) consisted of collinears.
Intergenerational pairs represented a smaller proportion (N=10;
27%).

3.1. HLA - DR15 alleles

The extended DR15 haplotype was found in 11/25 patients (44%).
Other six patients (24%) had a pair of distinct alleles of DR15 haplotype
- DRB1*15:01, DQA1*01:02 or DQB1*06:02. Three patients (12%)
carried only one distinct allele of DR15, while five patients (20%) did

Table 1
Familial forms: clinical and demographic data.

N (valid cases %) Missing

Sex (F 3.6: M 1) 0
Female 29 (78.4)
Male 8 (21.6)

Ethnicity 0
African Brazilians 4 (10.8)
White 33 (89.2)

Foreign ancestry 9 (60) 22

Mean [SD] Missing

Age 43.1 [± 11.6] 1
Age of onset 28.8 [± 10.6] 1
Disease duration (years) 14.4 [± 9.4] 1
Clinical course N (%) 0
ICS 0
RRMS 24 (64.9)
SPMS 7 (18.9)
PPMS 6 (16.2)

Median (intervala) Missing

MSSSb 1.98 (0.11–9.95) 2
First-degree 1.64 (0.22–9.58) 1
Multiplex 7.98 (0.67–8.98) 0
Second/third-degrees 2.44 (0.11–9.95) 1

SD: standard deviation.
a Minimum and maximum values.
b Multiple Sclerosis Severity Score.
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not show any allele of this haplotype. The detailed results are displayed
on Table 2. When considering those alleles separately, the DQB1*06:02
was the most frequent, carried by 18 patients (72%). DQB1*06:02 was
also the sole DR15 allele found in the only two genotyped African
Brazilians from this sample – a pair of sisters. The second most frequent
allele was DQA1*01:02, found in 17 cases (68%). DRB1*15:01 was
detected in 13 individuals (52%) and each one of them, with the ex-
ception of two patients, also had the extended haplotype.

Distinguishing patients by HLA-DR15 carrier status, we found that
the HLA-DR15 positive result was statistically significant when asso-
ciated with foreign ancestor background (P= .029) and later age of
onset (P= .017). After multivariate analysis, these variables proved to
be independently associated with HLA-DR15. It was noted a tendency of
association of PPMS with HLA-DR15 (P= .084). All intergenerational
cases tested were HLA-DR15 negative, and this association was statis-
tically significant (P= .046) after the scrutiny of multivariate analysis.
The female-to-male ratio was higher for the HLA-DR15 positive group
(female: male= 10) compared with HLA-DR15 negatives (female:
male= 2.5), although the difference was found not significant
(P= .341). No statistically significant differences were found between
the HLA-DR15 carriers and non-carriers regarding ethnicity or disease
severity (Table 3).

The extended HLA-DR15 was not observed in the controls. This
strongly contrasted with MSf results; furthermore, the difference be-
tween the two groups is of statistical significance (HLA-DR15 fre-
quencies: patients - 44% vs. controls - 0%; two-tailed P < .00001).
Considering each allele frequency independently, all of the three alleles
were overrepresented in MSf cases when comparing with controls
(Table 4). However, after applying Bonferroni correction for 83 vari-
ables (all DRB1, DQB1 and DQA1 alleles) analysis, the new P value set
was .0006 and DQA1*01:02 association lost statistical significance.

4. Discussion

MS familial forms account for various proportions of overall MS
cases around the world and might be as frequent as one familial case in

five (20:100) of MS cases among Caucasians from North America (Ebers
et al., 2000). The only published study regarding epidemiology of MSf
in Rio de Janeiro, Brazil, found a lower prevalence rate of 6.12:100
(Papais-Alvarenga et al., 2015).

HLA-DR15 haplotype or DRB1*15:01 allele alone have been asso-
ciated with MSf in many studies including populations of Caucasian
descent (Fogdell et al., 1997; Haines et al., 1998; The Multiple Sclerosis
Genetics Group et al., 2002).

One study with Latins had provided data regarding HLA Class II
alleles in MSf. Alvarado-de la Barrera et al. (2000) had investigated the
occurrence of DRB1*15:01 and other HLA-DRB1, DQA1 and DQB1 al-
leles among Mexican Mestizos affected by MS. Eight patients with
sporadic MS and other nine patients with MSf (all Mexican mestizos)
were genotyped. Although not relied on statistical analysis matching
controls, they found that the most frequent DRB1 alleles for MS patients
were DR15 (*15:01) and DR3 (*03:01).

Albeit not performed with familial forms, other studies in Latin
American populations have investigated the influence of DRB1, DQA1,
DQB1 alleles on susceptibility to MS in the past two decades (Tables
5–6). The most frequent finding is the risk attributable to DRB1*15:01;
however, distinct Class II alleles were implicated in the susceptibility to
MS depending on the particular ethnic background of the populations.
The different patterns of linkage disequilibrium (LD) seen in those ad-
mixed populations favors the estimation of the risk contribution of a
single allele.

In Brazilians, the investigations of HLA Class II alleles in MS have
been restricted to samples from the Southeast and the South Regions –
which have the greatest proportions of White population in the country.
The Southeast had been the political center of the Colony since late
XVIII century, and in 1808 the Portuguese court moved entirely there.
This region attracted many Europeans from Iberian Peninsula; on the
other hand, many Africans were brought to it by the force of slavery for
four centuries. Unlike that, the South Region had not had an important
role in the influx of African slaves. Moreover, in the XX century many
Europeans (mainly Italians and Germans) immigrants settled there
impelled by The Great Wars.

Table 2
DRB1*15:01, DQA1*01:02 and DQB1*06:02 alleles within the families.

Course DRB1*15:01 DQA1*01:02 DQB1*06:02

First-degree Family 1 Sister RRMS + + +
Sister RRMS + + -

Family 2 Brother RRMS − − −
Family 3 Sister PPMS + + +

Sister PPMS + + +
Family 4 Sister RRMS − − +

Sister RRMS − − +
Family 5 Sister RRMS + + +

Sister RRMS + + +
Family 6 Sister SPMS − + −

Brother RRMS − − −
Family 7 Brother RRMS + + +
Family 8 Mother PPMS − − −
Family 9 Mother SPMS − + +

Daughter RRMS − + +
Family 10 Brother RRMS + − +

Multiplex Family 11 Sister PPMS + + +
Sister PPMS + + +
Sister RRMS + + +

Second/third-degrees Family 12 Cousina RRMS + + +
Cousina RRMS + + +

Family 13 Cousina SPMS − − −
Cousinb SPMS − − −

Family 14 Niece RRMS − + +
Family 15 Niece RRMS − + +

PPMS: primary progressive multiple sclerosis. RRMS: relapsing-remitting multiple sclerosis. SPMS: secondary progressive multiple sclerosis.
a Female.
b Male.
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Hereupon, the major studies on HLA class II alleles and MS per-
formed for Southeast Region had attributed risk of MS to one or more
alleles belonging to either of these HLA regions: DRB1, DQB1 and
DQA1.

Alves-Leon et al. (2007) found that DRB1*15:01 conferred risk for
MS in Whites, whereas DQB1*06:02 was implied in risk for African
Brazilians. Noteworthy, DQA1*02:01 was associated to risk of MS in
African Brazilians, in spite of this allele be significantly more frequent
in healthy White individuals. Brum et al. (2007) not only confirmed the
DRB1*15:01 association to MS in White individuals, but also proved
susceptibility to MS in African Brazilians (Mulattos) carrying
DRB1*15:03. Similarly, we have observed a high frequency of
DRB1*15:01 in our predominantly White sample. Indeed, the African
Brazilians genotyped here had the DQB1*06:02 allele and were
DRB1*15:01 negative. Additionally, it is worth mentioning that our
tested sample had a lower proportion of African Brazilians compared
with that observed for sporadic MS (4.5% vs. 31%) (Papais-Alvarenga
et al., 2015). The significant association of foreign ancestor background
and HLA-DR15 carrier status we have observed point towards the
European genetic pattern inherited by the probands.

In a more recent analysis, many other alleles were associated to MS
susceptibility: DRB1*11:01/13:02/13:03/15:01, DQA1*05:01/3/5,
DQB1*03:01/06:02/06:04. (Alvarenga et al., 2017). However those
results were not stratified according to ethnicity.

In contrast, in South Region only the DQB1*02:03 was significantly
associated with MS after Bonferroni correction of probability con-
sidering the number of analyzed alleles (Werneck et al., 2016). No
DRB1 or other DQB1 alleles were found in significant greater fre-
quencies among MS patients.

Few studies with familial forms have investigated HLA-DR15 in-
fluence on clinical and demographic characteristics. The Multiple
Sclerosis Genetics Group showed no significant association of HLA-
DR15 with age of onset (The Multiple Sclerosis Genetics Group et al.,
2002). Oturai et al. (2004) reported early age of onset associated with
HLA-DR15. On the other hand, we had demonstrated that HLA-DR15
carriers exhibited later age of onset. This finding agrees with an in-
creased frequency of primary progressive course among those cases.
Interestingly, other Brazilian study had previously shown association of
sporadic PPMS with DRB1*15:01 and DQB1*06:02 irrespective of eth-
nicity (Vasconcelos et al., 2009).

Data about disease severity are likewise scarce. A study from Canary
Islands shows that MS familial forms had more benign course compared

to MS sporadic cases (Amela-Peris et al., 2004). The analysis was not
stratified according to HLA-DR15 status - although more than half of the
familial forms had the HLA-DRB1*1501 allele. There was no statistical
discrepancy between HLA-DR15 carriers and non-carriers regarding
MSSS in our sample. Our results agree with those found by The Multiple
Sclerosis Genetics Group regardless of the fact that they used EDSS
(Expanded Disability Status Scale) categories for measuring disease
severity (The Multiple Sclerosis Genetics Group et al., 2002).

Regarding gender, HLA-DRB1*15:01 was previously associated with
risk to MS and this risk was restricted to females. This was found in
studies involving Spanish and Brazilian populations (Irizar et al., 2011;
Paradela et al., 2015). In our study, the female-to-male ratio was higher
among HLA-DR15 positive patients compared to HLA-DR15 negatives,
although the difference was not statistically significant. This could re-
flect the HLA-DRB1*1501 influence, since this allele was frequently
present together with DQA1*01:02 and DQB1*06:02 in our sample of
MSf patients.

Interestingly, none of our intergenerational cases had the HLA-DR15
haplotype. However, Chao et al. have indicated that HLA-DBR1*1501
confers a greater risk among intergenerational second-degree pairs
compared to collinear (siblings) pairs (Chao et al., 2008).

Even in our familial cases, the strongest genetic risk factor – the
HLA-DR15 alleles - could not be traced in half of the genotyped cases.
While influence of genetics on MS is supported by high recurrence risks
among relatives, the trait does not result from a mendelian pattern, nor
depends on few alleles with large effects. The role of polymorphic
variants outside the HLA regions and polygenic interactions of modest
effects have become evident in genome-wide association studies
(International Multiple Sclerosis Genetics Consortium et al., 2007;
Sawcer et al., 2011). Their findings have partially elucidated the re-
currence risks found in HLA-DR15 negative patients.

Finally, although, our statistical results are affected by our restricted
sample size, our sample is very representative of thoroughly registered
population of hundreds of MS cases.

5. Conclusions

We have investigated HLA-DR15 influence on MS familial forms
among Brazilians from Rio de Janeiro State. In our study, HLA-DR15
was strongly associated to MS familial cases compared to healthy
controls. Also, HLA-DR15 positive patients had later age of onset of the
disease and reported more often as having a foreign (Caucasian

Table 3
Comparisons between groups defined by HLA-DR15 status.

(N) HLA-DR15 positive HLA-DR15 negative P value for comparisons

Sex (25) Female 10 10 .341a

Male 1 4
Ethnicity (22) Afro 0 2 .487a

White 11 12
Foreign ancestor (13) Positive 6 1 .029a

Negative 1 5
Kinship groups (22) First-degree 6 10 .135a

Multiplex 3 0
Second/third-degrees 2 4

Generations (22) Intergenerational 0 5 .046a

Collinear 11 9
Clinical course (22) RRMS 7 9 .084a

SPMS 0 4
PPMS 4 1

Age of onset - years (22) 29.76 ± 10.34⁎ 35.27 ± 10.34⁎ 25.43 ± 8.32⁎ .017b

MSSS (22) 2.44 (0.11–9.95)† 2.64 (0.11–8.98)† 2.44 (0.24–9.95)† .848b

In bold: Statistically significant results.
a Two-sided probability values calculated after Fisher's Exact Test.
b Two-tailed probability values calculated after Mann-Whitney Test.
⁎ Mean ± standard deviation.
† Median (minimum - maximum).
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European) ancestor. There was a tendency for PPMS course among
HLA-DR15 positive patients.
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Table 4
(A) DRB1, (B) DQB1 and (C) DQA1 allele frequencies for MSf and controls.

Allele MSf Controls P valueb

N=25a N=116a

A - Frequencies of HLA-DRB1 alleles for patients and controls.
*01:01 2 (0.040) 9 (0.039) 1.000
*01:02 0 4 (0.017) .345
*01:03 0 8 (0.034) .163
*03:01 4 (0.080) 13 (0.056) .211
*03:02 0 4 (0.017) .345
*03:05 1 (0.020) 4 (0.017) .429
*03:08 0 3 (0.013) 1.000
*03:11 0 3 (0.013) 1.000
*04:01 0 2 (0.009) 1.000
*04:02 1 (0.020) 3 (0.013) .546
*04:03 1 (0.020) 3 (0.013) .546
*04:04 0 1 (0.004) 1.000
*04:05 1 (0.020) 3 (0.013) .546
*04:06 0 1 (0.004) 1.000
*04:07 0 3 (0.013) 1.000
*04:08 0 1 (0.004) 1.000
*04:09 0 3 (0.013) 1.000
*04:10 0 4 (0.017) 1.000
*04:11 0 7 (0.030) .353
*07:01 3 (0.060) 9 (0.039) .446
*08:01 1 (0.020) 8 (0.034) 1.000
*08:03 0 5 (0.022) .586
*08:04 0 1 (0.004) 1.000
*08:07 0 3 (0.013) 1.000
*09:01 0 2 (0.009) 1.000
*10:01 0 1 (0.004) 1.000
*11:01 7 (0.140) 9 (0.039) .009
*11:02 0 9 (0.039) .361
*11:03 0 2 (0.009) 1.000
*11:04 3 (0.060) 1 (0.004) .018
*12:01 1 (0.020) 2 (0.009) .446
*12:02 0 2 (0.009) 1.000
*13:01 1 (0.020) 10 (0.043) .689
*13:02 0 3 (0.013) 1.000
*13:03 4 (0.080) 8 (0.034) .226
*13:06 0 3 (0.013) 1.000
*13:09 0 2 (0.009) 1.000
*14:01 0 2 (0.009) 1.000
*14:02 0 4 (0.017) 1.000
*14:05 0 1 (0.004) 1.000
*14:06 0 2 (0.009) 1.000
*15:01 13 (0.260) 13 (0.056) < .0001
*15:02 0 12 (0.052) .125
*15:03 0 10 (0.043) .209
*16:01 0 6 (0.026) .591
*16:02 2 (0.040) 13 (0.056) 1.000
*16:03 1 (0.020) 10 (0.043) .689

B – Frequencies of HLA-DQB1 alleles for patients and controls
*02:01 7 (0.140) 33 (0.142) .964
*02:02 3 (0.60) 0 .005
*02:03 0 4 (0.017) 1.000
*03:01 4 (0.080) 16 (0.069) .756
*03:02 6 (0.120) 17 (0.073) .246
*03:03 0 8 (0.034) .351
*03:04 0 6 (0.026) .591
*03:05 0 1 (0.004) 1.000
*03:07 0 2 (0.009) 1.000
*04:01 3 (0.060) 14 (0.060) 1.000
*04:02 0 5 (0.022) .586
*05:01 3 (0.060) 33 (0.142) .087
*05:02 0 9 (0.039) .361
*05:03 2 (0.040) 16 (0.069) .741
*05:04 0 3 (0.013) 1.000
*06:01 0 6 (0.026) .591
*06:02 18 (0.360) 19 (0.082) < .0001
*06:03 2 (0.040) 13 (0.056) 1.000
*06:04 0 4 (0.017) 1.000
*06:05 0 3 (0.013) 1.000
*06:06 0 4 (0.017) 1.000
*06:07 1 (0.020) 5 (0.022) 1.000
*06:08 0 9 (0.039) .361

Table 4 (continued)

Allele MSf Controls P valueb

N=25a N=116a

*06:09 0 0 –
*06:10 0 0 –
*06:11 0 2 (0.009) 1.000

C – Frequencies of HLA-DQA1 alleles for patients and controls.
*01:01 4 (0.080) 27 (0.116) .426
*01:02 17 (0.340) 39 (0.168) .001
*01:03 0 19 (0.082) .025
*01:04 2 (0.040) 11 (0.047) 1.000
*02:01 7 (0.140) 38 (0.164) .643
*03:01 4 (0.080) 36 (0.155) .130
*04:01 3 (0.060) 14 (0.060) 1.000
*05:01 8 (0.160) 33 (0.142) .723
*05:02 2 (0.040) 14 (0.060) .737
*05:05 3 (0.060) 0 .005
*06:01 0 1 (0.004) 1.000
*06:02 1 (0.020) 0 .177

MSf: multiple sclerosis familial forms.
In bold: results statistically significant after Bonferroni correction.

a Allelic frequency.
b Two-tailed probability values calculated after Chi-square Test or Fisher's

Exact Test.

Table 5
Frequencies of the alleles HLA-DRB1*15:01, DQA1*01:02, DQB1*06:02 for
chromosomes (2N): data from Latin American studies for MS patients and
controls.

Study Patients DRB1* DQA1* DQB1*

Population (N) 15:01a (n) 01:02a (n) 06:02a (n)

Alvarado-de la
Barrera et al.
(2000)

MSf 9 0.222 (4) 0.111 (2) 0.111 (2)
Sporadic MS 8 0.250 (4) 0.250 (4) 0.250 (4)

Mexican Mestizos Controls 99 0.045 (9) 0.085 (17) 0.075 (15)
Alaez et al.

(2005)
Sporadic MS 51 0.029 (3) 0.049 (5) 0.049 (5)
Controls 173 0.046 (16) 0.090 (31) 0.058 (20)

Mexican Mestizos
Rojas et al.

(2010)
Sporadic MS 65 0.062 – –
Controls 184 0.033 – –

Paisa
Communityb

Werneck et al.
(2016)

Sporadic MS 86 0.140 (24) – –
Controls 606 0.081 (98) – –

Admixed; mainly
White
Brazilians

Sporadic MS 85 – – 0.171 (29)
Controls 220 – – 0.125 (55)

Our sample MSf 22 0.295 (13) 0.386 (17) 0.409 (18)
Admixed; mainly

White
Brazilians

Controls 116 0.056 (13) 0.168 (39) 0.082 (19)

N: number of individuals. MSf: multiple sclerosis familial forms. n: number of
alleles.

a Allele frequencies.
b A distinct population residing in Medellin (Antioquia, Colombia) geneti-

cally characterized as a Caucasoid group (Bravo et al., 1996).
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