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Abstract The aim of the present study was to determine
the prevalence of human leukocyte antigen HLA-B27 in
Moroccan healthy controls and in patients with ankylosing
spondylitis (AS), and to analyze the correlation between
HLA-B27 and AS in Moroccan patients. The prevalence
of HLA-B27 was determined by evaluating the number of
HLA-B27-positive samples in 128 healthy subjects and in
53 patients diagnosed with AS according to the ESSG and
AMOR criteria. HLA-B27 was determined by the polymer-
ase chain reaction using sequence-specific primers. Multi-
variate analysis of our data (HLA-B27, age, sex, and fam-
ily history) for AS and healthy controls was performed by
multiple correspondence analysis (MCA). The frequency of
HLA-B27 was significantly greater in AS patients (45.3 %)
than in healthy controls (4.7 %) [p < 0.0001, OR 16.8, and
CI 95 % (5.83-51.03)]. In addition, HLA-B27 was more
common in male patients than in female ones (p < 0.05).
100 % of the AS patients reported a family history of AS,
whereas only 20 % of the healthy controls reported a family
history of AS. The graphical interpretation of MCA showed
a significant relation between the presence of HLA-B27
and AS. This study strengthens the link between HLA-B27
and AS and represents a very valuable informative diagnos-
tic tool, especially in regard to male patients who have a
family history of AS.
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Introduction

Ankylosing spondylitis (AS) is a common chronic inflam-
matory rheumatic disease affecting sacroiliac joints, spine,
and peripheral arthritis and is a representative member of
the group of spondyloarthropathies (SpA) [1]. Geoepide-
miological studies of AS reveal a higher incidence of AS
in northern European populations compared to sub-Saharan
African ones [2, 3]. It affects young adults and men, with
a sex ratio of approximately 3:1 (M/F) [4]. Genetic and
environmental factors have been reported to play an impor-
tant role in terms of predisposition to the disease. In fact, a
strong genetic association with HLA-B27 has been shown
previously many times [5, 6], and it is one of the best exam-
ples of a disease association with a genetic marker [7]. To
the best of our knowledge, the exact mechanism of the role
of HLA-B27 in AS pathogenicity is still poorly understood.
Various hypotheses have been suggested to explain the
association of HLA-B27 with AS. The arthritogenic pep-
tide hypothesis states that certain T cell receptors can rec-
ognize a complex of foreign and unknown MHC self-pep-
tides when together [7]. The molecular mimicry hypothesis
suggests a cross-reactivity between antigens of associated
bacteria and the HLA-B27 molecule [8, 9], while a third
hypothesis is based on aberrant folding of HLA-B27 induc-
ing disorder of intracellular traffic of this molecule [10].
However, none of these hypotheses fully elucidates the
pathogenicity mechanism of HLA-B27 in AS.

The prevalence of HLA-B27 and its association with
AS varies markedly between racial and ethnic groups with
a clear decline in frequency from north to south across
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the world [11]. For example, in the Caucasian population,
HLA-B27 is found in approximately 90 % of patients with
AS [5, 6], as compared to 8 % in the general population,
but in Sub-Saharan Africa the prevalence of HLA-B27 is
rare in the general population, and it is present in only 6 %
of patients with AS [5, 6, 12]. Thus, the relative risk of sub-
jects carrying HLA-B27 has been shown to be >70, with an
odds ratio of about 100 [13]. Identification of HLA-B27 in
patients in which AS is suspected could be helpful for diag-
nosis and disease management [14, 15].

The Moroccan population has an interesting gene pool
inherited from different ethnic groups (Arabs, Sahrawi,
Berbers, and Caucasians), a situation which can be use-
ful to investigate the role of HLA-B27 in AS. The HLA-
B27 antigen prevalence in the Moroccan population was
reported to be 3.7 % [16], which is not significantly dif-
ferent from values reported in other Mediterranean, North
African, and Arabic countries: 4.7 % in Greek Cypriots
[17], 3—6 % in Tunisia [18, 19], and 3 % in the United Arab
Emirates (UAE) [20].

The purpose of this study was to investigate the preva-
lence of HLA-B27 in healthy controls and in patients with
AS in the Moroccan population. Additionally, we have ana-
lyzed the association between several variables (HLA-B27,
sex, age, and family history) and AS by using a categori-
cal data analysis technique, i.e., multiple correspondence
analysis (MCA).

Materials and methods
Study population

Fifty-three (53) informed, volunteering, and unrelated AS
patients of both genders (21 females and 32 males with
ages ranging between 16 and 59 years) were recruited from
the Department of Rheumatology, among the outpatient
clinics and Ibn Tofail University, Hospital of Marrakech,
Morocco. Diagnosis of AS was done in accordance with
AMOR and ESSG criteria [21, 22]. One hundred twenty-
eight (128) informed, volunteering, and healthy unrelated
blood donors (44 females and 84 males with ages rang-
ing between 17 and 56 years), without AS, and living in
the same geographic area of Morocco were included as
controls.

All subjects were asked to identify members of their
immediate family, their parents, their siblings, and their
children with any history of AS or AS symptoms.

The demographic characteristics of the AS patients and
of the healthy controls are given in Table 1.

The survey conducted in this study was approved by
an ethical committee, and consent was obtained from all
participants.
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Table 1 Demographic characteristics of AS patients and healthy con-
trols

Group n  Genderratio Age Family history
(M/F) (mean + SD) of AS
AS-confirmed 53 1.5 37.8+115 53
Healthy 128 1.9 30.7£94 26
controls

HLA-B27 typing

Genomic DNA was extracted from whole blood samples
using a commercial kit (GenElute™ Mammalian Genomic
DNA Purification Kit, Sigma-Aldrich). HLA-B27 was
typed using polymerase chain reaction-sequence-specific
primers designed by O. Olerup, 1994 [23]. This genotyping
was undertaken using the Bio-Rad S1000 Thermal Cycler
(California, USA). The assay was validated using samples
of a known genotype based on DNA sequencing.

Statistical analysis

The frequencies of HLA-B27 and statistical compari-
sons were determined by direct counting. Frequencies in
patients and controls were compared using the Chi-squared
test, and the level of significance was set at 0.05.

Multiple correspondence analysis was applied to explore
and describe the relationship between four variables: HLA-
B27 positivity (Ne = negative and Po = positive), age
(<45, 45-55, and >55), sex (female or male), and family
history of AS (parents, siblings, other, and without). MCA,
a technique for data analysis and an extension of corre-
spondence analysis (CA), allows for the identification of
the most important directions of variability in a multivari-
ate data matrix (Burt table), and the results are presented
in a low-dimensional map fashion. The distances between
the points in the dimensional space summarize all of the
information about the similarities between the variables;
thus, variables that are projected close to each other on the
graphical map are positively correlated. This multivariate
analysis transforms the variables into new axes, which are
orthogonal, and the number of axes to be retained for anal-
ysis is determined by calculating modified eigenvalues. The
associations between variables are revealed by calculating
the Chi-square distance between different categories of the
variables and between individuals [24].

In addition, this exploratory method was applied to ana-
lyze the data set (healthy controls and AS patients) as a first
step, and to explore separately AS patients as a second step.
The statistical analyses in this study were performed using
the commercial STATISTICA® software package for Win-
dows, version 8.0.
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Table 2 Comparison of HLA-B27 frequency, sex, and family history in AS patients and healthy controls
Group HLA-B27 positive n (%) P P Familial history of AS (%)
Male (%) Female (%)
AS-confirmed 24 (45.3) <0.0001 18 (56.3) 6 (28.6) <0.05 53 (100)
Healthy controls 6 (4.7) 2 (1.56) 4(3.12) 26 (20.3)
Results Table 3 Statistical results of MCA
Axe Singular Eigen % Total Cumula-  Chi square
A total of 181 subjects participated in this study, 128 value value variance tive vari-
healthy controls and 53 AS patients. The control group ance
was 66 % males and 34 % females (M/F = 1.9) with a 60185 0462652 2570288 257020 5430585
mean age of 30.7 &= 9.4 years. The patlen.t group was 60 %, 0490535 0240625 1336805 39.0700  282.4443
males and 40 % females M/F = 1.5).w1th a me.an.age. of 3 0452052 0204351  11.35284 504238 239.8664
33'18{1: Blzlf. ye:‘lrs' T:gle 2 summarizes g’e d‘liml?”“;’l“ 4 0448926 0201534 11,19636 61,6201  236,5602
E - li‘ tTehse : Pa“emsfcoH"]iljfr;z;o that in Fﬁe 5 0446930 0199746  11,09700 727171 2344610
ea; yh.coﬁmo_ S.AS ¢ r.equen;y o . was lsfgil; L6 0420637 0176936 982977 825469 2076864
cantly higher in AS patients than in heaithy Controls: 45.3 457970 162385  9,02139 91,5683  190,6067
and 4.7 %, respectively [p < 0.0001, OR 16.8 and CI 95 %
. 8 0,343195 0,117783 6,54347 98,1118  138,2526
(5.83-51.03)]. In the AS patient group, as expected, the
9 0,184360  0,033988 1,88825 100,0000 39,8955

frequency of HLA-B27 showed a significant increase in
the male group (56.3 %) compared to the female group
(28.6 %), (p < 0.05).

In addition, all AS patients reported at least one first-
degree relative (father or mother) with confirmed AS,
whereas only 20 % of the healthy controls reported a fam-
ily history of AS (parents, siblings, and others).

MCA

The first step of this analysis was the application of MCA
to the complete data set (AS patients and healthy con-
trols). The results of MCA revealed that the total inertia
in Burt’s table was equal to 1.800 with a significant differ-
ence between the first axis (25.70 %) and the second one
(13.36 %). We decided to retain only the first and the sec-
ond axes from the nine axes (Table 3).

The values of Chi-square presented in Table 3 showed
the existence of associations between variables. Indeed,
if the axes had been totally independent, as there are nine
dimensions in total, the first two axes would have shown an
inertia value of 22 % while 39.7 % was calculated.

These results are presented in Fig. 1. In fact, the profiles
of AS patients and healthy controls are quite different. AS
patients are characterized by the presence of HLA-B27,
with a family history of AS in first-degree relatives (father
or mother) and an age range between 45 and 55 years, and
the distances between these variables are quite shorter and
clustered on the positive side in the factorial design. On the
other hand, healthy controls clustered on the negative side
and are characterized by the absence of HLA-B27, an age

The eigenvalues Ai were obtained from the combination of variables
in a data set. The first eigenvalue is predominant. Its modified rate
(25.70 %) is nearly twice that of the second one (13.36 %); then, the
eigenvalues decreased slowly. Singular value & = v/Ai

% Total variance represents the total inertia (contributions of points to
the variance of an axis I % = Ai/XAi

Chi square (dependence between variables) introduced attractions,
repulsions, profiles = Ai*n where n states for the sample size

range <45 years, and these healthy controls were without a
family history of AS.

To improve the results and the characterization of the
interactions between chosen variables and AS, we per-
formed MCA on the AS patients. In this analysis, total iner-
tia was 1.200, with greater differences for the second and
the third axes compared to the first axis. The first three axes
explained 28.21, 22.58, and 21.77 % of the total inertia,
respectively. It was therefore decided to retain only the first
three axes to reduce the dimensions of the problem while
retaining a percentage value for inertia quite important
(72.58 %) for this analysis (data not shown).

Figures 2 and 3 show the location of variables in the
multivariate space of the first three axes (dimensions 1 and
2, dimensions 1 and 3). Both Figs. 2 and 3 are similar as
they revealed the presence of a conjunction between HLA-
B27-positive and the male sex, mother family history of
AS, and age <45 years. On the other hand, HLA-B27 nega-
tive was related to the female sex, father family history of
AS, and age ranging between 45 and 55 years.
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Fig. 1 Plot of first and second axes (Dim 1*2) for the classification
of AS patients and of healthy controls according to their variables.
Projection of the variables in principal plane 1*2: the first and the
second dimensions present, respectively, 25.70 and 13.37 % of the
total inertia. The sharps of the clouds suggest a repulsion between
two groups of variables. Group 1: Absence of HLA-B27 (HLA-B27:
Ne), absence of family history (family history: W), and age <45 seem
to characterize healthy controls in the factorial design (blue circle).
Group 2: On the opposite side, the AS patients were characterized by
the presence of HLA-B27 (HLA-B27: Po), one of the parents diag-
nosed with AS (family history: P), and age between 45 and 55 (red
circle). AS: ankylosing spondylitis/AS: healthy (healthy controls)/
AS: AS-confirmed (AS patients)/HLA-B27: Ne (HLA-B27 negative)/
HLA-B27: Po (HLA-B27 positive)/Family history: (parents family
history of AS)/S (sibling family history of AS)/O (other family his-
tory of AS)/W (without family history of AS)/Sex: F (female)/Sex: M
(male)
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Fig. 2 Plot of first and second axes (Dim 1*2) for the classification
of AS patients according to their variables. Projection of variables in
principal plane 1¥2: The first and second dimensions present, respec-
tively, 28.22 and 22.58 % of the total inertia. In this factorial design,
the AS patients with HLA-B27 were predominantly of the male sex
with a mother family history of AS and with an age <45 years (blue
circle). On the opposite side, the HLA-B27-negative AS patients were
predominantly of the female sex, with a father family history of AS
and with an age ranging between 45 and 55 years (red circle). Fam-
ily history: f (father family history of AS)/Family history: m (mother
family history of AS)
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Fig. 3 Plot of first and third axes (dim 1*3) for the classification of
AS patients according to their variables. Projection of variables in
principal plane 1*#3: the first and the third dimensions present, respec-
tively, 28.22 and 21.78 % of the total inertia. The interpretation of
this factorial design is like that of Fig. 2, but the distance between
variables in this graph plot seems to be smaller than that represented
in Fig. 2

Discussion

In this study, the patients were significantly more likely to
have a young age at onset of AS (74 % were 1645 years);
this result was in agreement with the literature [25]. We
also found that AS was more common in men than in
women with a ratio of 1.5, which is lower to those deter-
mined in other studies (such as in German and French
populations) [25] but comparable to those of Chinese and
Turkish populations [26, 27]. The male-to-female ratio
was 3 in HLA-B27-positive AS patients and 0.9 in HLA-
B27-negative AS patients; this finding was compatible with
previous studies [26].

Regarding family history of AS, we observed that all
patients reported a history of AS in their family, while only
20 % of the healthy controls reported a family history of
AS. This result supports a higher incidence of HLA-B27 in
families with a history of AS and argues in favor of a strong
involvement of genetic factors in the development of AS
[28, 29].

According to the results of the present study, the fre-
quency of HLA-B27 was 45.3 %, which is significantly
higher than that in healthy controls, which was 4.7 %
[p < 0.0001, OR 16.83, 95 % CI (5.83-51.03)]. This fre-
quency was lower than that reported in other studies: over
90 % in Caucasian patients [5, 6], 70 % in Turkish patients
[27], and 83.3 % in Korean patients [30]. Nevertheless,
the frequency observed in our study was similar to that
reported in Tunisian and African patients [31]. Recently, a
Moroccan study undertaken by a rheumatologic team from
Rabat and involving 46 AS patients has shown a frequency
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of 58.6 % [32]. This difference could be explained by the
ethnicity of the studied population. In fact, the population
of our cohort was higher in Sahrawi and Berbers, while the
population of the Rabat investigation was higher in Arabs
and Caucasians. This lower frequency in African countries
could suggest the involvement of genes not belonging to
the HLA system and of environmental factors specific to
these countries in the predisposition to AS. Furthermore,
the frequency of HLA-B27 in our healthy controls, 4.6 %,
was less than that reported in a Tunisian population 6 %
[19] and in other European populations (8 %) [13].

Despite the fact that prevalence of HLA-B27 in the AS
patients surveyed in our study was lower than those previ-
ously reported for other populations, it was however sig-
nificantly higher compared to that found in the healthy con-
trols, demonstrating that HLA-B27 is strongly associated
with AS in our country. Thus, typing of HLA-B27 could be
of significant value in the diagnosis of AS in cases where
the clinical picture is incomplete.

The MCA approach confirmed the findings of others
studies [25] and was an efficient tool for the characteriza-
tion of the AS patients. The patients with confirmed diag-
nosis of AS showed a high association with HLA-B27 and
were also more likely to have first-degree relatives with this
disease.

Additionally, patients with AS studied separately pro-
vided a correlation between HLA-B27, male sex, age
<45 years, and positive family history. In this regard, the
HLA-B27-positive patients were more likely to be male, to
have shown a younger disease onset, and report a maternal
AS diagnosis.

Finally, AS still remains a complex phenomenon result-
ing from the interaction of several genes and environmental
factors, including HLA-B27. Further studies are expected
to discover other genes that are responsible for AS, which
will facilitate diagnosis and screening of subjects at risk,
and they will also increase our understanding of the patho-
physiological mechanism of AS and, at the same time, lead
to a better understanding of the potential pathogenic role
of HLA-B27. All of these achievements will undoubtedly
favor the development of targeted therapies for this condi-
tion [33].

Conclusion

The MCA findings provided a significant association
between HLA-B27 and AS in our study, thus suggesting
that HLA-B27 could be a biomarker for this pathogenesis.
In this study, the AS and healthy control groups were rela-
tively well distinguished based on HLA-B27 and family
history of AS. The application of MCA to the AS patient
cohort indicated that the HLA-B27-positive cases were

predominantly males, with an earlier age of AS onset. It
should be noted that a family history of AS plays a major
role in susceptibility to the AS disease.

The next step should be the application of MCA to a
greater number of AS patients in order to explore other risk
factors which could predispose to and influence AS onset.
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