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Abstract
Background: Multiple sclerosis is an immune-mediated disease which has been associated to a great variety of
mechanisms that could influence its pathogenesis. Numerous reports in the medical literature suggest that Helicobacter pylori may be a mediator of the disease. However, it is unknown if there is any clear association between MS and
HP.
Results: We studied 144 persons with multiple sclerosis prospectively enrolled in our hematopoietic stem cell
transplantation program. In 144 persons, 14% patients were positive for IgG-HP whereas 86% were negative, 8.3%
pwMS were IgM-HP positive while 91.6% pwMS were negative, 18% patients were positive and 82% negative for IgAHP. Significantly lower concentrations of anti-HP IgG were found in RRMS in comparison with SPMS (− 28.5, 95% CI
4.3–52.7). While concentrations of anti-HP IgA were significantly lower in SPMS in comparison with RRMS (0.54, 95% CI
0.1–0.9). In a multivariate analysis, positivity rate of anti-HP IgG was found to be higher in SPMS patients (OR 4.7, 95%
CI 1.1–19.6).
Conclusions: There was a negative correlation between the presence of anti-HP antibodies and MS. Further larger
studies with specific laboratory testing methods are needed to discard or confirm the potential role of anti-HP anti‑
bodies as protective for MS.
Keywords: MS, Helicobacter pylori, Seroprevalence, Epidemiology
Background
Multiple sclerosis (MS) is a chronic neurological inflammatory disease, associated to immune-mediated injury,
destruction of the central nervous system myelin and
variable axonal injury [1]. Since it is an immune mediate disease has been associated to multiple mechanisms
which could influence in its onset and clinical presentation [1, 2].
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Helicobacter pylori (HP) is a Gram-negative bacteria that colonizes the gastric mucosa of more than half
worldwide population, and is implicated in a large variety
of disorders of the upper gastrointestinal tract and alterations related to host colonization [2].
There are some reports and evidence that relate HP to
extra gastrointestinal diseases, specifically brain diseases,
such as stroke, migraine, Alzheimer’s disease and MS
[3–5]. The latter represents the most common cause of
non-traumatic disability that affects young adults, and its
prevalence and incidence is increasing in developing and
developed countries [6–9]. Taking together, those two
widely different conditions may share an association in
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the development or progression of the disease. Although
some studies have reported a possible negative correlation suggesting that a high previous exposure to HP may
be a protective effect associated with a reduction in the
incidence of MS, some other studies have failed in the
pursuit of this association [6–15].
In this cross-sectional study we aimed to assess the
previous exposure status to HP through immunological
screening in persons with MS (pwMS), to correlate the
seroprevalence of HP to the clinical outcome of the disease in MS patients who underwent hematopoietic stem
cell transplantation (HSCT).
To test the impact of whether HP exposure is related to
the progression or response of MS in a cohort of patients
undergoing HSCT.

Methods
Design

This work employed a convenience sampling of MS
patients who were included within our HSCT program,
from January 2018 to December 2019. The study was
approved by the Ethics Committee and informed consent
was obtained from all the patients.
Patients

All patients were diagnosed with MS according to revised
McDonald [16] criteria. Patients were subjected to a
physical evaluation by the same trained neurologist that
included the scoring of the Expanded Disability Status
Scale (EDSS) and an in-depth neurological consultation to obtain all relevant clinical data [17]. Patients with
three different phenotypes of MS: relapsing–remitting
(RRMS) and primary progressive (PPMS) and secondary
progressive (SPMS) were included. Other inclusion criteria were: Karnofsky performance status above 70%, EDSS
score of 8 or below, and discontinuation of disease modifying therapy 3 months before the assessment [18].
Ethics and consent to participate

The study was approved by the Ethics Committee (Conbioetica 21CEI00120130605, Registry No. 13 CEI 21
114 126). The study was conducted in accordance with
Helsinki Declaration as revised in 2013, and written
informed consent was obtained from the participants of
the study after being fully informed about the procedure
and possible complications.
Immunological screening of HP

For the identification of antibodies (IgG, IgM and IgA)
against HP, a colorimetric immunoenzymatic method
was used for each immunoglobulin isotype. We used
a bacterial lysate of the HP strain ATCC43504 (ATTC
Corp, VA, USA), the antigen was fixed at the bottom of

Page 2 of 8

each microtiter. In case of the samples to be positive,
the specific antibody binds to the corresponding antigen. After washing the unbound proteins, a peroxidase
conjugate of anti-human IgG, IgM or IgA antibodies is
added to each well, correspondingly. The unbound conjugate was removed by a second wash to subsequently
add a solution of 3,3′,5,5′-tetramethylbenzidine with an
enzymatic substrate to track the specific binding of the
color antibodies in case of positive samples, the color
was measured by spectrophotometry at a wavelength of
450 nm. The antibody concentration was directly proportional to the intensity of the color displayed.
Statistical analysis

The data is displayed in frequency and percentages (%) for
qualitative variables, quantitative variables are expressed
in median and standard deviation (SD). The summary of
data employed Mann–Whitney U test and chi-square for
quantitative and qualitative data, respectively. One-way
ANOVA was performed to detect significant differences
among antibody concentrations in the three phenotypes
of MS and to correct for multiple comparisons the singlestep Bonferroni correction was employed [19]. To study
the association of anti-H. pylori antibodies concentration and features of patients with MS, a linear regression model was employed for age and length of disease as
long-term therapy may alter cellular and humoral immunity [20], while EDSS was studied with an ordinal linear regression. Both models used sex, phenotype of MS
and history of disease modifying therapy (DMT), since
there is evidence that use of DMT could impair humoral
immunity [21, 22]. Regression coefficients and their
95% confidence intervals were calculated and reported
accordingly. Phenotypes of MS were studied with logistic regression using RRMS as base outcome and age, sex,
length of disease and previous history of DMT as covariates. Statistical procedures and analyses were completed
with Prism 7 (GraphPad Software, San Diego, CA) and
Stata 14 (Stata Corp, College Station, TX). For all the
analyses a two-sided p value < 0.05 was set to establish
statistical significance.

Results
Sample features

Between 2019 and 2020, a total of 144 pwMS enrolled in
our HSCT program were assessed. The majority of the
sample were female (65%), with a median age of 45 years
(SD 10.6), and a mean EDSS of 4.3 (SD 1.97). The most
frequent MS phenotype was RRMS (64%), followed by
PPMS (20%), and SPMS (16%). The median age of onset
of MS was 35 years old (SD 10.6) and a median duration
of the disease from 9 years (SD 7.8). From the total number of patients, 67% reported a previous MS treatment
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with some disease modifier drug 3 months before their
arrival at our center (glatiramer acetate, natalizumab,
dimethyl fumarate, teriflunomide, ocrelizumab, fingolimod, cladribine, etc.). The main features of the patients
are displayed in Table 1.
HP screening results

From all the sample, 21 (14%) patients were positive for IgG-HP (3 PPMS, 6 SPMS, 12 RRMS) and 123
(86%) (26 PPMS, 18 SPMS, 79 RRMS) were negative.
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Moreover, nine (6.3%) pwMS were IgM-HP positive (1
PPMS, 0 SPMs, 11 RRMS), while 132 pwMS were negative (28 PPMS, 24 SPMS, 92 RRMS). 26 patients (18%)
were positive and 118 (82%) were negative for IgA-HP
(5 PPMS, 6 SPMS, 15 RRMS). There were no significant
differences in proportions between the groups and positivity rate and anti-HP IgA, anti-HP IgM and anti-HP
IgG. However, in the multivariate analysis SPMS presented a higher likelihood of presenting positive antiHP IgG (OR 4.7, 95% CI 1.1–19.6), see Table 2.

Table 1 Demographic and clinical features in pwMS involved in the study
PPMS (n = 29)

SPMS (n = 24)

RRMS (n = 91)

GENERAL (n = 144)

p value

Sex (%)
Female

13 (44)

19 (79)

59 (64)

91 (63)

Male

16 (66)

5 (21)

32 (36)

53 (27)

0.03

Age (SD)

47.6 (9.6)

50.6 (8.7)

42.3 (9.7)

44.8 (10.6)

Weight (SD)

80 (19.6)

72 (14.5%)

73.4 (14.7)

74.5 (15.9)

< 0.0001
0.1

Height (SD)

1.7 (0.09)

1.69 (0.09)

1.68 (0.1)

1.69 (0.1)

0.0888

BMI (SD)

26.5 (6)

25.2 (4.8)

25.84 (4.9)

25.87 (5.1)

EDSS (SD)

4.9 (1.9)

5.9 (1.3)

3.6 (1.8)

4.3 (1.97)

0.6629

Length of disease(SD)

7 (6.6)

15 (7.6)

8.4 (7.7)

9.2 (7.9)

0.0003
0.2929

< 0.0001

Previous DMT (%)
Yes

16 (66)

17 (70)

64 (70)

97 (67)

No

13 (44)

7 (30)

27 (30)

47 (33)

Table 2 Analysis of association between, results of IgA, IgM and IgG anti-HP antibodies with MS phenotype
IgG positive

Type of MS

Univariate
OR

95% CI

OR

95% CI

RRMS (base)

–

–

–

–

PPMS

0.75

0.19–2.9

1.08

0.25–4.6

SPMS

2.1

0.72–6.6

4.7

1.1–19.6

IgM positive

Type of MS

Univariate

Multivariate

OR

95% CI

OR

95% CI

RRMS (base)

–

–

–

–

PPMS

0.25

0.03–2.1

0.39

0.04–3.3

SPMS

–

–

–

–

IgA positive

Type of MS

Multivariate

Univariate

Multivariate

OR

95% CI

OR

95% CI

RRMS (base)

–

–

–

–

PPMS

1.0

0.34–3.2

1.0

0.33–3.3

SPMS

1.6

0.57–4.9

2.02

0.57–7.1

Age, sex, length of disease and previous history of immunomodulatory agents were used as covariates for the multivariate analysis
RRMS relapsing–remitting multiple sclerosis; PPMS primary-progressive multiple sclerosis; SPMS: secondary progressive multiple sclerosis; OR odds ratio; 95% CI 95%
confidence interval
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Differences of antibodies concentrations among the MS
phenotypes

The concentration of anti-HP IgG showed a significant
difference among group (p 0.03) The Bonferroni correction post-hoc test revealed that IgG concentration was
significantly lower in RRMS in comparison with SPMS.
(− 28.5, 95% CI 4.3–52.7). Concentration of IgA was significantly different among the phenotypes (p 0.04) the
post-hoc analysis showed that concentration of anti-HP
IgA was significantly lower in SPMS group in comparison
with the RRMS group (− 0.54, 95% CI 0.1–0.9), see Fig. 1.
There were no significant differences in anti-HP IgM
concentrations among the groups. The regression analyses did not find significant associations between anti-HP
IgA, anti-HP IgM and anti-HP IgG with age, length of
disease nor EDSS (Table 3).

Discussion
There is some scientific controversial evidence in support
or against the role of HP as a potential trigger of a great
variety of autoimmune diseases, including various neurological disorders of the central nervous system, such as
MS [23].
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Autoimmune diseases result from environmental
exposures to bacteria, viruses and parasites in addition to genetic susceptibility [23–25]. There are several
mechanisms triggered by infectious agents involved in
the development of autoimmune diseases: T-regulatory
imbalance, molecular mimicry, bystander effect, high
levels of proinflammatory cytokines, epitope spreading, direct inflammatory damage, microbial super antigens, MHC class II expression on non-immune cells and
immune complex formation [23, 26–28].
HP presents itself as a prevalent microbe, according to
the medical literature it is present in 50–80% of the population worldwide being clinically implicated in gastritis,
peptic ulcers, and appears as an independent risk factor
for gastric carcinoma [29, 30]. Although many studies
point out the fact that persistent HP infection represents
a chronic inflammatory stimulus and could be a potential cause of the MS pathogenesis [29, 31, 32]. Despite the
scientific evidence shown so far, the relationship between
these two entities has not been clear.
In general population, HP seroprevalence determined
by IgG anti-HP titles ranges between 30 and 50% in high
income countries (HIC) and between 85 and 95% in
low- and middle-income countries (LMIC) [33, 34], The

Fig. 1 Comparison of IgA, IgG and IgM titers by type of multiple sclerosis. After multiple comparison correction, a significant difference was
observed in anti-HP IgA concentration between RRMS and SPMS (− 0.54 UR/ml, 95% CI 0.002–1.09). RR/ml relative units per milliliter; RRMS
relapsing–remitting multiple sclerosis; PPMS primary-progressive multiple sclerosis; SPMS secondary-progressive multiple sclerosis
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Table 3 Regression analysis between concentration of IgA, IgM and IgG anti-HP antibodies with EDSS, age and length of disease
IgG (RU/ml)

Univariate
Coef

EDSSa
Age
Length of disease
IgM (RU/ml)

− 0.04

− 0.4
0.1

Univariate
Coef

EDSSa
Age
Length of disease
IgA (RU/ml)

EDSSa
Age
Length of disease

− 0.1

− 0.07

Multivariate
95% CI
− 0.1 to 0.09

− 1.3 to 0.4

Coef
− 0.1

− 0.81

95% CI
− 0.3 to 0.01

− 1.7 to 0.1

− 0.9 to 1.3

− 0.3

− 1.2 to 1.1

95% CI

Coef

95% CI

− 0.2 to 0.1

− 0.1 to -0.005

Multivariate

− 0.1

− 0.06

− 0.2 to 0.06

− 0.1 to 0.01

− 0.02

− 0.1 to 0.06

− 0.01

− 0.1 to 0.08

Coef

95% CI

Coef

95% CI

Univariate

0.04
− 0.0004
0.001

− 0.1 to 0.1

− 0.01 to 0.01

− 0.01 to 0.02

Multivariate

− 0.04

− 0.006

− 0.001

− 0.2 to 0.1

− 0.02 to 0.01

− 0.02 to 0.02

Phenotype of multiple sclerosis, sex, and previous history of immunomodulatory agents were used as covariates for the multivariate analysis
RU/ml Relative units per milliliter; EDSS Expanded disability status scale; Coef Regression coefficient; 95% CI 95% confidence interval
a

EDSS was considered as an ordinal variable and ordinal linear regression was conducted for this case

findings of the present study showed a low prevalence
of IgG (14%), IgM (8.3%) and IgA (18%) HP antibodies
in pwMS, these data differ from the worldwide prevalence and with a study by Long et al. [27] in which they
report the presence of HP antibodies in 73% of the pwMS
analyzed.
There are some other reports in which they found significative association between HP and MS, as seen in a
study by Mohebi et al. [35]. They analyzed blood samples for IgG and IgM anti HP antibodies, but there was
no significant difference in seropositivity with respect to
age nor sex. In spite of these findings, they report a significant difference in EDSS value between seropositivity
and seronegativity, concluding that HP infection could
have a protective influence on MS pathogenesis [35]. This
observation could be supported by our findings, since the
prevalence of anti-HP antibodies in the cohort is substantially lower than that of the general population. Positive serology for anti-HP antibodies is higher in LMIC: In
México, the prevalence of IgG anti-HP is 66–80%, figures
that are higher than those found in this study, where most
patients live in HIC [36]. Since the prevalence of MS is
substantially higher in HIC as compared to LMIC [37],
we could speculate that exposure to HP could be one of
the possible explanations to this difference.
Since IgG against HP is the more used and accurate
marker of previous exposure and none of the patients
had significative titles of IgM and IgA nor clinical

manifestations of HP infection at the moment of the
study which indicates active infection, we decided to
analyze IgG titles to compare seroprevalence of HP
with the main demographic and clinical features in
pwMS [34]. In contrast with the observations reported
in the study by Mohebi et al. [35], we found significantly higher concentration of anti-HP IgG in SPMS
in comparison with RRMS; however, we did not find
significant association between seropositivity nor concentration of IgG against HP among inflammatory phenotype of MS, age, length of disease nor EDSS (Tables 2
and 3).
A meta-analysis performed by Yao et al. [3] addressed
9 prospective articles that included 1553 cases of MS,
all these articles were case–control studies in which different diagnostic methods were employed to detect HP
infection (ELISA, Western Blot, immunofluorescence
and latex agglutination). They reported a lower prevalence of HP infection of almost 25% in patients with MS
with no significant differences among the HP identification methods employed. The prevalence found by Yao
et al. [3] is considerably higher to the observed prevalence reported in our study. The study reports important limitations such as the difficulty to distinguish
previous and active infection employing serological
tests and the lack of subgroup analysis of gender, MS
phenotype and length of the disease [3]. This metanalysis concluded that HP infection and MS may have a
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negative correlation, but also suggests the existence of a
potential protective factor against MS [3].
Some reports found a negative correlation on the laboratory method employed to the IgG anti HP detection [3],
although other studies suggest high relevance on several
specific IgG HP antigens which are important on the loss
of immunological tolerance to myelin antigens particularly heat shock proteins (hsp), such as hsp60 and hsp70
[11]. In an Egyptian study Gerges et al. [11] reported a
high correlation between anti HP hsp60 IgG level and
SPMS and propose anti HP hsp60 IgG as a biomarker for
progression of MS, being correlated to age and length of
the disease in a moderate level and with EDSS in a strong
level, moreover, low levels of HP infection in western
countries.
However, these specific IgG antibodies have been
poorly studied, partly because of the limited access and
availability of these particular laboratory method in certain regions of the globe, being an issue that may represent a great disparity among studies which have tried to
demonstrate a positive correlation with MS [11].
There are other recent studies that could support our
results, such is the case of the study performed by Ranjbar et al. [38] in which authors determined the seroprevalence of HP in 387 pwMS vs 420 healthy subjects,
which represents a larger patient cohort compared to
other reports. The authors found a significantly lower
seropositivity in pwMS than the healthy individuals, a
lower EDSS in HP seropositive pwMS compared with
seronegative pwMS, proinflammatory cytokines (IFN-y,

Fig. 2 Geographic distribution of participants of the study
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TNF-a, IL-6, IL-7) significantly lower as compared to
seronegative patients and increased levels of IL-4 and
IL-10 compared to seronegative patients, concluding that
HP infection has a negative correlation in MS and may
act as a protective agent in MS [38]. The exact pathogenic
mechanism remains unclear, although these findings
could suggest that a poor HP exposition in persons predisposed to develop MS could trigger the onset and the
clinical length of the disease.
Regarding the geographical location, we stratified
the population according to the country of origin of all
the pwMS detecting that the majority of them (99.3%)
belongs to Western countries. This scenario made it
impossible to perform a comparison between the eastern and western regions to contrast what was established
in the current scientific literature. However, our data are
consistent with the low prevalence in pwSM specially in
Western countries reported in other studies and could
support the hypothesis in which HP plays a role as a protective effect reducing the risk of MS [3, 38] (Fig. 2).
This study showed some limitations related to the
heterogeneity of the sample: Since MS is a disease
with higher latitudinal prevalence [39], all the patients
included in the study and treated at our center were from
different regions of the globe, in addition to these differences they coursed with aggressive and rapidly progressive forms of the disease. This scenario made it difficult to
create a control group with homogeneous characteristics
as compared with other studies in which authors analyzed pwMS from a single population. However, patients
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were studied, analyzed, and compared with the current
scientific data.

Received: 10 March 2021 Accepted: 19 November 2021

Conclusions
In spite of the poor association among IgG anti HP antibodies and gender, age, weight, height, BMI, EDSS and
length of the disease in pwMS that here we report, there
is still controversial data in support or against this correlation. Beside this, it is important to remark that further studies with specific laboratory testing methods and
larger cohorts of patients are needed to discard or confirm the potential role of the previous exposure to HP
and the presence of anti-HP hsp60 IgG as a clinical biomarker in the pathogenesis of MS and if there is a geographical influence on the presence of this agent.
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