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ABSTRACT
Background: Mucosal immunity plays an important role in the pathogenesis of IgA nephropathy
(IgAN). This study aimed to investigate if infection of Helicobacter pylori (H. pylori), a common
bacteria in the gastrointestinal tract, associated with IgAN.
Methods: This study included 261 patients with IgAN and 46 healthy controls. Clinical informa-
tion and plasma samples were collected from patients and healthy controls. H. pylori infection
was confirmed by western blot. Plasma IgA1 and galactose-deficient IgA1 (Gd-IgA1) levels were
detected by specific enzyme-linked immunosorbent assay.
Results: Total H. pylori infection rates showed no statistical differences between IgAN patients
and healthy controls, but the infection rates of type I H. pylori in IgAN patients were significantly
higher than those in healthy controls (44.4 vs. 28.3%, p¼ 0.040). Compared with uninfected
patients, the systolic blood pressure, 24-h proteinuria, and blood urea nitrogen levels were sig-
nificantly higher in patients with H. pylori infection (126.0±15.5 vs. 119.6 ±14.5mmHg, p¼ 0.010;
1.8 ± 2.7 vs. 1.2 ± 1.4 g/24h, p¼ 0.013; 7.9 ± 5.4 vs. 6.7 ± 3.9lmol/L, p¼ 0.042), especially in
patients with type I infection (126.5±15.4 vs. 119.6 ± 14.5mmHg, p¼ 0.002; 1.9 ± 2.9 vs.
1.2 ± 1.4 g/24 h, p¼ 0.033; 8.1 ± 5.6 vs. 6.7 ± 3.9lmol/L, p¼ 0.041). Similarly, patients with IgAN
and type I H. pylori infection showed higher plasma Gd-IgA1 levels than uninfected patients
(5.5 ± 2.2 vs. 4.5 ± 2.2lg/mL, p¼ 0.037).
Conclusions: Virulent type I H. pylori infection is more common in patients with IgAN. Patients
with IgAN and type I H. pylori infection showed lower renal function and higher underglycosyla-
tion of plasma IgA1.
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Introduction

Immunoglobulin A nephropathy (IgAN), the most com-
mon cause of glomerulonephritis worldwide, is charac-
terized by the predominant or codominant deposition of
IgA in the glomerular mesangium [1]. Increasing eviden-
ces suggested that mucosal immunity played an import-
ant role in the pathogenesis of IgAN [2,3], and
Helicobacter pylori (H. pylori) infection might be the most
common factor [4,5]; however, the associations between
H. pylori infection and clinical manifestations of IgAN and
its possible mechanism have not been elucidated yet.

H. pylori, a gram-negative bacterium, colonizes the
human gastric mucus layer. Recently, considerable stud-
ies changed the paradigm that H. pylori only partici-
pates in the pathogenesis of chronic gastritis and

peptic ulcer disease, and demonstrated that several
extra-intestinal diseases, such as renal-related diseases,
were also caused by H. pylori [6–8]. The systemic anti-
body response to H. pylori was reported to be increased
in patients with IgAN [9], suggesting that H. pylori
might be involved in the pathogenesis and progression
of IgAN. Cytotoxin-associated gene A (CagA) and vacuo-
lating cytotoxin A (VacA) are the main virulence factors
of H. pylori [10]. CagA has been observed in the tonsils
of most H. pylori infected IgAN patients [11], and it was
reported to promote glomerular mesangial cell prolifer-
ation and extracellular matrix secretion via suppressing
the apoptotic signaling pathway [12]. VacA was found
to play some roles in vacuolation, apoptosis, antigen
presentation, and multiple cellular activities [13,14].
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However, the association of the virulent H. pylori strains
and IgAN clinical manifestations and possible mechan-
ism remained to be investigated.

In this study, we investigated the infection rates of
different H. pylori types, particularly virulent strains, and
the correlation between H. pylori infection and clinical
manifestations in patients with IgAN. Moreover, the lev-
els of plasma IgA1 and galactose-deficient IgA1 (Gd-
IgA1) in patients with different H. pylori type infection
were detected to explore the possible mechanism.

Materials and methods

Study population

A total of 261 patients with IgAN (mean age:
37.7±12.3 years, male ratio: 51.7%) were enrolled in this
study from Peking University First Hospital. Forty-six age-
and sex-matched healthy individuals (mean age:
38.0±12.2 years, male ratio: 47.8%) were recruited as
healthy controls. The patients with IgAN were diagnosed
by renal biopsy and confirmed by the deposition of IgA
in the glomerular mesangium using immunofluores-
cence and ultrastructural examination. Patients with sec-
ondary causes of IgAN, such as IgA vasculitis, systemic
lupus erythematosus, or liver cirrhosis were excluded.

Plasma samples were collected from patients (at
renal biopsy) and healthy controls and stored at �80 �C
for further use. Baseline demographic and clinical data
were collected at the time of renal biopsy, including
age, sex, systolic blood pressure (SBP), diastolic blood
pressure (DBP), gross/microscopic hematuria, serum
creatinine (Scr), serum IgA/IgG/IgM, serum complement
3 (C3), 24-h proteinuria, blood urea nitrogen (BUN),
treatment regimes, and histological characteristics.
Estimated glomerular filtration rate (eGFR) was calcu-
lated using the Chronic Kidney Disease Epidemiology
Collaboration equation [15]. Twenty-four hour creatin-
ine clearance (CrCl) was done by the Cockcroft–Gault
formula [16]. The histological characteristics were
scored according to the Oxford classification [17].

Detection of H. pylori infection

Serum H. pylori-IgG antibodies (CagA, VacA, UreA, and
UreB) were detected in all participants using the Typing
Detection Kit (Blot Biotech, Shenzhen, China), according
to the manufacturer’s protocol. Seropositivity for UreA
and/or UreB IgG confirmed H. pylori infection. Type I H.
pylori infection was diagnosed if seropositivity for CagA
and/or VacA IgG, otherwise, the type II H. pylori infec-
tion was diagnosed. The diagnosis of H. pylori infection
is summarized in Supplementary Table 1.

Detection of plasma IgA1 and galactose-
deficient IgA1

The levels of plasma IgA1 in patients with IgAN were
detected by enzyme-linked immunosorbent assay
(ELISA), according to a previously described protocol
[18]. Briefly, 96-well plates were coated with F(ab’)2
fragments of goat IgG anti-human IgA overnight at
4 �C, followed by blocking with 1% bovine serum albu-
min for 1 h at 37 �C. Next, plasma samples (1:80,000
dilution) and standard samples were added to the 96-
well plates and incubated for 1 h at 37 �C, followed by
treatment with horseradish peroxidase-conjugated
monoclonal anti-human IgA1 antibodies and tetrame-
thylbenzidine liquid substrate. The absorbance was
then measured at 450/570 nm with a microplate reader
(Bio-Rad, Japan). Plasma Gd-IgA1 levels were detected
using the KM55 ELISA kit (IBL, Japan) [19,20]. Briefly, the
ELISA plates were incubated with plasma samples
(1:400 dilution in EIA buffer) and standard samples for
1 h at 37 �C, washed four times with wash buffer, incu-
bated with prepared-labeled antibodies, and then
treated with 50mL TMA solution for 30min in the dark.
The absorbance was measured at 450/630 nm by an
ELISA reader (Bio-Rad, Japan). The reference range of
IgA1 and Gd-IgA1 levels was calculated according to
their respective standard curves generated from parallel
working standards.

Statistical analysis

Continuous variables with normal distribution were
expressed as mean± standard deviation (SD) and non-
normal variables were presented as median and inter-
quartile range (IQR). Categorical variables were reported
as absolute frequencies and percentages. For comparison
of normally distributed continuous variables, the inde-
pendent samples t-test was used. For analysis of non-nor-
mally distributed data, Mann–Whitney U test or
Kruskal–Wallis test was used. The chi-squared test was
performed for comparison of categorical variables.
Pearson’s correlation and linear regression analyses were
used to determine the association between two continu-
ous variables. All results were analyzed by SPSS version
22.0 (SPSS Inc., Chicago, USA) and expressed as hazard
ratios with 95% confidence intervals. A two-tailed P value
less than 0.05 was considered statistically significant.

Results

The baseline characteristics of patients with IgAN

Two hundred and sixty-one patients with IgAN were
enrolled in this study. The baseline characteristics,
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including age, sex, SBP, DBP, gross/microscopic hema-
turia, Scr, serum IgA/IgG/IgM, serum C3, 24-h protein-
uria, eGFR, CrCl, BUN, treatment regimes, and
histological characteristics, were demonstrated in
Supplementary Table 2.

H. pylori infection rates

H. pylori infection rates in patients with IgAN tended to
be higher than those in healthy controls (157/261,
60.2% vs. 22/46, 47.8%; p¼ 0.118). Subgroup analyses
showed that there were significant higher type I H.
pylori infection rates in patients with IgAN, as compared
with healthy controls (116/261, 44.4% vs. 13/46, 28.3%;
p¼ 0.040). While, type II H. pylori infection rates were
comparable between IgAN patients and healthy con-
trols (41/261, 15.7% vs. 9/46, 19.5%, p¼ 0.514)
(Figure 1).

Association between H. pylori infection and
clinical manifestations

Compared with uninfected IgAN patients, patients with
H. pylori infection showed significantly higher SBP
(126.0 ± 15.5 vs. 119.6 ± 14.5mmHg; p¼ 0.010), 24-h
proteinuria (1.8 ± 2.7 vs. 1.2 ± 1.4 g/24h; p¼ 0.013), and
BUN (7.9 ± 5.4 vs. 6.7 ± 3.9 lmol/L, p¼ 0.042) levels.
Further subgroup analyses showed that the above indi-
cators were significantly higher in IgAN patients with

type I H. pylori infection (126.5 ± 15.4 vs.
119.6 ± 14.5mmHg, p¼ 0.002; 1.9 ± 2.9 vs. 1.2 ± 1.4 g/
24h, p¼ 0.033; 8.1 ± 5.6 vs. 6.7 ± 3.9 lmol/L, p¼ 0.041),
but not in IgAN patients with type II H. pylori infection
(124.5 ± 16.0 vs. 119.6 ± 14.5mmHg, p¼ 0.081; 1.8 ± 2.0
vs. 1.2 ± 1.4 g/24h, p¼ 0.088; 7.7 ± 4.7 vs. 6.7 ± 3.9 lmol/
L, p¼ 0.211). And no significant differences were
observed in age, sex, SBP, DBP, gross/microscopic
hematuria, Scr, serum IgA/IgG/IgM, serum C3, 24-h pro-
teinuria, eGFR, CrCl, BUN, treatment regimes, and histo-
logical characteristics between patients with type I
infection and patients with type II infection (Table 1).

Plasma IgA1 and galactose-deficient IgA1 levels

Plasma IgA1 and Gd-IgA1 levels were both significantly
higher in patients with IgAN than those in healthy con-
trols (3.3 ± 1.6 vs. 2.1 ± 1.0 g/L; p< 0.001; 5.0 ± 2.2 vs.
3.9 ± 2.4 lg/mL, p¼ 0.033), which were the common
disease characteristics (Figure 2(A)). Plasma Gd-IgA1 lev-
els were significantly higher in patients with type I
infection than in uninfected patients (5.5 ± 2.2 vs.
4.5 ± 2.2 lg/mL, p¼ 0.037). But there was no signifi-
cance between patients with type I and type II H.pylori
infection (5.5 ± 2.2 vs. 4.9 ± 1.9 lg/mL, p¼ 0.344).
Conversely, compared with uninfected patients, plasma
IgA1 levels were comparable with patients with type I
infection (3.2 ± 1.7 vs. 3.4 ± 1.7 g/L, p¼ 0.693) and
patients with type II H. pylori infection (3.2 ± 1.7 vs.

Figure 1. The Helicobacter pylori infection rates in IgA nephropathy patients and healthy controls. IgAN: IgA nephropathy; H.
pylori: Helicobacter pylori.
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3.1 ± 1.4 g/L, p¼ 0.723). Further correlation analyses
showed a significantly positive correlation between
plasma IgA1 and Gd-IgA1 levels (correlation coefficient
¼ 0.61, p¼ 1.38� 10�6) in patients with IgAN (Figure
2(B)). While, in controls, there were no significant differ-
ences both in plasma IgA1 and Gd-IgA1 levels whether

between uninfected controls and controls with type I
infection (1.9 ± 0.7 vs. 2.1 ± 0.7 g/L, p¼ 0.535; 4.0 ± 2.7
vs. 3.4 ± 1.9 lg/mL, p¼ 0.608) or between controls and
controls with type II infection (1.9 ± 0.7 vs. 1.8 ± 0.8 g/L,
p¼ 0.869; 4.0 ± 2.7 vs. 4.6 ± 2.4 lg/mL, p¼ 0.682) or
between controls with I infection and controls with II

Figure 2. Levels of plasma IgA1 and galactose-deficient IgA1 in participants. (A) The plasma IgA1 and Gd-IgA1 levels in patients
with IgAN and healthy controls. (B) The Plasma IgA1 and Gd-IgA1 levels in IgAN patients with or without H. pylori infection. (C)
The Plasma IgA1 and Gd-IgA1 levels in healthy controls with or without H. pylori infection.
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infection (2.1 ± 0.7 vs. 1.8 ± 0.8 g/L, p¼ 0.552; 3.4 ± 1.9
vs. 4.6 ± 2.4 lg/mL, p¼ 0.363) (Figure 2(C)).

Discussion

In this study, patients with IgAN showed higher infec-
tion rates of H. pylori, especially type I H. pylori, than
healthy controls. And IgAN patients infected with H.
pylori, especially type I H. pylori, showed significantly
higher SBP, 24-h proteinuria, and BUN levels than unin-
fected patients. Similarly, higher plasma Gd-IgA1 levels
were observed in IgAN patients with type I H.
pylori infection.

Mucosal infection was reported to be involved in the
development of IgAN through triggering innate and
adaptive immune responses and the alternative com-
plement pathway [21,22]. Recently, H. pylori infection
and its linkage with extra-gastric diseases has been
widely studied [23,24]. However, whether the infection
rates of H. pylori are higher in patients with IgAN
remains controversial [5,9]. In this study, we recruited
261 patients with IgAN and 46 healthy controls, and
results showed that there were slight differences in the
infection rates of H. pylori between these two groups,
but not reach statistical significance; however, the infec-
tion rates of type I H. pylori, the main virulent strain of
H. pylori, were significantly higher in patients with IgAN.
H. pylori was reported to increase proteinuria and renal
vasoconstriction in several renal disease as an infection
factor through altering the permeability of the glom-
erular basement membrane, damaging endothelial dys-
function, and promoting production of inflammatory
cytokines [25,26], suggesting that H. pylori was involved
in progression of renal disease. Previous study [27] and
our clinical practice (data not included) showed that H.
pylori eradication reduced proteinuria in patients with
IgAN. Decrease trend of eGFR levels were observed in
IgAN patients with H. pylori infection [4], but the associ-
ation between different types of H. pylori infection and
clinical manifestations of IgAN remained to be eluci-
dated. In this study, a trend of lower eGFR was showed
in patients with type I infection, but it does not reach
statistical significance. And significantly higher 24-h
proteinuria, SBP, and BUN were showed in IgAN
patients with type I infection, but not in patients with
type II infection, implying that IgAN patients with viru-
lent H. pylori infection may have lower renal function.

IgA1 with high lectin binding was produced in
response to mucosal H. pylori infection [28], and exag-
gerated systemic antibody response, mainly serum anti-
H. pylori IgA1, to mucosal infection was demonstrated
in IgAN patients with H. pylori infection [9]. CagA, a

crucial virulence factor of type I H. pylori, was reported
to promote the production and undergalactosylation of
IgA1 in the B cell line, DAKIKI [9,29]. It was reported
that aberrant glycosylation of IgA1 was involved in the
pathogenesis of IgAN [30]. However, the effects of dif-
ferent H. pylori strains on plasma Gd-IgA1 levels of IgAN
patients remain unclear. In present study, patients with
IgAN displayed significantly higher plasma IgA1 and
Gd-IgA1 levels than controls, which are the common
disease characteristics. And the plasma Gd-IgA1 levels
were significantly higher in patients with type I H. pylori
infection than those in uninfected patients, while the
levels in controls and controls with H. pylori infection
were comparable, indicating that the higher plasma
Gd-IgA1 observed in IgAN patients with virulent H.
pylori infection was associated with the disease, and
not a general change in healthy controls. This was con-
sistent with previous studies that the levels of serum
mucosal-type IgA1 against H. pylori were significantly
higher in IgAN patients than healthy controls [9] and
the degree of H. pylori antigen and CagA deposition
were obviously severe in IgAN patients than patients
with non-IgAN primary glomerulonephritis [4]. The
immune response to H. pylori infection may be more
stronger in IgAN patients than controls.

The main limitations in our study were as followed.
We evaluated the serum anti-H. pylori IgG to identify
individuals exposed to H. pylori infection rather than
testing the current infection status using 13C-UBT.
However, the seropositivity of anti-H. pylori IgG could
not be converted to seronegativity without H. pylori
eradication therapy. To a certain extent, the serum anti-
H. pylori IgG represents current infection and has been
used for several epidemiological investigations [31, 32].
Although Gd-IgA1 was suggested to play a central role
in pathogenesis of IgAN. Some studies reported that
Gd-IgA1 was unrelated with proteinuria in IgAN
patients [33,34]. While others observed a trend of lower
eGFR, higher proteinuria, and increased use of immuno-
suppressives in IgAN patients with higher Gd-IgA1 lev-
els [18]. In this observation study, we found that the
IgAN patients with type I H. pylori infection showed
lower renal function and higher plasma Gd-IgA1.
Further cohort and H. pylori eradication studies are
needed to verify whether H. pylori infection participate
in the pathogenesis and progression of IgAN through
the elevated plasma Gd-IgA1.

Conclusions

In conclusion, our study revealed that virulent type I H.
pylori infection was more common in patients with
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IgAN. And H. pylori infection, especially type I H. pylori
infection, was associated with higher 24-h proteinuria,
SBP, and BUN, as well as higher plasma Gd-IgA1 levels
in patients with IgAN.
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