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Helicobacter pylori is a Gram-negative bacterium found on the luminal surface of the gastric mucosa in at least 50% of
the world’s human population. The protective effect of breastfeeding against H. pylori infection has been extensively
reported; however, the mechanisms behind this protection remain poorly understood. Human IgA from colostrum has
reactivity against H. pylori antigens. Despite that IgA1 and IgA2 display structural and functional differences, their reactivity against H. pylori had not been previously determined. We attested titers and reactivity of human colostrum-IgA
subclasses by ELISA, immunoblot, and flow cytometry. Colostrum samples from healthy mothers had higher titers of
IgA; and IgA1 mostly recognized H. pylori antigens. Moreover, we found a correlation between IgA1 reactivity and their
neutralizing effect determined by inhibition of cytoskeletal changes in AGS cells infected with H. pylori. In conclusion,
colostrum-IgA reduces H. pylori infection of epithelial gastric cells, suggesting an important role in preventing the bacteria establishment during the first months of life. As a whole, these results suggest that IgA1 from human colostrum
provides protection that may help in the development of the mucosal immune system of newborn children.
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Additional supporting information may be found online in the Supporting Information section
at the end of the article.

Introduction
Helicobacter pylori is a Gram-negative bacterium found on the
luminal surface of the gastric mucosa [1]. This bacterium is
acquired early in life and induces a chronic infection unless it is
treated [2]. At least 50% of the human population worldwide
is infected [3]. In Mexico, approximately 50% of children are

H. pylori-positive at age 10, and more than 80% of adults are
infected [4–6].
Attachment to gastric epithelial cells is a requisite for
successful H. pylori colonization [7,8]. Helicobacter pylori virulence factors, such as toxins and functional components of
a type IV secretion system (T4SS), have been associated with
enhanced induction of gastritis, peptic ulcer, higher risk of gastric
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adenocarcinoma, and MALToma development [9,10]. CagA protein is a bacterial oncoprotein that affects multiple intracellular
pathways with a variety of consequences such as perturbation in
the rearrangement of actin, disruption of cellular tight junctions
in vivo, and development of the hummingbird phenotype in cells
in in vitro models [11,12].
The protective effect of colostrum in preventing gastrointestinal and respiratory infections has been extensively studied [13].
Although several studies have suggested that breastfeeding can
also prevent the establishment of H. pylori during childhood [13],
there is still controversy on the beneficial effect of breastfeeding
against this infection [14].
Colostrum is the first form of milk produced by the mammary glands and is secreted right after the newborn’s delivery.
It is produced in low quantities and lasts between 2 and 4 days
once lactation has started. Colostrum has growth factors, hormones, immunoglobulins and cells required for protective functions, growth, and development of the newborn [15]. Studies
have reported that colostrum has reactivity against H. pylori antigens, and it has been hypothesized that IgA may afford protection,
particularly against the establishment of H. pylori in the gastric
mucosa [16–18]. IgA plays a vital role as the first immunological
defense barrier in the body since the mucosal sites are the portal
of entry to the majority of human pathogens [19]. No studies are
addressing the specific role of human colostrum—IgA1 and IgA2
anti-H. pylori antibodies in preventing the infection of epithelial
gastric cells by H. pylori.
This work aimed to evaluate the reactivity of human
colostrum–IgA1 and IgA2 against H. pylori antigens. Then, we
sought to correlate the IgA1 and IA2 reactivity with the inhibition
of cytoskeletal changes in AGS cells infected with H. pylori. We
hypothesized that colostrum anti-H. pylori IgA inhibits bacterial
adhesion and reduces cytotoxic effects on AGS cells.

Results
Population data
Ninety-three healthy Mexican women with a mean age of
27.2 ± 5.2 years were included in the study. Fifty-two percent

Figure 1. Quantification of Anti-H. pylori IgA subtypes in human
colostrum. (A) Total IgA1 and IgA2 concentrations in human colostrum.
Data are expressed in milligrams of Ig per milliliter of colostrum
(mg/mL). (B) Variation in colostrum anti-H. pylori IgA subclasses. Data
are expressed in nanograms of Ig per milliliter of colostrum (ng/mL)
(n= 93). All values are represented as mean ± SD of the mean of technical triplicates from an independent experiment. Statistical analysis
was performed using U–Mann Whitney test. ****p < 0.0001.

of women had their newborn by cesarean delivery (C-section) and
the rest by vaginal delivery (VD). For ninety-six percent of women,
this was their first child (Table 1).

Colostrum from healthy women had high
concentrations of IgA1 and IgA2
subclasses against H. pylori
The concentrations of total IgA1 and IgA2 subclasses in colostrum
were comparable among Mexican women analyzed in this study,
where IgA2 was significantly higher than IgA1 (Fig. 1A). In sharp
contrast, concentrations of IgA1 and IgA2 anti-H. pylori varied
significantly among mothers; IgA1 was the most prevalent antibody subtype recognizing whole-cell antigens, whereas IgA2 levels were lower in all colostrum samples (Fig. 1B).
Colostrum composition can be affected by some factors as the
stage of lactation, delivery method, age, and residential area [20].
In our study, neither residential area nor delivery method influenced the observed colostrum IgA response (Supporting information Fig. S1A and B).

Table 1. Description of the population analyzed

Characteristic
Age
Delivery method
Number of parturitions

Hospital

Clinical group

© 2021 Wiley-VCH GmbH

Frequencies (percentages)
Mean = 27.2 ± 5.2
VD = 56 (49.55%)
C-section = 57 (50.44%)
1st = 108 (95.57%)
2nd = 3 (2.65%)
3rd = 2 (1.77%)
HR 1° Oct = 35 (30.97%)
HRAEI = 40 (35.4%)
HMuj = 38 (33.63%)
Women without symptoms associated with H. pylori infection = 56 (49.5%)
Women with symptoms suggestive of gastritis = 57 (50.4%)
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Figure 2. IgA subclasses specific for Helicobacter pylori determined by Western Blot. Colostrum samples were analyzed by SDS-PAGE to determine
the recognition pattern of H. pylori proteins. The membranes were developed with anti-IgA1 and anti-IgA2. MW markers, for size comparison, are
shown on the left. The figure shows the 18 most representative colostrum samples for IgA1 and their IgA2 counterparts (n = 93).

IgA1 isotype presents a more robust and more diverse
recognition of H. pylori proteins than IgA2

Colostrum IgA antibodies recognized H. pylori
antigens on the surface of the bacteria

To analyze how the different colostrum recognized H. pylori protein antigens, we performed western blot assays using the H.
pylori whole-cell antigen pool. A total of 93 samples of colostrum
were evaluated for both IgA1 and IgA2 patterns of recognition.
Figure 2 shows18 representative blots of IgA1 and their corresponding IgA2. The pattern of proteins recognized by IgA1 varied
in type and intensity among the different colostrum analyzed (1-7
bands), whereas IgA2 from the same patients identified fewer proteins (1-4 bands) and with lower intensity (Table 2). The analysis
showed that colostrum IgA1 recognized low and high molecular
weight proteins and IgA2 identified only proteins below 60 KDa.
Whereas IgA1 exclusively recognized a 30 KDa protein (probably
UreA), the 40 KDa was more frequently recognized by IgA2.
The 60 KDa protein (probably flagellin) was recognized by
50% of both IgA1 and IgA2 isotypes. Interestingly, a fraction of
IgA1 identified 70 KDa (probably UreB), 90 KDa (probably VacA),
and 120 KDa (possibly CagA), some colostrums recognize the
CagA antigen and in turn diminish the hummingbird effect of AGS
cells infected with H. pilori (Supporting information Fig. S2 and
Table S1).

IgA from colostrum can bind to and agglutinate bacteria [21].
We analyzed the agglutinin activity of 40 randomly selected
colostrum samples against H. pylori. Colostrum presented agglutinating activity with a mean titer of 1:800 (Fig. 3A). To further analyze if IgA antibodies recognized antigens on the surface of bacteria, we evaluated (by flow cytometry) the capacity
of colostrum IgA antibodies to stain H. pylori in the same samples used for agglutination (Fig. 3B and C). Our results showed
that the binding of IgA1 to H. pylori is higher than IgA2 and the
amount of IgA1 bound to bacteria was three times higher than
IgA2 (Fig. 3B). The reactivity of IgA1 and IgA2 antibodies was
similar in ELISA, Western blot, and flow cytometry assays showing that IgA1 mostly recognized the antigen of H. pylori than IgA2
(Figs. 1B and 3B).

Table 2. Frequency of colostrum IgA1 and IgA2 reactivity against
Helicobacter pylori antigens

Molecular weight

IgA1(%)

IgA2(%)

∼30 KDa (UreA)
∼40 KDa
∼50 KDa
∼55 KDa
∼60 KDa (Flagelin)
∼70 KDa (UreB)
∼75 KDa
∼80 KDa
∼90 KDa (Vac A)
∼120 KDa (CagA)

46
29
11.80
29
51.60
8.60
3.20
1
3.20
9.60

0
72
1
2
51.60
0
0
0
0
0

© 2021 Wiley-VCH GmbH

Colostrum reduced hummingbird phenotype of AGS
cells infected with H. pylori
CagA and some adhesin related to T4SS proteins from H. pylori
are responsible for cytoskeletal rearrangements in epithelial cells
[22]. We evaluated whether colostrum antibodies can reduce H.
pylori’s cytoskeletal changes in gastric epithelial cells in culture.
The assays were performed with colostrum-opsonized bacteria.
Thirty-two out of forty colostrum demonstrated a 20 to 100%
reduction of the hummingbird phenotype (Fig. 4). Colostrum
samples showing a reduction of the hummingbird phenotype recognized more frequently proteins of ∼30 KDa, ∼45 KDa, ∼50KDa,
and ∼60 KDa, as evidenced by immunoblot (Fig. 5, Supporting
information Table S1).

Discussion
Helicobacter pylori is a Gram-negative bacterium that colonizes
the gastrointestinal mucosa. This bacterium is generally acquired
www.eji-journal.eu
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Figure 3. IgA1 preferentially binds to H. pylori surface antigens. (A) Antibody titer of human colostrum determined by agglutination (n = 40). (B)
Percentage of IgA1- and IgA2-coated bacteria (n = 40). (C) Cytometry strategies to analyze H. pylori staining. All values are represented as mean
± SD. Statistical analysis was performed using U–Mann Whitney test. ****p < 0.0001. A and B data shown are representative of two independent
experiments.

during childhood, and it persists for the lifetime. Several studies
have indicated that breastfeeding temporarily protected H. pylori
colonization during infancy by specific IgA antibodies present
in breast milk [23,24], though the precise mechanisms remain
unclear.
Colostrum has two IgA subtypes with biological and antigenic
distinct properties. To understand the role of colostrum IgA subtypes as a barrier to H. pylori infection, we analyzed the inhibition of cytoskeletal changes induced by H. pylori CagA in AGS
cells. Additionally, we determined anti-H. pylori IgA subclasses by
ELISA, immunoblotting, and flow cytometry.
It has been reported that, in most cases, IgA2 levels are slightly
higher than IgA1 in colostrum [25,26]. The concentrations of
IgA1 and IgA2 in colostrum vary according to infectious diseases
and or immunizations during pregnancy [25]. The results from
this study also show the predominance of total IgA2 over IgA1.
Despite the higher concentrations of IgA2 in colostrum [27], we
found that IgA1 preferentially recognized H. pylori lysates and
whole bacterial. The reactivity of IgA depends on the chemical
composition of the antigens [28]. Although IgA1 is more susceptible to proteolytic degradation, proteases from H. pylori are unable
© 2021 Wiley-VCH GmbH

to degrade it [29]. Thus, it is possible that IgA1 has a more significant role in the recognition and perhaps in the protection against
H. pylori infections. Moreover, there are differences in glycosylation between IgA1 and IgA2 [30], so it would be possible that
IgA1 may also bind to H. pylori through their carbohydrates, but
the role of this differential glycosylation was not specifically evaluated in this work. There are no studies on the protection and
mechanisms by which the different IgA subtypes (IgA1 and IgA2)
could participate in the protection against infection with H. pilori,
thus, the protective role of IgA1 in colostrum remains unknown
and needs to be investigated during infection.
Previous works have shown increased serum IgA and IgG
immunoglobulins anti- H. pylori in people with chronic infection
[31,32]. Besides, Berstad et al. reported a considerable increase
in IgA1-secreting cells in gastric mucosal during chronic infection [29]. The migration of IgA precursor cells to the lactating mammary gland from the gastric mucosal sites is well documented [33,34]. Our results are in agreement with these studies
described above and suggest that IgA1-secreting cells originated
in the stomach migrated to the mammary glands. The differentiation and inflammatory infiltration of IgA-secreting cells in the
www.eji-journal.eu
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Figure 4. Effect of H. pylori opsonization with colostrum on the formation of hummingbird phenotype. AGS cells were infected with H. pylori
previously incubated with colostrum. The number of cells with hummingbird phenotype (white arrow) was quantified. Representative images of
(A) colostrum that induced reduction of hummingbird phenotype and (B) colostrum with low reduction. (C) AGS cell infected with H. pylori and (D)
AGS cell without infection as a control. (E) Percentages of hummingbird phenotype reduction. Data from each panel are single representative from
two independent experiments (n = 40).

gastric mucosa could be driven by secretion of IL-5, IL-6, IL-10,
IL-21, IL-17, and TGF-β. Some of these cytokines are involved in
the pathogenesis of gastritis caused by H. pylori [35,36]. Although
we did not precisely determine the presence of H. pylori infection
in the cohort by serology, we found anti- H. pylori IgA antibodies
in most colostrum samples, which concur with the prevalence of
the disease in adults in Mexico [37,38].
The presence of agglutinating antibodies in the mucosal tissue plays an essential role in preventing bacterial colonization
[39,40]. The present study shows that colostrum samples agglutinated H. pylori. We found that the colostrum of many samples
have higher agglutinating activity than those reported in serum
[41]. In contrast to serum, which has higher IgG levels, human
colostrum has secretory IgA (SIgA) as the main immunoglobulin
isotype [42]. SIgA is the main isotype present in colostrum with

polymeric forms, 60 % dimeric and 40% tetrameric molecules
with four and eight antigen-binding sites, respectively, and trace
amounts of monomeric IgA, protected by a secretory component [43,44]. The polymeric SIgA has a much higher avidity
for an antigen, which exceeds that of monomeric IgA by up
to four orders of magnitude due to the bonus effect of multivalency; therefore, it can form a large antigen–antibody complexes [40]. Furthermore, the carbohydrate moieties of both subtypes’ IgA can interact with adhesion molecules of the bacteria leading to a more efficient agglutination [45,46]. This noncanonical binding of SIgA and the microbiota may generate weak
inter- or intraspecies associations that could cause inhibition of
bacteria attachment to epithelial cells and prevent the infection by pathogenic Gram-positive and Gram-negative bacteria
[46,47].

Figure 5. Frequency of H. pylori proteins recognized by IgA1 antibodies in the colostrum that induced reduction of hummingbird phenotype (n =
40). The results are representative from two independent experiments.

© 2021 Wiley-VCH GmbH
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Bacterial adherence to the gastric epithelium facilitates colonization and persistence of the infection. Adhesion is mediated by
BabA, SabA, OipA, FlaA, or other outer membrane proteins. It can
also secrete virulence factors such as CagA and VacA [48]. Cag
A has been linked to gastric cancer induction, which enters host
cells through the T4SS-mediated pathway [49]. Previous studies
have shown that translocation of H. pylori CagA protein is responsible for cytoskeletal rearrangements in the epithelial cells [50].
Translocated CagA protein is localized close to the location at
which the bacteria attach in the plasma membrane’s inner surface,
and subsequently, it is phosphorylated in host cells [51]. Once
CagA is phosphorylated, cellular functions are perturbed, triggering a signal cascade, which results in cell scattering and proliferation [52]. AGS epithelial cells infected with H. pylori acquire an
altered morphology known as the hummingbird phenotype characterized by dramatic cell elongation, which may involve malignant transformation. It can be used to measure the infectivity of
the bacteria. It was essential to evaluate the ability of colostrum to
inhibit the hummingbird phenotype on gastric epithelial cells. To
correlate the recognition of different antigens made by IgA1 in the
colostrum samples, some were chosen to detect CagA through an
Elisa assay (Supporting information Figure S2). Some colostrums
(colostrum 39 and 71) recognize the CagA antigen and in turn
diminish the hummingbird effect of AGS cells infected with H.
pilori (Supporting information Table). It was found that those
colostrum samples with protection of more than 20%, detected
antigens with greater frequency and were in the majority (32 of
40). Just as the IgA1 of some colostrum specifically recognized
the CagA antigen, it would be interesting to corroborate whether
the bands that are being detected in the WB assays specifically
recognize the proposed antigens. Finally with these data, it is possible to suggest the importance that IgA1 may have by interacting
with antigens of the bacteria and thereby interfering with their
adherence.
Colostrum opsonization showed protection in 80% of samples
tested, but no correlation was found between reducing the hummingbird phenotype and IgA1 and IgA2 anti-H. pylori titers. Even
though IgA is the most abundant protein in colostrum, inhibition activity could also be affected by other colostrum factors. For
example, lactoferrin and complement have shown antimicrobial
properties against H. pylori [15,53]. Oligosaccharides also act as
competitive inhibitors for the binding sites on the epithelial surfaces [54]. Our results showed that IgA had reactivity against proteins with a similar weight to OipA (34 KDa), SabA (70 KDa), and
AlpA/AlpB (56 kDa), which have been involved in the adhesion
of H. pylori [55].
Interestingly, we observed a correlation between IgA1 reactivity to these proteins and reducing the hummingbird phenotype. It
has been reported that antibodies anti-OipA can inhibit the attachment of H. pylori to AGS cells. Some of these proteins could be
used to design therapeutic and prophylactic measures to avoid H.
pylori [24,56]. A more precise understanding of H. pylori infection
acquisition is essential because it could allow the development
of strategies to prevent transmission in the first months of life.
Childhood H. pylori infection could impact malnutrition, growth
© 2021 Wiley-VCH GmbH

impairment, and cognitive impairment and may generate alterations in the gut microbiota [57]. However, further studies are
required to provide essential insights into the role of colostrum
IgA1 reactivity and its correlation with the protection of H. pylori
infection in newborns and infants.
As a whole, these results suggest that IgA1 has an essential
role in reducing the adherence of H. pylori to the gastric epithelial cells. Future work must analyze the colostrum’s reactivity
against purified antigens to establish a better correlation between
the antigens recognized and inhibit the hummingbird phenotype
in AGS cells. Our results suggest that the increase in IgA antiH. pylori in maternal colostrum may protect newborns from H.
pylori infection during the vulnerable period of the first months of
life, when they are more susceptible to enteric infections, leading
to recurrent diarrhea and adverse consequences on nutrition and
growth.

Conclusions
These results support that H. pylori proteins’ recognition by SIgA1
may interfere with its adherence and cytotoxicity to AGS cells.
This work provides evidence on the importance of breastfeeding
in protecting newborn children from H. pylori infections.

Materials and methods
Population selection
This study included samples from 93 Mexican women, clinically
healthy, who attended three hospitals in Mexico City, for delivery. Following were the three hospitals: Hospital Regional 1° de
Octubre ISSSTE (H. 1° Oct); Hospital Regional de Alta Especialidad de Ixtapaluca (HRAEI); and Hospital de la Mujer (HM)
(Table 1). All procedures were explained to women who signed
an informed consent letter.

Ethics approval
This study protocol is an extension of the previous protocol, which
was approved by the Research and Ethics Reviewing Board of Protocols from HR 1° Oct (with number 090201/14.1/086/2017),
HRAEI (FESZ/DEP/CI/163/16), and HMuj (HM-INV/2016-015).

Inclusion and exclusion criteria
Women between 20 and 35 years old, with a full-term pregnancy
(38-42 weeks) and VD or C-section, were included. Exclusion
criteria included: chronic diseases, previous abortions, preterm
pregnancy, multiparous parturition, hormonal treatment, acute
disease 3 weeks before delivery, and antibiotic therapy.
www.eji-journal.eu
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Sample processing
An average volume of 3 mL of human colostrum was collected
24–48 h postpartum. Supernatant and cellular fractions were
obtained by centrifugation at 400 g for 10 min at 4°C. The upperfat layer was discarded, and the aqueous supernatant was stored
at −20°C until used. After thawing, all samples were centrifuged
at 2000 g for 10 min at 4°C (AllegraTM X-22R Benchtop Centrifuges Beckman Coulter Life Sciences, Indianapolis, IN, USA)
and supernatants were used for analyses.

Bacterial strains and culture conditions
CagA positive H. pylori 26695 strain was obtained from American Type Culture Collection (ATCC, Manassas, VA, USA). Three
H. pylori strains were isolated from Mexican patients, one from a
child and two from adults as previously described [58]. Bacteria
were cultured on blood agar plates (Becton-Dickinson, Franklin
Lakes, NJ, USA) for 48 h at 37°C in microaerobic conditions
(12% CO2 ), harvested, and resuspended into 0.85% saline for the
assays. For microagglutination test and flow cytometry assays, the
bacterial suspensions were adjusted to 1.0 Abs at 630 nm. Appropriate safety procedures were performed to growth and handling
of H. pylori in Biosafety Level 2 facilities [59].

Helicobacterium pylori antigen preparation
The three H. pylori strain isolated from Mexican patients were
grown and sonicated. The lysate pool was adjusted to a protein
concentration of 1 mg/mL and stored at −20°C until used for the
ELISA assays [58].

of streptavidin-HRP (Abcam®, Cat. Num. ab7403; 1:5000) for
60 min at 37°C, followed by 100 µL of chromogenic substrate
3′ 3′′ -5–5-tetramethylbenzidine (TMB ELISA substrate, Abcam®,
Cat. Num. 171523) for 1 min at room temperature. The reaction
was stopped with 100 µL of 0.2 M sulfuric acid, and the plates
were read in a spectrophotometer Microplate ELISA plate reader
(Sunrise, Tecan® TX, USA) at 450 nm. IgA1 and IgA2 standard
curves were performed in each plate to determine antibody concentration. To quantify total IgA1 and IgA2, the plates were coated
with 100 µL of capture monoclonal antibody (mouse anti-human
Ig light chain, Abcam®, Cambridge, UK, Cat. Num. ab1942) in 1
µg/mL PBS and the procedure was performed as described above.
The results were expressed in micro- or nanograms per milliliter
of colostrum (ng/mL) for each IgA subtype.
To detect colostrum specificity to Cag A antigen, we made an
ELISA assay standardized as previously described [60]. Briefly,
Cag A recombinant peptides were produced and purified as
described elsewhere [61]. A total of 0.5 µg/well was coated to
microtiter well plates (Immuno Plate MaxiSorp, Thermo Scientific, Cat. Num. 1132249) with carbonate buffer pH 9.6 at 4°C,
overnight. Plates were blocked for 1 h with 2.5% dry skim milk
in PBS pH 7.4. Colostrum (1:500) was added and incubated
for 1 h at 37°C. Next, monoclonal antibody anti-human IgA1
biotinylated (Abcam®, Cat. Num. ab128731; 1: 8000) was incubated for 1 h at 37°C. The reaction was revealed with 100 µL
of streptavidin-HRP (Abcam®, Cat. Num. ab7403; 1:8000) for
60 min at 37°C, followed by 100 µL of chromogenic substrate
3′ 3′′ -5–5-tetramethylbenzidine (TMB ELISA substrate, Abcam®,
Cat. Num. 171523) for 10 min at room temperature. The reaction
was stopped with 100 µL of 0.2 M sulfuric acid, and the plates
were read in a spectrophotometer Microplate ELISA plate reader
(Sunrise, Tecan at 450 nm. Positive and negative sera and a monoclonal antibody anti-CagA (Santa Cruz Biotech., Dallas, USA, Cat.
Num. SC-28368) were used as controls.

ELISA assays
Western blot
The ELISA assay was used to quantify H. pylori-specific colostrum
IgA1 and IgA2 concentrations. Ninety-six-well plates (Immuno
Plate MaxiSorp, Thermo Scientific, NY, USA, Cat. Num. 1132249)
were coated with 100 µL of H. pylori antigen solution. Helicobacterium pylori antigen adjusted to 2 µg/mL in carbonates
buffer (pH 9.6) and incubated overnight at 4°C as previously
described [25,60]. The plate wells were blocked with 200 µL of
5% of BSA (Sigma-Aldrich Company®, USA, Cat. Num. 904846-8) with fetal bovine serum (Biowest®, Riverside, MO, USA,
Cat. Num. US1520) for 1.5 h at 37°C. Colostrum was centrifuged, and the samples were processed by 10-fold serial dilutions from 1:10 to 1:10 000, and plates were incubated with
50 µL of colostrum dilutions and were incubated for 45 min at
37°C. The plate was then incubated for 45 min at 37°C with
biotinylated antibodies, anti-IgA1 (monoclonal mouse antibody,
Abcam®, Cat. Num. ab128739; 1: 2500), or anti-IgA2 (monoclonal mouse antibody, Abcam®, Cat. Num. ab128731; 1: 2000)
in PBS-Tween 0.05%. The reaction was revealed with 100 µL
© 2021 Wiley-VCH GmbH

Helicobacterium pylori whole-cell antigens were separated in 10%
polyacrylamide preparative gels (120 min, 80 V). The proteins
were transferred onto a 0.45 µm nitrocellulose membrane (BioRad. Cat. Num. 1620115) for 90 min at 100 V, and the membrane was blocked with 5% nonfat milk for 1 h at room temperature. Colostrum samples at a 1:1000 dilution in 1% PBS-Tween
were used as the primary antibody, and the membrane was incubated overnight at 4°C. Next, biotinylated antibodies anti- IgA1
(monoclonal mouse antibody, Abcam®, Cat. Num. ab128739; 1:
10,000) or anti-IgA2 (monoclonal mouse antibody, Abcam®, Cat.
Num. ab128731; 1:8000) in 1% PBS-Tween were added and incubated for 1 h at room temperature. Streptavidin-HRP (Abcam®,
Cat. Num. ab7403; 1:8000) was used and incubated for 1 h at
room temperature, followed by ClarityTM Western ECL Substrate
(Bio-Rad. Cat. Num. 1705061) and membranes were documented
using ChemiDoc TM MP Imaging System with Image Lab TM Software.
www.eji-journal.eu
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Microagglutination test
The microagglutination test was performed in 96-well U-shapedbottom microplates. Serial twofold dilutions of the colostrum
were made in 0.85% saline from 1:50 to 1:3200. Then, 50 µL
of H. pylori antigen was added, and the microplates were incubated at 37°C for 24 h. Serum from a patient positive for anti- H.
pylori antibodies was used as positive control and 0.85% saline as
a negative control [62].

Detection of IgA subtypes to H. pylori surface antigens
by flow cytometry
Helicobacterium pylori suspension was incubated with 1:50 dilution of colostrum samples for 30 min at 37°C and colostrum was
washed twice with centrifugation at 1000 g for 10 min. The bacterial pellet was incubated with biotinylated anti-human -IgA1
(mouse monoclonal antibody, Abcam®, Cat. Num. ab128739; 1:
100) for 30 min at 37°C. Subsequently, the bacteria were washed
twice with PBS and incubated 30 min at 37°C with streptavidinPE (Biolegend, Cat. Num. 405203, 1:200), and anti-IgA2 human
FITC (mouse monoclonal antibody, Southern Biotech ® Cat. Num.
9140-02, 1:100). Finally, bacteria were washed twice with PBS,
resuspended in 100 µL of PBS, and 1 × 105 events were acquired
in a FACS Calibur cytometer (BD, San Jose, CA, USA. The files
were analyzed using the Flow Jo software [63,64]. Appropriate compensation controls and gates were used to discriminate
between positive and negative bacteria. FlowJo was set according to single staining with anti-IgA1 or IgA2, unstained bacteria
were used to set autofluorescence. We calculated the percentage
of IgA1 coated H. pylori by Q2 + Q3, % of IgA2 coated H. pylori
by Q1 + Q2, and % of IgA1 plus IgA2 H. pylori by 100% of IgA
negative (in Q4).

Determination of the morphologic effects of H. pylori
on AGS cells
Human gastric epithelial cell line AGS was obtained from American Type Culture Collection and maintained in DMEM-F12 nutrient mixture medium supplemented with 10% heat-inactivated
fetal bovine serum and incubated at 37°C in a 5% CO2 -air humidified atmosphere. AGS monolayers were prepared on 24-well
dishes at a density of 1 × 105 cells per well and incubated at 37°C
in a 5% CO2 -air humidified atmosphere for 24 h. Helicobacterium
pylori 26695 CagA positive strain was incubated with colostrum
for 30 min at 37°C, and then the colostrum was discarded by centrifugation at 1000 g for 10 min. Bacteria were immediately resuspended in DMEM-F12 medium and cocultured with a monolayer
of AGS cells at an MOI of 100. After 24 h, the cells were fixed with
methanol and stained with Giemsa reactive (SIGMA, St. Louis,
MO, USA). Elongation of cells (hummingbird phenotype formation) was examined in an Olympus IX 50 inverted microscope
(Tokyo, Japan). Images were acquired using the 60× objective
© 2021 Wiley-VCH GmbH

and the Image-Pro Plus software (Silver Spring, MD). AGS cells
infected with H. pylori unexposed to colostrum were used as a
control for the induction of the hummingbird phenotype.

Statistical analysis
A comparison of IgA subtypes concentrations among samples was
performed by the nonparametric Mann Whitney U test. All statistical tests and graphics were developed using statistical program
GraphPad Prism (GraphPad® Software version 5, La Jolla, CA,
USA).
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