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Gastric cancer is a rare outcome of chronic Helicobacter pylori infection. Serologic profiles may reveal bacterial, environmental

and/or host factors associated with cancer risk. We therefore compared specific anti-H. pylori antibodies among populations

with at least twofold differences in gastric cancer mortality from Mexico, Colombia and Chile. Our study included 1,776 adults

(mean age 42 years) from three nationally representative surveys, equally divided between residents of high- and low-risk

areas. Antibodies to 15 immunogenic H. pylori antigens were measured by fluorescent bead-based multiplex assays; results

were summarized to identify overall H. pylori seropositivity. We used logistic regression to model associations between anti-

body seroreactivity and regional cancer risk (high vs. low), adjusting for country, age and sex. Both risk areas had similar H.

pylori seroprevalence. Residents in high- and low-risk areas were seroreactive to a similar number of antigens (means 8.2 vs.

7.9, respectively; adjusted odds ratio, OR: 1.02, p50.05). Seroreactivities to Catalase and the known virulence proteins CagA

and VacA were each significantly (p< 0.05) associated with residence in high-risk areas, but ORs were moderate (1.26, 1.42

and 1.41, respectively) and their discriminatory power was low (area under the curve< 0.6). The association of Catalase was

independent from effects of either CagA or VacA. Sensitivity analyses for antibody associations restricted to H. pylori-seropos-

itive individuals generally replicated significant associations. Our findings suggest that humoral responses to H. pylori are

insufficient to distinguish high and low gastric cancer risk in Latin America. Factors determining population variation of gastric

cancer burden remain to be identified.

Chronic Helicobacter pylori infection is the strongest known
risk factor for noncardia gastric adenocarcinoma,1 the more
common anatomic location of gastric cancer. Latin America
has a high prevalence of H. pylori infection and has among
the highest gastric cancer incidence rates in the world, partic-
ularly in the Andean mountain region.2 Reasons for the vari-
ation in cancer risk are uncertain, but differences in bacterial,
environmental and/or host factors may be involved.3

H. pylori infection is generally acquired in childhood and
persists for life unless eradicated by antimicrobial therapy.
Long-term colonization induces antibodies that are conven-
tionally assessed by tests utilizing antigen prepared from
whole bacterial cell. H. pylori strains differ in their virulence,
with cytotoxin-associated gene A (CagA)-positive strains
inducing a more intense gastritis and greater gastric cancer
risk.4 Serological reactivity to multiple H. pylori proteins pro-
vides a more detailed characterization of host immune
response, and has been recently applied in case–control
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studies of preneoplastic or neoplastic gastric lesions among
Caucasians5,6 and Asians.7

To identify anti-H. pylori antibody profiles that character-
ize high vs. low gastric cancer risk, we compared adult popu-
lations with contrasting risk from nationally representative
surveys in countries with substantial burdens of gastric can-
cer mortality: Mexico, Colombia and Chile.

Material and Methods
Study populations and specimen procurement

This study included 1,776 participants aged 18 years and
older (mean age 42 years and 67% females) randomly
selected from previous population-based surveys. A total of
888 were residents of high gastric cancer risk areas and 888
were from low-risk areas that had at least twofold mortality
differences within country according to national data (Sup-
porting Information Table 1). Informed consent had been
obtained from all individuals.

Archived frozen sera (100 ll aliquots) were retrieved from
three separate surveys. The 599 Mexican specimens were
obtained from blood donors in the 2006 National Health and
Nutrition Survey (ENSANUT; http://ensanut.insp.mx), a
national probabilistic household survey, conducted from
November 2005 to May 2006. The 590 Colombian specimens
were obtained from participants in the National Serosurvey of
Cysticercosis,8 a probability sample of the Capital District of
Bogot!a and 23 of 32 states, conducted during 2008–2010. The
587 Chilean specimens were derived from participants in the
2003 National Health Survey (ENS; http://epi.minsal.cl/epi/
html/invest/ENS/ENS.htm), a national probabilistic household
survey.

H. pylori multiplex serology

Antibodies to 15 H. pylori-specific antigens (Cad, CagA,
Cagd, CagM, Catalase, GroEL, HcpC, HP0231, HP0305,
HpaA, HyuA, NapA, Omp, UreA and VacA) were assessed
by a multiplex glutathione S-transferase (GST) capture
immunosorbent assay utilizing fluorescent-bead technology,
as previously described.9 Briefly, recombinant GST H. pylori-
tag fusion proteins from bacterial lysates were loaded on
spectrally distinct glutathione-casein-coupled fluorescence-
labeled polystyrene beads (SeroMap, Luminex, Austin, TX)
and affinity-purified. Uniquely labeled beads loaded with dif-
ferent proteins were mixed and incubated in 96-well plates
with an equal volume of serum diluted in preincubation

buffer to final 1:1,000 dilutions for analyses. Antibodies
bound to the beads via the GST H. pylori-tag fusion proteins
were stained with biotinylated goat anti-human immunoglob-
ulin (Ig)A, IgM, IgG (Dianova, Hamburg, Germany) and the
reporter conjugate R-phycoerythrin-labeled streptavidin. A
Luminex 200 analyzer identified the internal bead pseudo-
color and thus the antigen carried by the bead. The quantity
of bound antibodies was determined as the median reporter
fluorescence intensity (MFI) of at least 100 beads per antigen
per sample. Corresponding cutoff values of seroreactivity
(mean MFI1 3 standard deviations) were calculated based on
30 H. pylori-seronegative samples ran within the same experi-
ment. Samples were analyzed on two consecutive days, using
the same lot of custom reagents. Laboratory personnel were
blinded to the cancer risk status of individuals. Reproducibility
of the H. pylori multiplex serology was assessed using 180
duplicates, for which intraclass correlation coefficients were
greater than 0.75 for all but one (CagA) of the antibodies.

Statistical analysis

We compared characteristics between low- and high-risk areas
using Pearson’s chi-square test for categorical variables and t-
test for continuous variables. Correlations among antibody lev-
els were evaluated by Spearman’s rank correlation. We mod-
eled the association between a binary indicator of regional risk
for gastric cancer (high vs. low) and individual antibody sero-
positivities using logistic regression, adjusting for age, sex and,
when combining all individuals, country. We report the odds
ratios (ORs) and cross-validated estimates of the model area
under the curve (AUC). We also modeled the association
between risk area and multiple antibodies by stepwise selec-
tion, and estimated corresponding AUC. We evaluated the
interaction between sex and antibody seroreactivity by generat-
ing cross-product terms for the antibodies significantly associ-
ated with high-risk area of residency.

Sensitivity analyses evaluated antibody associations with
high-risk area residency among H. pylori-seropositive individ-
uals. H. pylori seropositivity was alternatively defined by
either reactivity to !4 antigens, as previously reported,9 or
K-means clustering into two groups of log-transformed anti-
body MFI levels (Supporting Information Fig. 1). Agreements
with infection status by commercial ELISA (Biokit, Barcelona,
Spain), available only for the Chilean set,10 were evaluated by
Kappa statistics. An additional sensitivity linear regression
analysis was performed to evaluate associations between

What’s new?

Can antibody patterns reveal a population’s gastric cancer risk? These authors tested H. pylori antibodies from individuals in

regions of high and low risk in three countries in Latin America. In the largest serological study to date, they measured 15 dif-

ferent anti-H. pylori antibodies to find out whether people in high-risk populations had a different set of antibodies than those

in low-risk areas. Persons from high-risk areas had more antibodies to certain proteins, including CagA, suggesting that their

infecting strains may be more virulent. However, the difference in immune response was not pronounced enough to reliably

assess gastric cancer risk.
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antibody seroreactivity and absolute mortality (log-trans-
formed rates), adjusting for age, sex and country.

Associations between antibody levels and demographic
variables among all individuals were modeled by logistic
regression, adjusting for age group (<31, 31–50 or >50
years), sex and country.

All p-values were two-sided with values <0.05 considered
statistically significant. Statistical analyses were performed
using R version 3.1.0, Stata version 13 (Stata Corp, College
Station, TX) and ArraytrackTM.11

Results
Correlations among antibody levels

All 105 pairwise antibody correlations were statistically signif-
icant (p-values< 0.001). Four pairs of antibodies had q coef-
ficients >0.5, CagA vs. VacA (0.70), GroEL vs. NapA (0.62),
GroEL vs. HyuA (0.59) and HP305 vs. Omp (0.58). Of the
remainder, 57 pairs had coefficients between 0.25 and 0.5,
and 44 pairs had values <0.25, including two negative corre-
lations of CagA with UreA and NapA. Similar levels of corre-
lation were observed in country-specific analyses (data not
shown).

Demographic associations with antigen-specific

seroreactivity

Demographic characteristics of the study participants are pre-
sented in Supporting Information Table 1. Combining all indi-
viduals, seropositivity to H. pylori antigens ranged from 24%
(anti-Cad) to 80% (anti-Omp). The mean number of seroposi-
tive antibodies significantly (p< 0.001) varied by age group,

7.3 for those aged 30 years or less, 8.2 for those aged 31–50
and 8.6 for those 51 or older. Males were seroreactive to a
greater mean number of antibodies when compared to females
(8.7 vs. 7.7, respectively; p< 0.001). In age-, sex- and country-
adjusted models, seropositivity to Cad, CagA, Cagd, CagM,
GroEL, HP0231, HyuA, NapA and UreA was each significantly
associated with age, while seropositivity to GroEL, HcpC,
HP0305, HpaA, Omp and UreA was each significantly associ-
ated with sex (Supporting Information Table 2).

Risk area associations with antigen-specific seroreactivity

Figure 1 presents distributions of log-transformed MFI for
each antibody by risk area of residence. With minor differen-
ces, levels of individual antibodies were generally similar
between the two population groups. Also, the numbers of
seroreactive antibodies did not significantly differ between
residents of high- and low-risk areas (means 8.2 vs. 7.9,
respectively; p5 0.05; Supporting Information Fig. 2).

In country-specific analyses, high-risk area residence was
strongly associated with age- and sex-adjusted seroreactivity
to CagA, HP0231, NapA and Omp in Mexico, Catalase,
HP0231, NapA, Omp and VacA in Colombia and Catalase in
Chile (Table 1). Combining the three countries, only seropo-
sitivity to CagA, VacA and Catalase was associated with risk
area (Table 2). We found no evidence of effect modification
by sex for these antibodies. In stepwise regression adjusted
for country, age and sex, only VacA and Catalase were signif-
icantly associated, with ORs of 1.38 (p5 0.002) and 1.23
(p5 0.038), respectively. The AUC of this model, 0.57, was

Figure 1. Distribution of natural log-transformed antibody levels (MFI) to specific H. pylori antigens by risk area of residency.
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Table 1. Specific anti-Helicobacter pylori antibody prevalences (%) and associations with residence in high-risk areas by country

Helicobacter pylori antigens Mexico Colombia Chile

Short name
(gene symbol) Full name

High-risk
n5299/
low-risk
n5300

OR1

(p-value)

High-risk
n5294/
low-risk
n5296

OR1

(p-value)

High-risk
n5295/
low-risk
n5292

OR1

(p-value)

Cad (HP1104) Cinnamyl alcohol
dehydrogenase ELI3-2

18/21 0.77 (0.2) 27/24 1.14 (0.5) 30/26 1.19 (0.3)

CagA (HP0547) Cytotoxin-associated gene A 69/56 1.64 (0.004) 81/75 1.45 (0.068) 72/68 1.17 (0.4)

Cagd (HP0522) CAG pathogenicity
island protein 3

25/22 1.17 (0.4) 32/27 1.28 (0.2) 30/28 1.06 (0.7)

CagM (HP0537) CAG pathogenicity
island protein 16

22/19 1.18 (0.4) 30/27 1.14 (0.5) 30/27 1.10 (0.6)

Catalase (HP0875) Catalase 31/36 0.82 (0.2) 53/43 1.64 (0.004) 53/43 1.46 (0.024)

GroEL (HP0010) GroEL (also known as HSP60) 62/67 0.73 (0.07) 82/74 1.57 (0.03) 85/80 1.37 (0.2)

HcpC (HP1098) Cysteine-rich protein C 45/52 0.75 (0.08) 58/54 1.25 (0.2) 63/65 0.90 (0.5)

(HP0231) Hypothetical protein 44/57 0.56 (<0.001) 67/54 1.67 (0.003) 72/71 1.03 (0.9)

(HP0305) Hypothetical protein 46/56 0.71 (0.037) 64/60 1.25 (0.2) 72/66 1.33 (0.1)

HpaA (HP0410) Putative
neuraminyllactose-binding
hemagglutinin homolog

47/49 0.92 (0.6) 59/51 1.42 (0.039) 62/56 1.27 (0.2)

HyuA (HP0695) Hydantoin utilization protein A 46/49 0.78 (0.1) 59/50 1.41 (0.041) 64/65 0.91 (0.6)

NapA (HP0243) Neutrophil activating protein A 52/66 0.51 (<0.001) 75/63 1.69 (0.004) 78/76 1.06 (0.8)

Omp (HP1564) Outer membrane protein 65/74 0.64 (0.013) 88/80 1.99 (0.004) 87/86 1.09 (0.7)

UreA (HP0073) Urease alpha subunit 36/28 1.35 (0.09) 37/42 0.81 (0.2) 42/40 1.06 (0.7)

VacA (HP0887) Vacuolating cytotoxin A 63/55 1.33 (0.09) 79/68 1.73 (0.005) 71/67 1.20 (0.3)

1Adjusted for age and sex.
Abbreviation: OR: odds ratio.

Table 2. Specific anti-Helicobacter pylori antibody prevalences (%) and associations with residence in high gastric cancer risk areas among
all or seropositive individuals

All individuals Seropositive, !4 antibodies Seropositive, cluster defined

H. pylori antigens
High-risk n5888/
low-risk n5888

OR1

(p-value)
High-risk n5766/
low-risk n5755

OR1

(p-value)
High-risk n5623/
low-risk n5605

OR1

(p-value)

Cad 25/24 1.03 (0.8) 28/27 1.02 (0.9) 32/31 1.00 (0.9)

CagA 74/67 1.42 (0.001) 81/75 1.43 (0.004) 82/75 1.47 (0.007)

Cagd 29/26 1.17 (0.1) 33/30 1.15 (0.2) 38/33 1.19 (0.2)

CagM 27/25 1.14 (0.2) 31/28 1.13 (0.3) 34/31 1.14 (0.3)

Catalase 46/41 1.26 (0.017) 51/45 1.27 (0.023) 54/48 1.27 (0.036)

GroEL 76/74 1.11 (0.4) 87/84 1.17 (0.3) 96/93 1.71 (0.038)

HcpC 55/57 0.96 (0.6) 64/66 0.91 (0.4) 71/73 0.94 (0.6)

HP0231 61/61 0.99 (0.9) 70/71 0.97 (0.8) 80/81 0.94 (0.7)

HP0305 61/61 1.04 (0.7) 70/71 1.00 (0.9) 77/77 1.09 (0.5)

HpaA 56/52 1.20 (0.058) 63/60 1.18 (0.1) 70/66 1.27 (0.052)

HyuA 56/55 1.02 (0.9) 64/64 0.98 (0.8) 73/74 0.94 (0.6)

NapA 68/68 0.96 (0.7) 78/77 0.99 (0.9) 89/87 1.12 (0.5)

Omp 80/80 1.03 (0.8) 90/91 0.96 (0.8) 95/95 1.10 (0.7)

UreA 38/37 1.04 (0.7) 41/40 0.99 (0.9) 44/44 0.97 (0.8)

VacA 71/63 1.41 (0.001) 80/73 1.50 (0.001) 84/76 1.63 (0.001)

1Adjusted for country, age and sex.
Abbreviation: OR: odds ratio.
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not larger than the estimates, 0.57 and 0.56, from models
that included VacA and Catalase separately.

Sensitivity analyses among H. pylori-seropositive

individuals

Within individual countries, H. pylori seroprevalence as based
on !4 antibodies did not consistently vary by risk area (Sup-
porting Information Table 1). Compared to low-risk areas,
high-risk areas had lower (age- and sex-adjusted OR5 0.65,
p5 0.02) seroprevalence in Mexico, higher (adjusted
OR5 3.18, p< 0.001) seroprevalence in Colombia and simi-
lar (adjusted OR5 1.19, p5 0.6) seroprevalence in Chile. H.
pylori seroprevalence as based on cluster analyses also did
not consistently vary by risk area. Compared to low-risk
areas, high-risk areas had lower (adjusted OR5 0.65,
p5 0.014) seroprevalence in Mexico, higher (adjusted
OR5 1.75, p5 0.003) seroprevalence in Colombia and simi-
lar (adjusted OR5 1.14, p5 0.5) seroprevalence in Chile.

For the subset of samples from Chile (n5 587) with con-
ventional ELISA results, classification of H. pylori infection
status by the multiplex assay had moderate agreement (j
0.41 for !4 antibodies and 0.60 for cluster analysis).

In analyses restricted to seropositive individuals as defined
by !4 antibodies, high-risk area residence was associated with
seroreactivity to CagA, Catalase and VacA (Table 2), adjusted
for age, sex and country. Corresponding stepwise analysis
yielded a model including VacA (OR5 1.15, p< 0.001) and
Catalase (OR5 1.05, p5 0.029), with an AUC of 0.59. In par-
allel analyses restricted to seropositive individuals as defined
by cluster analysis, high-risk area residence was strongly asso-
ciated with seroreactivity to CagA and VacA and marginally
with Catalase, adjusted for age, sex and country. Correspond-
ing stepwise analyses yielded a model including VacA
(OR5 1.19, p< 0.001), Catalase (OR5 1.06, p5 0.016) and
GroEL (OR5 1.06, p5 0.040), with an AUC of 0.6. We found
no evidence of effect modification by sex for these antibodies.

Sensitivity analyses based on absolute mortality

Combining the three countries, only seropositivity to CagA
(b-coefficient5 0.104; p5 0.001), VacA (b-coefficient5 0.082;
p5 0.006) and Catalase (b-coefficient5 0.069; p5 0.015) was
associated with log-transformed mortality rates. Associations
restricted to H. pylori-seropositive individuals generally repli-
cated these significant associations (Supporting Information
Table 3).

Discussion
Gastric cancer is a major public health problem in Latin
America, where noncardia cancer is considered to represent
the most common subsite.3 This population-based study
using samples collected between 2003 and 2010 from adults
in three countries indicates that H. pylori infection was more
common in Latin America than in many other regions of the
world.12–14 Gastric cancer risk area was not associated with
overall H. pylori seroprevalence under either of our multiplex

definitions, similar to previous studies using conventional
ELISA serology.15,16

A unique feature of our study was the evaluation of multi-
ple antibodies against specific H. pylori proteins, potentially
integrating both bacterial factors and host response. The pro-
teins included in the multiplex assay are based on known
immunogenicity (UreA, Catalase, GroEL, NapA, CagA,
CagM, Cagd, HP0231, VacA and HpaA)17 or suggested sero-
logical association with gastric disease (Cad, HyuA, Omp,
HcpC and HP0305).18,19 Individuals in high-risk areas had
similar numbers of antibodies as those residing in low-risk
areas, but significantly higher seroreactivity to the established
virulence proteins, CagA and VacA, as well as Catalase. Anti-
body levels to CagA and VacA were highly correlated, thus
their associations were not independent. Multivariable analy-
ses including either all or seropositive individuals retained
VacA (and not CagA) as an important determinant of high
risk. The association of Catalase was independent from the
effects of either CagA or VacA. These population variations
parallel the higher antibody reactivities associated with gastric
cancer risk in previous retrospective5,20 and prospective7

case–control studies. While our findings may have etiologic
relevance, the low discriminatory power limits potential
application of protein-specific assays for gastric cancer risk
stratification.

Consistent with previously observed patterns,14 antigen-
specific seroreactivity increased with age and male sex. As these
characteristics are major determinants of gastric cancer risk,
variation in humoral response to H. pylori may have important
biological implications that warrant further examination.

Our main analysis using a relative classification of high
and low gastric cancer risk areas was based on variation in
mortality rates within each country. Nevertheless, there is
some degree of overlap in rates, such that gastric cancer mor-
tality in the high-risk area of Mexico (7.7/100,000 popula-
tion) is similar to the low-risk area of Chile (7.2/100,000
population). Accordingly, we performed a sensitivity analysis
of associations with absolute rates among all countries com-
bined, which largely replicated our findings from the
country-specific high–low classification.

Mechanisms by which CagA and VacA proteins may con-
fer gastric cancer susceptibility have been proposed. Follow-
ing translocation into the host epithelial cells, CagA
deregulates cell proliferation and motility.21 Also, strains that
deliver more CagA intracellularly are better able to degrade
p53 and have higher tumorigenic potential.22 VacA causes
vacuolization and pore formation, and disruption of endoso-
mal and lysosomal activity in host cells.23 The enzyme Cata-
lase plays an important role in protecting H. pylori from
oxidative damage, enabling the bacteria to resist reactive oxy-
gen species. Candidate vaccine studies in rodents have dem-
onstrated that anti-Catalase antibodies protect against H.
pylori infection.24 The molecular chaperone GroEL is
required for the proper folding of extracellular proteins and
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also binds iron, an essential element for the bacterial infective
process.25

This study has several important strengths. First, samples
were derived from large representative surveys. Second, con-
trasted populations greatly differed in gastric cancer mortal-
ity. Notably, the inclusion of individuals from three countries
prevented inappropriate generalization of country-specific
findings. Finally, both the relative and absolute analytical
approaches yielded similar results.

In conclusion, although some specific antibodies were
modestly associated with cancer risk area, humoral
responses are insufficient to distinguish between low and
high gastric cancer risk in Latin America. Factors contribut-
ing to population variation in gastric cancer risk remain to
be identified. Future studies should directly evaluate molecu-
lar features of H. pylori and other gastric microbiota, host
and environmental characteristics and the complex interplay
of these factors.
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