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Lack of Diagnostic Utility of Specific Immunoglobulin M
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ABSTRACT

Background: Helicobacter pylori infection results in a
systemic immune response characterized by the initial rise of
immunoglobulin (Ig) M followed by the elevation of IgG-
and IgA-specific antibody levels in serum. Age and regional
considerations may modify the accuracy of serological tests.
Objectives: To determine the accuracy of specific IgG, IgA,
and IgM in H pylori infection determination in different age
groups.
Patients and Methods: We enrolled 179 patients referred for
endoscopy. Patients were considered infected if they had
positive histological or urease test results for H pylori. Titers
of IgG, IgA, and IgM were determined in serum by enzyme-
linked immunosorbent assay. Through receiver operator
characteristic curves, cutoff, sensitivity, and specificity values
were obtained. Agreement and correlation between immuno-
globulin titers and inflammation markers were explored.
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for IgG and IgA. All diagnostic performance values were
lower for IgM. Agreement measures were approximately 0.5
in adults and reached values of approximately 0.7 for
adolescents and children. IgM had negative agreement with
other methods. There was a correlation between inflammation
markers, H pylori load, and immunoglobulin titers for IgG and
IgA. These associations decreased with age and were not
observed for IgM.
Conclusions: IgG and IgA serological tests reached high
performance values, particularly in children younger than
12 years old, indicating that they are reasonable screening
methods once cutoff values are adjusted to local population
and age. IgM does not present an additional contribution. JPGN
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Helicobacter pylori infection is acquired in childhood,
primarily before the age of 10 years in most populations,
and has the ability to persist for decades. These long-term
interactions between H pylori and the host significantly
increase the risk for peptic ulcer disease, noncardia
gastric adenocarcinoma, and non-Hodgkin lymphoma of
the stomach (1). Almost 50% of the world population is
infected by H pylori, and the prevalence of the infection is
higher in developing countries such as Chile, where 73% of
Hepatology, and Nutrition

son with countries with comparable H pylori rates (2–4).
Infection with H pylori results in systemic and local
immune responses, characterized by a initial elevation
of specific immunoglobulin (Ig) M followed by the rise
of IgG- and IgA-specific antibody levels in serum that
occurs only after IgM normalization (5,6).

The presence of IgG and IgA antibodies to H pylori in
human serum has been described as an indicator of
H pylori infection. Serological assays are unable to dis-
tinguish between current and past infection and do not give
additional information about inflammation or mucosal
damage. The use of serological assays is common in
epidemiological studies mainly because they are simple,
inexpensive, and less of a burden for the patient. The large
number of commercially available serological H pylori
kits has led to an increase in the number of studies that have
evaluated them before use in screening studies or clinical
authorized reproduction of this article is prohibited.

practice.
Although the use of serological tests for diagnosing

H pylori infection is common, the accuracy of commercial
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or in-house assays varies according to the antigen prep-
aration, location, and age of the population under study.
Tests validated in industrialized countries do not have the
same precision in developing countries (7), and their
efficiency for detecting infection in adults (8,9) may be
not as accurate with adolescents and children. The results
of serological assays in different populations have been
variable (10–12), with an extensive range of values for
sensitivity and specificity. To date, it remains unclear
whether the cutoff levels for positivity used in adults
are suitable for children of different ages as well (13,14).

In general, IgG positivity has been considered highly
sensitive and specific in the diagnosis of H pylori infection
in adults. Serological assays based on detecting levels of
IgA generally have lower values of sensitivity and speci-
ficity (15–17). IgM has been usually rejected in the
diagnosis of H pylori infection mainly because the low
levels of sensitivity and specificity reached by the com-
mercial or in-house assays compared with IgG and IgA
failed to discriminate between positive and negative results
(13,18,19). H pylori gastritis is a chronic rather than an
acute infection. Alem et al (20) proposed that the diag-
nostic value of IgM positivity may be used to determine
whether an acute infection exists. Thus, children younger
than 12 years old provide a unique opportunity, because
they have increased probabilities of recent infection, for
testing the accuracy of IgM titers in evaluating H pylori
infection. Therefore, the aim of this study was to determine
the accuracy of commercially available specific H pylori
IgG, IgA, and IgM in Chilean adult, adolescent, and
pediatric populations with the intent of using these tests
in further studies of H pylori infection in high-prevalence
pediatric populations.

PATIENTS AND METHODS

In a consecutive fashion, 179 patients with symptoms that
warranted upper gastrointestinal endoscopy were enrolled from
Hospital Clinico of the Pontificia Universidad Católica de Chile
and Hospital Dr Sótero del Rio in Santiago, Chile. The criteria for
patient inclusion were symptoms suggestive of peptic ulcer
disease (nocturnal or burning abdominal pain, chronic vomiting,
or hematemesis) or a history of recurrent abdominal pain plus a
first-degree relative with an endoscopically proven diagnosis of
peptic ulcer disease. Exclusion criteria included hemodynamic
instability and therapy with antibiotics or proton pump inhibitors
in the previous month. There were patients in the pediatric
(�12 years old), adolescent (>12 to <18 years old), and adult
(>18 years old) age ranges. A detailed clinical history was
obtained that included characteristics of the abdominal pain,
other clinical manifestations, family history of peptic ulcer
disease, and recent therapy with antibiotics, nonsteroidal anti-
inflammatory drugs, bismuth compounds, or acid-suppressing
drugs.

H pylori Infection Determination

SEROLOGICAL DIAGNOSIS
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On the basis of our previous observation that H pylori–
associated gastritis of the corpus is present only when antral
gastritis is present (21), we obtained 2 biopsy specimens from
the distal antrum of each patient during endoscopy to determine
H pylori status. One of the biopsy specimens was used for the
rapid urease test (Pronto Dry, Ecifarma) and the other for
histological staining. Serial sections of gastric tissue were
formalin fixed and embedded in paraffin, prepared with either
Warthin-Starry silver stain or hematoxylin and eosin stain, and
examined for the presence of H pylori and bacteria-associated
pathological changes. All of the histological assessments were
done on codified slides and performed independently by 2
experienced pathologists who were unaware of the results of
other tests. Specimens were graded according to the updated
Sydney classification (22). Because biopsy-based tests explore
only a small part of the gastric mucosa, there is a possibility of
sampling error that may underestimate H pylori infection, so a
patient was considered not to be infected by H pylori when the
results of both endoscopy-derived tests, the urease test, and the
histological stain were negative.

Determination of Serum IgG, IgA, and IgM Levels

Serum samples were collected before the endoscopic pro-
cedure and stored at �708C until used. The samples were then
analyzed with commercial immunoassays for the detection of
IgG, IgA, and IgM antibodies to H pylori (Immunolisa,
Orgenics, Israel). Samples were diluted 1:101. For IgA and
IgM assays, 50 mL of a neutralizing reagent for the neutraliz-
ation of IgG in samples was added in all sample wells before
100-mL aliquots of serum samples were transferred to each well
of a plate coated with inactivated H pylori antigens. Plates were
then incubated at 378C for 1 hour and washed. Next, 100 mL of
diluted tracer (a proteic buffer solution containing a specific
anti-hIgG, IgA, or IgM antibody labeled with horseradish
peroxidase) was added to each well and incubated again for
1 hour at 378C. The plates were washed again under the
previous conditions, and 100 mL of the Chromogen (tetra-
methylbenzidine)/substrate (hydrogen peroxide) mixture was
added to each well. After 20 minutes of incubation at room
temperature protected from the light, the reaction was stopped
with 100 mL of H2SO4 0.3 mol/L. Standard curves provided by
the manufacturer had increasing concentrations of recombinant
antibodies (IgG, IgA) against H pylori expressed as arbitrary
units per milliliter. For IgM, a standard curve was constructed
by use of the positive control as 100 AU/mL, and serial dilutions
were performed with sample diluents. Absorbance at 450 to
620 nm was used for all of the assays.

Statistical Analysis

Cutoff values for the 3 immunoglobulins were chosen on the
basis of receiver operating characteristic (ROC) curves. The x2,
Mann-Whitney, Kruskal-Wallis, and linear regression analysis
tests were used for comparison between groups. The k statistic
was used to calculate interagreement between methods.
P< 0.05 was considered statistically significant.

Ethical Approval
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signed informed consent forms before upper gastrointestinal
endoscopy was performed.

RESULTS

Patient Characteristics

In all, 179 patients were enrolled, 79 (44%) of whom
were adults with a mean age of 43.8� 14.7 years (X� 1
SD). We enrolled 52 (29%) adolescents and 48 (27%)
children with a mean age of 13.9� 0.8 and 9.3� 2.5 years,
respectively. Endoscopy determined H pylori infection
was present in 58% of adults, 62% of adolescents, and
25% of children. The occurrence of peptic ulcer disease
was in 6% in children, 14% in adolescents, and 6% in
adults (Table 1).

Serological Response to H pylori

Specific H pylori IgG and IgA increased with age in a
significant manner (P< 0.05). Adult patients had higher
titers of both specific immunoglobulins against H pylori
(51.3� 36.7 for IgG, 50.3� 38.9 for IgA) than did ado-
lescents (46.9� 35.6 for IgG, 38.6� 33 for IgA) and
children (18.9� 24 for IgG, 16.8� 24.3 for IgA), regard-
less of infection status determined by endoscopy-derived
methods. IgM titers were similar between age groups.
Positivity for H pylori was higher in adolescents and adults
than in children younger than 12 years old regardless of the
method used to determine infection status (endoscopy or
serum immunoglobulins). Specific titers for each immu-
noglobulin in the 3 age groups are shown in Table 1.

Serological Assay Performance

614 SERR
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We constructed ROC curves to obtain the best cutoff
values for IgG, IgA, and IgM antibodies in the adult,

TABLE 1. Patient

Children Ad

N (%) 48 (27)
Age, X�SD 9.3� 2.5 1
Endoscopy, n (%)

Normal 35 (73)
Gastropathyz 10 (21)
Ulcer 3 (6)

H pylori positive§, n (%) 12 (25)
IgG titers, X�SD 18.9� 24 46
IgA titers, X�SD 16.8� 24.3 3
IgM titers, X�SD 4.3� 3.6 4
IgG positive, n (%) 17 (35)
IgA positive, n (%) 15 (31)
IgM positive, n (%) 9 (19)

�
P< 0.05, x2.
yP< 0.05, Kruskall-Wallis test. Dunn post hoc test between children and a
zNonspecific endoscopic findings (erythema, congestion, erosions).
§ A patient is considered infected by H pylori if histological urease test re
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adolescent, pediatric, and total populations. Table 2
shows cutoff values, sensitivity, specificity, positive pre-
dictive value, negative predictive value, and area under
the ROC curve (AURC) as parameters for comparing
assay performance. Cutoff values for IgG and IgA
increased with age. Sensitivity and specificity values
remained near or above 70%, and AURC values were
also above 0.7 for all age groups. In general, assay
performance was better in the pediatric population,
specifically in children younger than 12 years old, reach-
ing values on the order of 90% for sensitivity and
specificity and 0.9 for AURC.

Cutoff values for IgM were not related to age. Children
younger than 12 years old had the higher cutoff values,
with 100% of sensitivity but poor specificity (25%). In
the adolescent and adult groups, the cutoff values were
rather similar, but sensitivity and specificity behaviors
were opposite: adolescents showed higher specificity
than sensitivity, and adults showed higher sensitivity than
specificity. The AURC reached approximately 0.5 for all
age groups. All of the diagnostic performance values
were considerably lower for all age groups with IgM in
comparison with IgG and IgA.

Agreement Between Methods

The k statistic was used as an agreement measure
between methods. We determined in each patient the
H pylori positivity according to the cutoff values obtained
for each immunoglobulin. Then these positive values
were compared with each other and with invasive tech-
nique results (our definition of H pylori positivity using
direct methods). In adults, most k values were close or

ET AL.
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inferior to 0.5, indicating a poor correlation between
methods. For adolescents and children, agreement
between IgG and IgA with invasive techniques and

characteristics

olescents Adults Total

52 (29) 79 (44) 179 (100)
3.9� 0.8 43.8� 14.7 25.9� 8.9

21 (40) 37 (47) 93 (52)
�

24 (46) 37 (47) 71 (40)
7 (14) 5 (6) 15 (8)

32 (62) 46 (58)
�

91(51)
.9� 35.6 51.3� 36.7y 41.3� 36
8.6� 33 50.3� 38.9y 37.9� 36
.5� 2.9 4.6� 4.2 4.5� 3.7
33 (63) 43 (54)

�
90 (50)

32 (62) 45 (57)
�

95 (53)
40 (77) 50 (63)

�
116(65)

dolescents and children and adults.

sults are positive.
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TABLE 2. Comparative sensitivity and specificity of 3
immunoglobulins in different age groups

Cutoff Sensitivity Specificity PPV NPV AURC

IgG
Children 13.25 100 88.9 75 100 0.963
Adolescents 22.23 96.9 90 93.9 94.7 0.922
Adults 43.01 71.7 72.7 78.6 64.9 0.735
Total 24.24 88.9 78.7 80.8 87.5 0.861

IgA
Children 12.74 100 91.7 80 100 0.951
Adolescents 23.44 90.6 85 90.6 85 0.866
Adults 32.21 73.9 69.7 77.3 65.7 0.738
Total 12.74 92.2 67.4 74.1 89.6 0.852

IgM
Children 5.12 100 25 30.8 100 0.569
Adolescents 2.4 31.2 85 76.9 43.6 0.553
Adults 2.89 71.7 51.5 67.3 56.7 0.56
Total 3.76 51.1 59.6 56.1 54.6 0.503

SEROLOGICAL DIAGNOSIS OF
between each other reached values of 0.7 and 0.8. We
obtained the best agreement between methods in the
adolescent patients. IgM compared with other isotypes
or compared with H pylori–direct diagnostic techniques
had a negative or zero k value, indicating that it had no
agreement or worse than chance agreement with IgG,
IgA, and invasive techniques for H pylori diagnosis,
regardless of the age group (Table 3).

Correlation Between Immunoglobulin Titers and
Mucosal Inflammation

To determine whether serological response to H pylori
was associated with bacterial load or gastric inflam-
mation, IgG, IgA, and IgM titers were compared with
mononuclear and polymorphonuclear cell infiltration

PPV¼ positive predictive value; NPV¼ negative predictive value;
AURC¼ area under the ROC curve.
yright © 2008 by Lippincott Williams & Wilkins.U

determined by histological score. Antibody titers such
as IgG and IgA, but not IgM, increased significantly in
parallel with bacterial load. The degree of mononuclear

TABLE 3. Method comparison: k

Adults k� Adolescents Children

Hp–IgGy 0.437 0.834 0.756
Hp–IgAy 0.456 0.713 0.800
Hp–IgMy 0.236 �0.142 0.016
IgG–IgAz 0.566 0.790 0.769
IgG–IgMz 0.049 �0.106 0.013
IgM–IgAz 0.109 �0.035 0.000

�
k¼ 1, perfect agreement between methods; k¼ 0, no agreement

between methods; k <0, agreement worse than chance.
yAgreement between immunoglobulin H pylori diagnosis and direct

methods for H pylori status as defined in Patients and Methods.
zAgreement between H pylori–IgG, H pylori–IgA, and H pylori–

IgM.
and polymorphonuclear cell infiltration was associated
with elevated IgG and IgA titers, but not IgM, in a
significant manner (P< 0.05). The correlation observed
between histological inflammation markers and immu-
noglobulins was stronger for IgG than for IgA. Children
younger than 12 years old present the higher R2 values for
IgG and IgA but not IgM. The associations between the
increasing immunoglobulin titers and inflammation mar-
kers had a tendency to decrease with age. There were no
associations between IgM titers and H pylori load or
mononuclear and polymorphonuclear cell infiltration
(Table 4).

DISCUSSION

Our study compared the performance of different
immunoglobulin commercial assays for diagnosis of
H pylori infection in patients of different ages in a
developing country with 73% of H pylori prevalence
in the general adult population (2).

We found a 50% prevalence of H pylori infection in a
selected population referred for upper endoscopy, includ-
ing children, as measured by direct endoscopy and biopsy
methods (ie, urease test). In agreement with previous
studies, we found an age-dependent increase in the
prevalence of H pylori infection characterized by a rise
in specific IgG and IgA titers and by an increment of
H pylori positivity according to the invasive tests (23–25).
Previous reports by our group and others have shown
different sensitivity and specificity in serological diagnosis
for different age groups and dependence of regionality in
the performance of serological tests. The cutoff values
suggested by manufacturers usually report sensitivity and
specificity >90%; however, this validation can be con-
sidered only with the original population used for the
validation studies, showing great differences in its beha-
vior if the population analyzed comes from a different
location, a developing country, or a different age group (7–
12). Children younger than 12 years old differ from
adolescents and adults in their antibody response to H
pylori, and their performance with adult cutoff values is
poor, so the use of lower cutoff values for the pediatric
population has been suggested (26–28).

Our results show that adjustment of cutoff values by
ROC analysis in different age groups significantly
increases the performance of commercial IgG and IgA
assays for the determination of H pylori infection. Per-
formance test values such as sensitivity, specificity, and
AURC are similar for adults if the cutoff value used is
calculated with the total of patients, including an age
range of 3 to 78 years old or with adults only. The
relevance of adjusted cutoff values by age groups is
shown clearly in the pediatric population. There was a
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significant increase in performance test values in ado-
lescents and especially in children younger than 12 years
old, reaching values for sensitivity and specificity >90%
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TABLE 4. Immunoglobulin titers and histological parameters

Children Adolescents Adults

IgG titers, UA/mL (X�SD)

Mononuclear cell infiltration
Absent 7� 6

�
14.5� 23

�
23.3� 25

�

Mild 44.1� 27 65.4� 27 61.7� 35
Moderate — 77.7� 34 76.3� 25
R2; correlation coefficienty 52.01; 0.72 44.8; 0.66 21.5; 0.46

Polymorphonuclear cell infiltration
Absent 11.3� 15

�
22.7� 30

�
0.5� 29

�

Mild 49.5� 32 72.6� 25 60.8� 38
Moderate 38.2� 0 62.7� 24 74.3� 28
Intense 53.3� 0 — —
R2; correlation coefficienty 31.3; 0.56 29.7; 0.54 22.7; 0.48

Bacterial load
Absent 13.9� 18

�
21.4� 31

�
35.2� 31

�

Mild 45.3� 40 61.7� 29 69.1� 38
Moderate 61.1� 44 72.4� 25 60.5� 31
Intense — 53� 0 —
R2; correlation coefficienty 29.2; 0.54 28.5; 0.53 11.7; 0.34

IgA titers, UA/mL (X�SD)

Mononuclear cell infiltration
Absent 5.9� 6

�
13.1� 24

�
18.8� 24

�

Mild 39.7� 31 53.2� 29 64.7� 38
Moderate — 59.9� 0.4 39� 7
R2; correlation coefficienty 41.6; 0.64 31.6; 0.6 18.8; 0.43

Polymorphonuclear cell infiltration
Absent 10� 15

�
17.9� 27

�
24.3� 22

�

Mild 41� 38 53.1� 27 64.3� 40
Moderate 53� 2 67� 16 75.2� 34
R2; correlation coefficienty 28.9; 0.53 37.9; 0.61 28.6; 0.53

Bacterial load
Absent 11.8� 17

�
16.6� 24

�
32.3� 28

�

Mild 43� 33 55.4� 31 72.3� 42
Moderate 58.6� 63 46.9� 25 56.5� 37
Intense — 63.5� 0 —
R2; correlation coefficienty 28.2; 0.53 20.3; 0.45 11.2; 0.33

IgM titers, UA/mL (X�SD)

Mononuclear cell infiltration
Absent 5.3� 5 4.1� 2.3 5� 3
Mild 3.2� 11 4.5� 3 4.2� 3
Moderate — 4.5� 1 5.1� 1
R2; correlation coefficient 7.2; �0.27 0.4; 0.06 0.76; �0.08

Polymorphonuclear cell infiltration
Absent 4.6� 4 4.3� 2 5.3� 6
Mild 3� 0.9 5.2� 4 3.6� 2
Moderate 3.6� 0 3.2� 1 4.9� 4
Intense 2.4� 0 — —
R2; correlation coefficient 3.6; �0.1 0.4; �0.07 0.52; �0.07

Bacterial load
Absent 4.4� 4 4.4� 2 4.8� 5
Mild 3� 1 4� 2.4 4.8� 4
Moderate 3.8� 0.2 6.3� 5 3.4� 2
R2; correlation coefficient 0.83; �0.09 0.79; 0.09 1.09; �0.1

�
P< 0.05. Kruskall-Wallis test between immunoglobulin titers and

histological scores in each age group.
yP< 0.05. For linear regression analysis between immunoglobulin

titers and histological scores in each age group.
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for IgG and IgA. IgM performed defectively and was not
able to discriminate positivity for H pylori in all age
groups. We also examined the agreement between
specific immunoglobulin determination and endo-
scopy-derived methods to further explore the accuracy
of the diagnostic performance of IgG, IgA, and IgM. We
found that IgG and IgA showed higher agreement
measures between each other and with direct determi-
nation of infection, especially in children, confirming
that the adjustment of the cutoff value increases the
accuracy of the determination of the infection. IgM
showed no agreement with other specific immunoglobu-
lins and with endoscopy-derived methods. Morris et al
(5) have proposed that IgG and IgA behave differently
from IgM in terms of kinetics. The rise of IgM occurs
shortly after H pylori colonization, followed by the rise
of serum IgG and IgA after IgM declines. In Chile, the
rate of H pylori infection is high in a nonsymptomatic
population, so the establishment of new infections in
adulthood is unlikely and may account for the poor
performance of IgM, mostly because it is present in
the acute phase of the infection. The fact that IgM titers,
but not IgG or IgA, are not modified by age (Table 1)
suggests that regardless of the age of acquisition, IgM is
not useful as a marker for H pylori infection. If IgM is not
detectable because of the length of time between first
exposure to the bacteria and time of serological deter-
mination, then we should expect a time-dependent
relation between age and titers. Although infection is
acquired in early infancy in developing countries, the age
range of our pediatric patients is broad enough to find
established H pylori infection already. This observation
may be confirmed by the overall good performance of
IgG in contrast to the poor performance of IgM sero-
logical tests.

The clinical significance of high levels of antibody
against H pylori is still unclear and with variable results
(29–31). We searched to discover whether an increased
bacterial load correlates with higher titers of anti–H
pylori antibody levels and those with severity of inflam-
mation. In this study, mononuclear and polymorphonuc-
lear cell infiltration and bacterial load, but not atrophy or
intestinal metaplasia, were correlated in a significant
manner with IgG and IgA, but not IgM antibody levels
in children, adolescents, and adults. The stronger
correlation values were found in children younger than
12 years old. The lack of correlation with IgM may be
related to the low performance values obtained by this
immunoglobulin. Probably the infection was already
established in our H pylori–positive study population,
accounting for the lack of contribution of IgM to the
diagnostic capability of serological tests and the low
correlation with inflammation markers associated with

ET AL.
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an established H pylori infection.
Although the serological determination of H pylori

infection has many limitations, mainly because it does
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not give information about pathological conditions
associated with the infection, the serological determi-
nation of H pylori using IgG and/or IgA is reliable for the
pediatric population. Simultaneous measure of IgM does
not contribute to enhanced capability of diagnosis. Our
study shows that the serological performance of com-
mercial assays is dependent on adjustment to local
population and age. Adjustment of cutoff values must
be made not only to correct the assay for the local
population, as shown in our previous study (19), but also
in different age groups to enhance the sensitivity and
specificity and general performance of serological assays
as well as correlations with bacterial load and mucosal
inflammation markers to fully validate these assays for
further use in research and for epidemiological studies in
children who do not require endoscopy-based evaluation.
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