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Background: Asthmatic patients have a TH2-predominant milieu that is associated with humoral immunity. However, little is
known about whether humoral immune responses to viral antigens differ between asthmatic and nonasthmatic children.

Objective: To determine whether humoral immune response differs in asthmatic patients vs nonasthmatic patients.
Methods: Measles virus specific IgG antibody levels were determined for the Rochester Family Measles Study cohort (n �

876), a convenience sample of healthy children 5 to 12 years of age in Rochester, MN. We conducted comprehensive medical
record reviews of 838 children who were eligible for this study. We determined the child’s asthma status at the time of
determination of antibody levels by applying predetermined criteria for asthma. Comparisons were made using the 2-sample t
test or �2 test.

Results: Of the 838 children, 156 (18.6%) had asthma at the time of the determination of antibody levels and were not taking
systemic steroids within 14 days of specimen collection. Among those with a nonequivocal antibody reading, the seropositive
response rates were similar in asthmatic patients and nonasthmatic patients (89.7% vs 90.3%, respectively; P � .83). However,
the equivocal response rates were slightly higher among asthmatic patients than nonasthmatic patients (6.4% vs 4.7%,
respectively).

Conclusion: Asthmatic children seem to have similar humoral immune responses to measles vaccine as those without asthma.
Although the findings reassure health care practitioners, whether this finding is generalizable to other vaccines and whether
asthmatic patients with low antibody levels have normal cell-mediated immunity need to be elucidated in future studies.
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INTRODUCTION
Measles remains a cause of major morbidity and mortality in
many developing countries, where more than 30 million
people are affected each year by the disease.1 In 2003, it was
estimated that there were 530,000 measles deaths globally.1

In Western countries, where measles has been largely elim-
inated, cases imported from other countries remain an impor-
tant source of outbreaks of measles.2–4 Since the measles
vaccine was licensed in 1963 in the United States, measles
incidence has declined significantly. However, measles out-
breaks still occur among children who were vaccinated with
1 dose (18% to 52% of measles cases during outbreak)5–7 or
even among those vaccinated with 2 doses (1% of cases)3,4,6

in the United States and elsewhere in developed countries.8,9

Therefore, measles is still a major public health issue not
only in developing but also in developed countries. Vaccina-
tion against measles virus is the primary measure to prevent
children from acquiring measles, and, thus, it is important to
identify possible biological mechanisms that lead to vaccine
failure. A previous study suggests a reciprocal counterregu-
lation of immunoglobulin isotype production in T-cell–de-
pendent immune responses (eg, IgG1, IgG2a, and IgE) by
interferon-� (ie, TH1 cytokine) and interleukin-4 (ie, TH2

cytokine).10 Thus, it can be hypothesized that individuals with
a TH2-predominant condition such as asthma may have a
different antibody response to microbial antigens (eg, vac-
cine). In support of this hypothesis, a previous study that
compared humoral immunity between asthmatic patients
(who were not taking steroids) and healthy individuals
showed that 13 (18%) of 74 asthmatic patients and 1 (1.3%)
of 74 healthy individuals failed to respond to tetanus toxoid
(P � .001),11 and another study reported that 10% of patients
with atopic dermatitis and none of healthy individuals failed
to respond to tetanus toxoid (P � .04).12 In addition, a lower
immunoglobulin level among asthmatic patients have been
suggested.13,14 Furthermore, potential suppression of cellular
immunity (which is still important for humoral immunity) by
a biased TH2 response or condition has been demonstrated for
both viral15–22 and bacterial infections.23,24 The mechanism for
poor humoral immunity in asthmatic or atopic patients is
unclear, although Poland et al25–29 have extensively docu-
mented the role of HLA type in measles vaccine response.
They found that certain HLA class II alleles (eg, HLA
DRB1*03) were associated with seronegativity. Our recent
study and others have reported that HLA DRB1*03 is asso-
ciated with childhood asthma.30–37 Taken together, it can be
hypothesized that asthmatic patients may have a decreased
measles vaccine response compared with nonasthmatic pa-
tients.

It is important to determine the relationship between mea-
sles vaccine response and asthma status in children for 2 main
reasons. One is its implications for public health. Measles is
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still responsible for major morbidity and mortality in devel-
oping countries; yet, asthma prevalence in developing coun-
tries (eg, 10.2% in Africa and 13.4% in Latin America) is not
much lower than that of developed countries (13% in Western
Europe).38 The other reason is that determining the relation-
ship between measles vaccine response and asthma status in
children is likely to advance our understanding of the rela-
tionship between asthma status and microbial infections, es-
pecially viral infections. Several studies have been conducted
to determine the protective effects of prior exposure to mea-
sles infection or vaccination on subsequent development of
asthma or atopic conditions (ie, the hygiene hypothesis).
Some studies supported the findings consistent with the hy-
giene hypothesis,39–42 others disputed it.43–48 These studies do
not provide clues for the influence of asthma status on mea-
sles vaccine response. Rather, evaluation of the impact of
asthma status on measles vaccine response helps us interpret
the results of such studies. For this reason, we sought to
determine the impact of asthma status on measles vaccine
response.

METHODS

Study Design and Setting
The study was a retrospective cross-sectional study. Roches-
ter, MN, has an excellent epidemiologic setting and advan-
tage in conducting a retrospective cohort study, because med-
ical care is virtually self-contained within the community,
and a unified medical record system has been maintained
among 2 medical centers for the past 90 years. This dossier-
type medical record contains all inpatient and outpatient data
that have been indexed in an automated form since 1935.49

Study Participants
The study protocol was approved by the institutional review
boards at both the Mayo Clinic and the Olmsted Medical
Center. Study participants were obtained from a previously
assembled study designed to examine the relationship be-
tween HLA type and measles vaccine response in a conve-
nience sample of children who were enrolled in the Rochester
Family Measles Project.26 Briefly, the original cohort of this
study was 876 healthy school children ages 5 to 12 years who
had been immunized with the measles-mumps-rubella
(MMR) II vaccine (Merck, West Point, PA) at approximately
15 months of age. At the time of the original study in 1990,
routine administration of a second MMR vaccine before
school entry was not recommended by the American Acad-
emy of Pediatrics.50 All participants resided in a geographic
area with no circulating measles virus; therefore, the presence
of measurable measles antibody could reasonably be attrib-
uted to the single dose of vaccine. The original study partic-
ipants were identified through the school district, and after
obtaining informed consent from parents and assent from the
participants, serum samples were collected from the children.
A variety of information on these children was obtained from
parental self-administered questionnaires from the original
study and medical records. For this study, 838 patients were

included. Of the 37 patients who were excluded, 24 parents
denied research authorization for access to their children’s
medical records. Thirteen additional children did not have the
necessary data for analysis and were excluded from the
analysis. Only 1 child took a systemic steroid within 14 days
before the specimen collection and was excluded from the
analysis, although a short period of systemic steroid admin-
istration has little influence on humoral immune response.
Because inhaled corticosteroid has been found not to affect
humoral immune responses, children who were taking in-
haled corticosteroid were included in the analysis.51,52

Dependent Variable
The dependent variable in this study was measles virus vac-
cine specific IgG level. The detailed procedures of measure-
ment of antimeasles antibodies were described previously.26

Briefly, circulating measles virus vaccine specific IgG anti-
body levels in the participants’ serum samples were deter-
mined by an IgG whole-virus specific enzyme immunoassay
(MeaslesELISA, BIoWhittaker, Walkersville, MD). Tests
were performed in duplicate, and the mean value was used for
the analyses. The coefficient of variation for this assay in our
laboratory was 6.63%. According to the manufacturer, optical
density readings of less than 0.8 index unit are negative, 0.8
to 1.0 are equivocal, and 1.0 or greater are positive. Subclass
of measles virus specific IgG was not determined in this
study. Because the clinical nature of equivocal response to
measles vaccine (ie, whether it is a suboptimal level for
protection from measles infection is not known), we excluded
equivocal responders (n � 42) from part of our analysis.

Independent Variables
The main independent variable (ie, predictor variable) in this
study was asthma status. The criteria for identifying incident
asthma cases have been previously described53 and are de-
tailed in Table 1. Briefly, the medical records of all study
participants were comprehensively reviewed to determine
whether they met predetermined criteria for asthma, and their
index date of asthma was abstracted. These asthma criteria
have been used in previous literature on asthma epidemiology
research.54,53,55–61 In this study, we combined both definite and
probable asthma as incident asthma cases, because most
(43/66) of the probable asthma cases became definite asthma
over time.53

In addition to demographic variables and asthma status, we
also obtained pertinent clinical variables to childhood asthma,
including family history of asthma or atopy. For family
history of asthma or atopy of the participants and their first-
degree relatives, we reviewed medical records of the first-
degree relatives of the study participants when the study
participants’ medical records did not indicate the status. We
applied the same criteria, outlined in Table 1, for asthma to
first-degree relatives to ascertain whether the first-degree
relatives of the study participants have asthma. We deter-
mined atopy status (ie, allergic rhinitis, hay fever and atopic
dermatitis) of the first-degree relatives of the study partici-
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pant by using physician diagnoses in medical records. We
identified patients with single wheezing episodes who had not
met the criteria for asthma.

Statistical Analysis
Demographic and clinical characteristics were compared be-
tween participants with a seronegative vs seropositive mea-
sles vaccine response using the �2 test, Wilcoxon rank sum
test, and 2-sample t test, as appropriate. Among those with a
nonequivocal antibody reading, the seropositive response

rates were compared between asthmatic patients and nonas-
thmatic patients with the �2 test. The mean measles virus
specific IgG level was compared between asthmatic patients
and nonasthmatic patients using the 2-sample t test. All
calculated P values were 2-sided, and P � .05 was considered
statistically significant. The poststudy statistical power to
detect an odds ratio of 0.85 (eg, 16% vs 13.9%) was 10%.
The analysis was performed using SAS statistical software
(SAS Institute Inc, Cary, NC).

RESULTS
Of the 838 children who had undergone measurement of
measles virus specific IgG levels and met the inclusion cri-
teria for this study, 50.7% were male and 93% were white.
The mean and median age at the time of enrollment in the
original study was 8.8 and 9.0 years, respectively. The de-
mographic and clinical characteristics of the study partici-
pants and their relation to measles vaccine responses are
summarized in Table 2. Overall, 42 children (4.8%) had an
equivocal measles vaccine response. Of the children with a
nonequivocal response, 718 (90.2%) had a seropositive re-
sponse. The mean time from immunization to blood draw was
significantly shorter for the children who had a seropositive
response (P � .009). In addition, there was a tendency for
children with a seropositive response to be more likely to
have a mother with a higher education level (P � .06) and to
be less likely to have a family history of atopy (P � .09).

The results of the relationship between measles virus spe-
cific IgG levels and asthma status are summarized in Table 3.
A total of 156 children (18.6%) met the criteria for either
definite or probable asthma by the time of measurement of
measles vaccine response. The median and mean age at index
date for asthmatic patients was 4 and 3.9 years, respectively.
The median follow-up period was 13 years. Both measles
virus specific IgG levels and the proportion of measles vac-
cine responders were not different between asthmatic and
nonasthmatic patients. Of 156 asthmatic children, 10 (6.4%)
had an equivocal response, compared with 32 (4.7%) of the
nonasthmatic children. Among those with a nonequivocal
antibody reading, the seropositive response rates were similar
in asthmatic patients and nonasthmatic patients (89.7% vs
90.3%, respectively). The mean antibody level in asthmatic
children was not different from those in nonasthmatic chil-
dren (mean [SD], 1.79 [0.83] vs 1.83 [0.78], respectively;
P � .55).

DISCUSSION
Our study results suggest that asthmatic children seem to
have normal antibody response to the first measles virus
vaccine administered at approximately 15 months of age
despite the speculation that asthmatic patients may have a
different humoral and cellular immune response to microbial
antigens. Also, the underlying genetic factors reflected in a
family history of asthma or atopy did not seem to affect the
antibody response either. Also, it clarifies that the positive
association between exposure to measles infection and sub-

Table 1. Asthma Criteria

Patients were considered to have definite asthma if a
physician had made a diagnosis of asthma and/or if each of
the following 3 conditions were present. They were
considered to have probable asthma if 2 of the following
conditions were present:

1. History of cough, dyspnea, and/or wheezing OR history of
cough and/or dyspnea plus wheezing on examination

2. Substantial variability in symptoms from time to time or
periods of weeks or more when symptoms were absent,
and

3. Two or more of the following:
● Sleep disturbed by nocturnal cough and wheeze
● Nonsmoker (14 years or older)
● Nasal polyps
● Blood eosinophilia �300/�L
● Positive wheal-and-flare skin test results OR elevated

serum IgE levels
● History of hay fever or infantile eczema OR cough,

dyspnea, and wheezing regularly on exposure to an
antigen

● Pulmonary function tests showing one FEV1 or FVC
�70% predicted and another with at least 20%
improvement to an FEV1 of �70% predicted OR
methacholine challenge test showing 20% or greater
decrease in FEV1

● Favorable clinical response to bronchodilator
Patients were excluded from the study if any of these

conditions were present:
● Pulmonary function tests that showed FEV1 to be

consistently below 50% predicted or diminished diffusion
capacity

● Tracheobronchial foreign body at or about the incidence
date

● Hypogammaglobulinemia (IgG �2.0 mg/mL) or other
immunodeficiency disorder

● Wheezing occurring only in response to anesthesia or
medications

The following diseases excluded the patient from study if they
occurred before the incidence date:
● Bullous emphysema or pulmonary fibrosis on chest

radiograph
● �1-antiprotease phenotype ZZ �1-antitrypsin
● Cystic fibrosis
● Other major chest disease such as juvenile kyphoscoliosis

or bronchiectasis

Abbreviations: FEV1, forced expiratory volume in 1 second; FVC,
forced vital capacity.
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sequent development of asthma status is not mediated
through a reduced antibody response to measles virus among
asthmatic children.

Our data indicate that mean � SD measles virus specific
IgG level (1.78 � 0.83) and the proportion of measles vac-
cine responders (89.7%) in asthmatic patients is not different
from those of nonasthmatic children (1.83 � 0.77 and 90.3%,
respectively). However, there is a tendency for asthmatic
children to have higher seronegative or equivocal responses
(16.0%) to measles vaccine compared with those (13.9%) of
nonasthmatic children, although this finding is not statisti-

cally insignificant (P � .26). In addition, children with a
family history of atopy have a similar tendency (a higher
seronegative response, 11.8%) compared with those without
a family history of atopy (7.9%) (P � .09). If we assume that
equivocal response to measles vaccine is a suboptimal pro-
tective level from measles infection, considering our study’s
statistical power to detect a small effect, a large-scale study
may be needed to determine the influences of these tenden-
cies on susceptibility to measles infection. At any rate, de-
spite previous speculation on the potential decreased humoral
immune response in asthmatic patients mediated through

Table 2. Demographic and Clinical Characteristics and Measles Virus Vaccine Response*

Characteristics Seronegative (n � 78) Seropositive (n � 718) P value

Time from immunization to blood draw, y .009
No. of subjects 77 714
Mean (SD) 8.4 (2.3) 7.7 (2.2)
Median 8.7 7.7
Tertile (tertile 1–tertile 3) 6.6–10.5 5.8–9.5

Sex, No. (%) .51
Male 37 (47.4) 369 (51.4)
Female 41 (52.6) 349 (48.6)

Race, No. (%) .51
Asian 2 (2.6) 16 (2.2)
Black 0 (0) 5 (0.7)
White 74 (94.9) 667 (92.9)
Native Indian 0 (0) 1 (0.1)
Other 2 (2.6) 29 (4)

Education of mother, No. (%) .06
Unknown 27 305
Less than high school 1 (2) 3 (0.7)
High school 8 (15.7) 50 (12.1)
Some college 27 (52.9) 181 (43.8)
College degree 15 (29.4) 179 (43.3)

Family history of asthma, No. (%) .64
Unknown 12 98
No 40 (60.6) 394 (63.5)
Yes 26 (39.4) 226 (36.5)

Family history of atopy, No. (%) .09
Unknown 14 110
No 31 (48.4) 361 (59.4)
Yes 33 (51.6) 247 (40.6)

* Children with an equivocal measles virus vaccine reading (n � 42) were excluded from the analysis.

Table 3. Relationship Between Asthma Status and Measles Virus Vaccine Response

Nonasthmatic (n � 682) Asthmatic (n � 156) P value

Proportions of measles vaccine responders, No. (%) .83
Seronegative 63 (9.7) 15 (10.3)
Seropositive 587 (90.3) 131 (89.7)
Equivocal 32 10

Measles virus specific IgG level, mg/dL* .55
Mean (SD) 1.83 (0.78) 1.79 (0.83)
Median 1.79 1.75
Tertile (tertile 1-tertile 3) 1.31–2.32 1.12–2.28

* If the children with an equivocal reading are removed from the analysis, the results are as follows: nonasthmatic children: mean (SD), 1.87 (0.77);
median, 1.83; tertile 1 to 3, 1.37 to 2.35; asthmatic children: mean (SD), 1.85 (0.83); median, 1.82; tertile 1 to 3, 1.21 to 2.37; P � .69.
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HLA type (ie, association of HLA DRB1*03 with both sero-
negativity of measles vaccine response and childhood
asthma), our study does not support such speculation. How-
ever, our study findings still raise a few important immuno-
logic questions. Can our study findings be applied to humoral
immune response to other vaccines or microbial antigens? Do
children with vaccine failure have normal cell-mediated im-
munity, because almost 16% of our study participants had
subprotective antibody levels?

For the first question, the literature suggests that antibody
responses to vaccines in asthmatic patients have been heter-
ogeneous; thus, our study findings may not be generalizable
to other microbial antigens. For example, Grove et al11,12

reported that 18% and 10% of patients with asthma or atopic
dermatitis failed to respond to tetanus toxoid, respectively,
but almost all asthmatic patients showed a normal antibody
response to Salmonella typhi. This poor antibody response to
tetanus toxoid in asthmatic patients, who were not receiving
systemic steroid therapy, was supported by another study,
although the study did not include a control group.14 On the
other hand, Hamilos et al14 reported that all asthmatic patients
(n � 9) showed normal antibody responses to pneumococcal
antigens (3, 7F, 9N, and 14) except 1 asthmatic patient who
failed to respond to 7F. This study finding was supported by
others.62 However, little is known about the impact of asthma
status on antibody response to viral antigens. A few previous
studies suggest that asthmatic patients had compatible anti-
body response to influenza A51,63 and varicella vaccine52 but
had a decreased antibody response to influenza B vaccine,
perhaps due to steroid intake. In addition to microbial factors,
host factors also play a significant role in determining hu-
moral immune response to microbial antigens. For example,
a genetic factor such as HLA type plays a significant role in
humoral immune response to measles virus antigens.25,64,65

Also, poor antibody response to a vaccine among asthmatic
patients has been attributed to systemic steroid intake or
high-dose inhaled corticosteroid, although it may be a surro-
gate indicator for severe asthma, and, thus, it may be difficult
to discern the impact of severe asthma on humoral immune
response.13,51 Our study is limited in addressing this concern.
Therefore, although our study finding suggests normal hu-
moral immune response to measles virus vaccine, it may not
be generalizable to other microbial antigens, because heter-
ogeneity of host (eg, severity of asthma or genetics) and
microbial factors (eg, antigenic structure and properties)29,66

may elicit different humoral immune responses. Given the
heterogeneity of humoral immune responses to microbial
antigens among asthmatic patients, we urge caution when
using seroprevalence of an antibody as a marker for exposure
to microbial infections in relation to subsequent development
of asthma unless the nature of the humoral immune response
to a specific microbial antigen is clearly understood.

For cell-mediated immunity in children with vaccine fail-
ure, most healthy children who had measles virus vaccine
failure had normal cellular immunity, which plays a protec-
tive role in seronegative individuals.67,68 Is it true for asth-

matic children? This may be an important question to ad-
dress, because we found a significant proportion of asthmatic
patients with vaccine failure (9.6%) or equivocal vaccine
response (6.4%). However, this may be a difficult question to
answer, because the inverse relationship between cell-medi-
ated immunity and atopic disorder has been reported.11,12,69

For example, a previous study reported that 8 (9.2%) of 87
asthmatic children and adults and 1 (1.2%) of 86 healthy
individuals failed to mount delayed-type hypersensitivity re-
sponse (P � .02)11 and 45% of patients with atopic dermatitis
and 27% of healthy individuals failed to show delayed-type
hypersensitivity response (P � .001).12 In support of this
speculation, potential suppression of cell-mediated immunity
by a biased TH2 response has been demonstrated for both
viral15–22 and bacterial infections.23,24 Also, measles virus vac-
cination itself results in suppression of lymphoproliferative
response (ie, cell-mediated immunity) and TH2-predominant
cytokine responses (ie, increased production of interleukin-
4).70 This issue is further complicated by a recent study
finding that suggested that the cytokine responses after mea-
sles virus vaccine are associated with genetic factors such as
HLA class II genes.71 Therefore, we have only circumstantial
evidence that asthmatic children who have measles vaccine
failure may have much more severe disease or higher mor-
tality when they acquire measles compared with nonasth-
matic children with vaccine failure. This speculation may
explain the study findings on the inverse relationship between
measles infection during childhood and subsequent develop-
ment of asthma due to increased disease severity or mortality
to measles among asthmatic children, leading to a selection
bias with another postulated mechanism (ie, defect in inter-
feron-�72 and interferon-�73,74 in asthmatic patients).

The strengths of our study include the epidemiologic ad-
vantage of our study environment (ie, unified medical record
system in self-contained health care environment), elimina-
tion of confounding effect of systemic steroids on the study
findings, and ascertainment of asthma status by predeter-
mined criteria. However, there are also inherent limitations in
our study because of its retrospective design. Because our
study population is predominantly white (93%), our results
may not be generalizable to populations of other races or
ethnicity. However, at cost of external validity, internal va-
lidity can be enhanced (ie, minimizing the confounding effect
of ethnicity or race on measles vaccine responses).64

In conclusion, our study results suggest that asthmatic
children seem to have normal antibody response to measles
virus vaccine. This finding should reassure public health
officials, practitioners, and parents and clarifies that the pre-
viously reported relationship between exposure to measles
infection and subsequent asthma status is not mediated
through a reduced antibody response among asthmatic chil-
dren. However, whether the study findings can be applied to
other vaccines and whether asthmatic patients with vaccine
failure have normal cell-mediated immunity need further
study.
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