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Background: Pregnancy alters the function of many body systems, including the immune system. However, little is known
regarding the effect of pregnancy on maternal IgE levels or atopy.

Objective: To determine whether pregnancy consistently influences serum levels of total or allergen specific IgE.
Methods: Blood samples were obtained from 764 women during the third trimester of pregnancy and 1 month post partum.

A third sample was obtained from 106 of these women 1 year post partum. Samples were analyzed for total and specific IgE to
8 regionally common allergens using a commercially available system. Sensitization was defined as an allergen specific IgE level
of 0.35 kU of allergen per liter or higher to any allergen.

Results: Total IgE increased significantly post partum, both at 1 month (40.36 vs 35.37 IU/mL intrapartum; P � .001) and
at 1 year (44.97 vs 37.00 IU/mL intrapartum; P � .005). Allergen specific IgE decreased significantly at 1 month for cat, dog,
ragweed, timothy grass, and egg (P � .001 to P � .02) but not for dust mite, cockroach, or Alternaria (P � .15 to P � .90).
Similar patterns of change in total and specific IgE were seen at 1 year. However, on average, only 3.5% of participants changed
sensitization status to the individual allergens studied during the 1 year of observation.

Conclusions: Compared with intrapartum levels, total IgE levels increased significantly at 1 month and 1 year post partum.
Conversely, at the same time points, IgE levels specific for common allergens significantly declined to most but not all allergens.
Few women changed their sensitization status over 1 year.
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INTRODUCTION
Normal pregnancy causes profound changes in almost every
female organ system to meet the physiologic needs of both
the fetus and the placenta. For example, maternal cardiac
output increases by 30% to 50% during normal pregnancy.1–3

In addition, maternal plasma volume increases by 10% to
15% at 6 to 12 weeks gestation and then continues to expand
until approximately 34 weeks gestation.4–6

To prevent rejection of the developing fetus, significant
immunologic and anatomical adaptations must occur within
both the mother and the fetus.7,8 Fetal trophoblast cells protect
the developing embryo from potentially harmful components
of the maternal immune system. HLA class 1 expression on
trophoblast cells is strictly regulated, most likely to prevent
maternal immune cells from attacking foreign (paternal) HLA
class 1 antigens.8 Trophoblast cells also express high levels of
membrane cofactor protein (CD46) and decay accelerating
factor, which prevent complement activation and possible

destruction of fetal cells.9 Tolerance to fetal tissue is en-
hanced by placental production of various immunosuppres-
sive molecules, such as progesterone, prostaglandin E2, and
anti-inflammatory cytokines (eg, interleukin [IL] 10 and IL
4).8,10 In the uterus, T- and B-cell numbers decrease, whereas
specialized natural killer cells and macrophages become more
predominant.8 All together, these adaptations result in a ma-
ternal-fetal interface characterized by normal innate immune
responses and diminished adaptive immunity.

The effect of pregnancy on asthma symptoms and severity
has been evaluated in numerous studies. Pregnancy has a
variable effect on asthma symptoms.11–15 It is generally ac-
cepted that asthma symptoms improve in one-third of preg-
nant women, worsen in one-third of women, and are un-
changed in another third.11–14 Although it is difficult to predict
the effect of pregnancy on an individual woman’s asthma,
there is evidence to suggest that women with milder asthma
are less likely to worsen during pregnancy than those with
severe asthma.11,14–16 In contrast, the question of whether
pregnancy could affect maternal allergic status or IgE levels
has not been well studied. Amino et al17 measured serum
levels of immunoglobulins at various times during pregnancy
for 11 women and reported statistically significant decreases
in IgG, IgA, and IgM, but not IgE, in the second and third
trimesters of pregnancy. The authors of this study attributed
the decrease in immunoglobulin concentration to a combina-
tion of hemodilution and immune suppression. They did not
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follow immunoglobulin levels after delivery. A more recent
study evaluated the effect of pregnancy on cytokine produc-
tion (IL-1�, IL-6, IL-10, and IL-12) in response to stimula-
tion of various arms of the immune system.18 The authors of
this study incidentally observed that in allergic women (as
defined by clinical history and skin prick testing), total IgE
levels were significantly lower 2 years after pregnancy com-
pared with intrapartum levels. However, Abraham et al19

demonstrated a 54% prevalence of seroatopy (�1 allergen-
specific IgE level of �0.35 kUa/L [kilounits of allergen per
liter]) in a large cohort of pregnant women (the same cohort
as in the present study), which was similar to the prevalence
of all women having at least 1 positive skin test response
(49.2%) in the Third National Health and Nutrition Exami-
nation Survey study.20 When these findings are considered
together, it appears less likely that pregnancy significantly
alters IgE production.

The objective of this study was to determine whether
pregnancy influences serum levels of total or allergen specific
IgE using an ethnically mixed population-based cohort of
women. We also examined whether these IgE levels were
affected by ethnicity or the presence of self-reported allergic
disease (asthma or allergic rhinitis).

METHODS
Data for this study were collected as part of the Wayne
County Health, Environment, Allergy, and Asthma Longitu-
dinal Study being conducted in Wayne County, Michigan
(Detroit and the western suburbs), as previously described.19

Participants were women, aged 21 to 49 years, in the second
trimester of pregnancy or later. Serum was obtained from all
participants during the third trimester of pregnancy, then at
approximately 1 month and 1 year after delivery. Study
recruitment continued over 4 years, with approximately equal
numbers of serum samples being obtained in each month of
the year. The samples were analyzed for total IgE and for
specific IgE to 8 regionally common allergens: Dermatopha-
goides farinae (dust mite), cat, dog, Blatella germanica (Ger-
man cockroach), Ambrosia artemisiaefolia (ragweed),
Phleum pratense (timothy grass), hens’ egg, and Alternaria

alternata. Measurements of allergen specific IgE were per-
formed using a commercially available system (Phadia Uni-
CAP system; Phadia AB, Portage, Michigan). Seroatopy was
defined as having at least 1 allergen specific IgE level of 0.35
kUa/L or greater to any given allergen. The specific IgE
assays were able to measure IgE to a level of 0.1 kUa/L.
Undetectable levels of specific IgE were assigned a value of
0.05 kUa/L for purposes of computing geometric mean IgE
values. There were no undetectable total IgE values.

Statistical analysis was performed on data from 764
women comparing IgE levels in the third trimester with those
at 1 month post partum. For comparison between the third
trimester and 1 year post partum, a random sample of 106
participants was examined. At recruitment, each woman was
interviewed regarding her asthma and allergy history. The
women were subsequently classified according to the pres-
ence of asthma (self-reported or physician diagnosed) in the
past 12 months and allergic rhinitis (self-reported or physi-
cian diagnosed) during their lifetime. Because of the nonnor-
mality of total and specific IgE distributions, geometric
means were calculated. Comparisons from one period to the
next were done using nonparametric tests: the Wilcoxon
matched-pairs signed-rank test and the Friedman test. Ap-
proval for this study was obtained from both the Henry Ford
Health System, Detroit, Michigan, and the Medical College
of Georgia, Augusta, human rights committees, and written
informed consent was obtained from all participants.

RESULTS
Total IgE measurements were performed on the serum sam-
ples of 764 women while the number of specific IgE mea-
surements varied slightly because of insufficient serum vol-
ume for testing all allergens. Third trimester serum samples
were collected at an average of 1.3 months (interquartile
interval, 0.6–1.9 months) before delivery. Samples for 1
month post partum were collected at an average of 1.2
months (interquartile interval, 0.9–1.6 months) after delivery.
The results of comparison between the third trimester and 1
month post partum are given in Table 1. At the population
level, total IgE increased a small but statistically significant

Table 1. Geometric Mean Total and Allergen Specific IgE During the Third Trimester Compared With 1 Month Post Partum

Variable No. of patients
IgE level, mean (95% confidence interval)a

P valueb

Third trimester 1-mo Post partum

Total IgE 764 35.370 (31.780–39.360) 40.360 (36.270–44.910) .001
Dust mite 740 0.089 (0.076–0.104) 0.089 (0.076–0.104) .90
Cat 739 0.066 (0.057–0.077) 0.062 (0.053–0.072) .001
Dog 741 0.082 (0.072–0.093) 0.078 (0.068–0.088) .01
Cockroach 739 0.055 (0.049–0.062) 0.052 (0.046–0.058) .74
Ragweed 739 0.176 (0.151–0.205) 0.161 (0.138–0.188) .001
Timothy grass 740 0.087 (0.073–0.104) 0.085 (0.071–0.102) .006
Hens’ egg 741 0.054 (0.051–0.057) 0.049 (0.046–0.052) .02
Alternaria 737 0.116 (0.014–0.132) 0.108 (0.094–0.123) .15

a For total IgE, levels are given as international units per milliliter, and for allergen specific IgE, levels are given as kilounits of allergen per liter.
b Determined by the Wilcoxon matched-pairs signed-rank test.
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amount from late in pregnancy to 1 month after delivery
(from 35.37 to 40.36 IU/mL; P � .001). In contrast to the
total IgE results, analysis of allergen specific IgE revealed
statistically significant decreases at 1 month post partum for
all allergens (P � .001 to P � .02), except for D farinae (P �
.90), cockroach (P � .74), and Alternaria (P � .15).

A random sample of 106 women were included in the
comparison of total and allergen specific IgE between the
third trimester and 1 year post partum (Table 2). Samples for
1 year post partum were collected at an average of 13.8
months (interquartile interval, 12.8–14.5 months) after deliv-
ery. There was a statistically significant increase in total IgE
during this period (P � .005). However, all allergen specific
IgE levels were statistically significantly decreased during the
interval (P � .001 to P � .01), except for IgE specific to
timothy grass (P � .07).

Despite the statistically significant decreases in allergen
specific IgE to the 8 common allergens tested, there was only
a small percentage (2.1%–7.0%) of patients who changed
sensitization status to an individual allergen (Table 3). Most
of the changes in sensitization status were due to small
changes in specific IgE and may have been due to normal
variation of the assay. Larger changes in specific IgE were
less frequent—only 6 of 28 changes were of more than 1
kUa/L. These findings were not significantly affected by race
(data available on request). Interestingly, the women with
self-reported histories of asthma (Table 4) and allergic rhini-
tis (Table 5) were less likely to demonstrate significant in-
creases in total IgE and decreases in specific IgE.

DISCUSSION
To our knowledge, this is the first study examining the
possible effect of pregnancy on total and allergen specific IgE
levels in a large, multiracial cohort of women who were not
selected for allergic disease. Compared with intrapartum lev-
els, our data demonstrate a statistically significant increase in
total IgE levels at 1 month and 1 year after delivery. In
contrast to the total IgE results, analysis of allergen specific
IgE revealed statistically significant decreases at both 1
month and 1 year after delivery for nearly all allergens.

Although these changes were statistically significant, they are
unlikely to be clinically important because IgE sensitization
status, either sensitized or not sensitized, changed in less than
5% of women for all allergens except cockroach (7%), and
only 2 of the 106 women developed new sensitivities.

It is likely that the total IgE level during the third trimester
appears low compared with postpartum levels because of the
hemodilution seen during pregnancy. During the third trimes-
ter, maternal plasma volume increases by 1,100 to 1,600
mL.4,6 This results in a total plasma volume of approximately
4,700 to 5,200 mL, which is 30% to 50% higher than that
found in nonpregnant women. After delivery, plasma volume
is still elevated by 10% to 15% 3 weeks after delivery and
decreases to normal nonpregnant levels at approximately 6
weeks post partum. When these estimated plasma volume
changes are applied to our data, the difference in total IgE
before and 1 month after delivery is negligible. However, the
decline in allergen specific IgE concentrations after delivery
seen in our data argues against plasma volume contraction as
the potential mechanism for the increase in total IgE post
partum. We do not think that the decline in specific IgE levels
is a result of multiple testing or statistical error because the
decline was consistently seen in all but 1 of the allergens. It
may be that pregnancy causes a gradual decline in specific
IgE over time, but we could not find any additional studies to
support this speculation.

Amoudruz et al18 investigated the possible effect of preg-
nancy on cytokine production in response to stimulation of
the innate and adaptive immune systems. This study also
evaluated total IgE levels in allergic and nonallergic pregnant
women during the third trimester, at delivery, and 2 years
after delivery. The classification of “allergic” was based on
clinical history and skin prick testing (skin test result consid-
ered positive if the wheal diameter after 15 minutes was �3
mm). Interestingly, the total IgE level of allergic women was
significantly lower 2 years after delivery than during preg-
nancy. This is in contrast to the results of our study, in which
the total IgE level increased at both 1 month and 1 year
compared with intrapartum levels. The women in our study
with a self-reported history of asthma and/or allergic rhinitis

Table 2. Geometric Mean Total IgE and Allergen Specific IgE During the Third Trimester Compared With 1 Month and 1 Year Post Partuma

Variable No. of patients Third trimester levelb 1-mo Post partum levelb 1-y Post partum levelb P valuec

Total IgE 106 37.000 40.250 44.970 .005
Dust mite 99 0.108 0.110 0.084 .01
Cat 98 0.099 0.082 0.066 .001
Dog 100 0.115 0.094 0.091 .007
Cockroach 100 0.060 0.044 0.041 .001
Ragweed 100 0.224 0.191 0.146 .001
Timothy grass 99 0.088 0.081 0.069 .07
Hens’ egg 95 0.093 0.065 0.044 .001
Alternaria 100 0.167 0.128 0.070 .001

a For total IgE, levels are given as international units per milliliter, and for allergen specific IgE, levels are given as kilounits of allergen per liter.
b Geometric mean values differ from those in Table 1 because they are from 95 to 106 women rather than 739 to 764 women.
c The Friedman test was used to calculate P values comparing third trimester with 1-year postpartum levels.
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were less likely to demonstrate an increase in total IgE after
delivery.

The possible impact of maternal IgE level on offspring has
been studied. Liu et al21 found that maternal total IgE corre-
lates with elevated infant IgE levels and the subsequent
development of infantile atopic dermatitis. The prominent
effect of maternal atopy on cord blood IgE has also been well
described in the literature.22,23 Furthermore, Bertino et al24

recently demonstrated a positive correlation between mater-
nal and cord blood specific IgE to cow’s milk protein. Inter-
estingly, there are studies that suggest a decline in maternal
IgE levels with increasing order of live offspring.25 This
assertion is strengthened by several studies that have demon-
strated a decreased risk of childhood atopic disease with
larger family size and higher birth order.26

There are numerous strengths to our study. Our cohort is
composed of a large, diverse population of women. The
women included were relatively unselected in that they were
not recruited at an allergy clinic, health fair, or similar event.

Another strength of our study is the geographic limitation of
the participants, who resided in a group of contiguous zip
codes in the western portion of Wayne County. Thus, their
environmental exposures were probably similar, as were their
exposures to seasonal changes.

Our study had several limitations. Only pregnant women
were studied and followed up to a year after pregnancy.
Because of the limited geographic area studied, it is unknown
whether the results obtained apply to women in other regions
of the country. It might have also been valuable to have been
able to apply more consistent diagnostic criteria for asthma
and allergic rhinitis than those provided by self-reported
histories. Inclusion of a control group of nonpregnant women
living in the same area would have allowed estimates of the
normal variation in IgE levels. However, this was far beyond
the scope of the parent study.

Finally, it is not known whether the changes in total and
allergen specific IgE over time were accompanied by changes
in clinical status. If further studies are performed to evaluate

Table 3. Change in Specific IgE Status to Individual Allergens From the Third Trimester to 1 Year Post Partuma

Allergen

Specific IgE level, kUa/Lb

Women changing
status at 1 y, %c

Change from positive to
negative IgE status

Change from negative to
positive IgE status

Third trimester 1 y Post partum Third trimester 1 y Post partum

Dust mite 0.65 0.27 0.29 0.56 3.0
4.44 0.10

Cat 0.37 0.26 0.05 0.60 3.1
0.19 0.44

Dog 0.38 0.11 0.31 0.51 3.0
0.33 0.46

Cockroach 0.41 0.14 0.09 0.40 7.0
0.41 0.28
0.44 0.29
0.46 0.28
0.61 0.31
8.26 0.06

Ragweed 0.52 0.05 0.30 1.32 3.0
0.57 0.35

Timothy grass 7.11 0.01 0.15 1.86 3.0
0.20 0.48

Hens’ egg 0.44 0.18 2.1
0.54 0.04

Alternaria 0.36 0.33 0.09 0.04 4.0
0.37 0.33
4.59 0.01

Overall mean (SD) 1.77 (2.54) 0.19 (0.12) 0.20 (0.10) 0.70 (0.47) NA
Overall median

(interquartile range)
0.49 (0.41–0.65) 0.22 (0.06–0.28) 0.20 (0.09–0.31) 0.50 (0.44–0.60) NA

Abbreviations: kUa/L, kilounits of allergen per liter; NA, data not applicable.
a The numbers of women tested for each allergen are the same as given in Table 2.
b Based on an allergen specific IgE level of 0.35 kUa/L or greater. The numbers in each column represent the actual values of specific IgE to the
listed allergens at the specified times for each individual woman whose value changed. For example, in row 1 of the table, 1 woman’s specific IgE
to dust mite changed from 0.65 kUa/L during the third trimester of pregnancy to 0.27 kUa/L at 1-year post partum.
c Represents the percentage of women who changed sensitization status to the specified allergen over 1 year. The percentage change over the
year is the sum of those changing from positive to negative and those changing from negative to positive.
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Table 4. Geometric Mean Total IgE and Allergen-Specific IgE During the Third Trimester Compared With 1 Month Post Partum, Stratified by
the Presence or Absence of Asthmaa

Variable No. of patients Third trimester level 1-mo Post partum level P valueb

Women With Asthmac

Total IgE 56 60.040 65.430 .18
Dust mite 54 0.178 0.168 .67
Cat 53 0.299 0.254 .81
Dog 54 0.322 0.260 .16
Cockroach 54 0.070 0.069 .33
Ragweed 54 0.271 0.229 .04
Timothy grass 54 0.152 0.161 .26
Hens’ egg 53 0.057 0.051 .62
Alternaria 53 0.271 0.278 .56

Women Without Asthma
Total IgE 527 29.840 35.550 .001
Dust mite 510 0.070 0.073 .58
Cat 509 0.050 0.049 .02
Dog 510 0.070 0.066 .61
Cockroach 510 0.050 0.049 .77
Ragweed 508 0.170 0.158 .001
Timothy grass 510 0.090 0.086 .12
Hens’ egg 511 0.050 0.048 .02
Alternaria 509 0.110 0.099 .04

a For total IgE, levels are given as international units per milliliter; and for allergen specific IgE, levels are given as kilounits of allergen per liter.
b Determined by the Wilcoxon matched-pairs signed-rank test within strata.
c Self-reported history of having a physician diagnosis of asthma within the past year.

Table 5. Geometric Mean Total IgE and Allergen-Specific IgE During the Third Trimester Compared With 1 Month Post Partum, Stratified by
the Presence or Absence of Allergic Rhinitisa

Variable No. of patients Third trimester level 1-mo Post partum level P valueb

Women With Allergic Rhinitisc

Total IgE 119 57.400 68.400 .001
Dust mite 116 0.119 0.111 .67
Cat 115 0.208 0.193 .08
Dog 115 0.193 0.191 .17
Cockroach 114 0.063 0.066 .66
Ragweed 115 0.490 0.454 .001
Timothy grass 116 0.268 0.256 .22
Hens’ egg 114 0.057 0.051 .02
Alternaria 113 0.217 0.189 .19

Women Without Allergic Rhinitis
Total IgE 537 30.270 34.950 .001
Dust mite 518 0.079 0.082 .94
Cat 516 0.054 0.050 .05
Dog 520 0.070 0.067 .38
Cockroach 519 0.052 0.049 .10
Ragweed 518 0.149 0.135 .04
Timothy grass 518 0.073 0.072 .01
Hens’ egg 521 0.053 0.048 .49
Alternaria 518 0.113 0.105 .43

a Differences between the number of patients in Tables 4 and 5 are because of the definitions that were used for asthma and allergic rhinitis; also,
some women had missing data. For total IgE, levels are given as international units per milliliter; and for allergen-specific IgE, levels are given as
kilounits of allergen per liter.
b Determined by the Wilcoxon matched-pairs signed-rank test within strata.
c Self-reported history of having a physician diagnosis of allergic rhinitis during their lifetime.
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whether pregnancy alters IgE levels, it would be helpful to
relate such findings to clinical history.

In summary, our data demonstrate a statistically significant
increase in total IgE levels at 1 month and 1 year after
delivery when compared with the levels during pregnancy.
Conversely, the average level of allergen specific IgE tested
decreased significantly after pregnancy. Despite the varia-
tions observed in total and allergen specific IgE after preg-
nancy, there was only a small percentage of patients who
changed sensitization status to a particular allergen. Thus,
although these changes were statistically significant, they are
unlikely to be clinically important. Further studies are needed
to better describe the potential clinical implications of these
findings.
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