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There are profound sex-based differences in both humoral and cellular immune responses to
vaccination [1]. In general, adult females demonstrate higher antibody responses to bacterial
and viral vaccines than men [2]. For instance, adult females vaccinated with half the dose of
the trivalent inactivated influenza vaccine (T1V) produce similar humoral immune responses
than adult males vaccinated with a full dose of the TIV [3]. Given that the 23-valent
pneumococcal polysaccharide vaccine (PPSV23) is an important tool in our evaluation of
the humoral immune response [4], we sought to determine if men and women have a
significantly different immunoglobulin G (IgG) antibodyresponse to PPSV23.

The present study was performed at the Mayo Clinic (Rochester, Minnesota) in compliance
with an IRB-approved protocol [5]. The study recruited healthy individuals ages >18 years
who had no previous pneumococcal vaccination or significant pneumococcal infection. The
PPSV23 vaccine was administered to all study participants after collecting blood samples
to measure pre-PPSV23 pneumococcal serotype-specific 1gG antibody levels (baseline).
Four to six weeks after administering the PPSV23, blood samples were again collected to
measure post-PPSV23 pneumococcal serotype-specific IgG antibody levels.

Participant demographics were summarized with frequencies and percentages or means

and standard deviations (SD), as appropriate, and were compared by sex with chi-square

or Wilcoxon rank-sum tests, as appropriate. In addition, the fold change increase in the
individual serotype-specific 1gG antibody levels and the sum of all twenty-three of these
were compared by sex with Wilcoxon rank-sum tests and were summarized with the median
and interquartile range (IQR). Multivariable analysis was performed to compare the fold
change of the serotype sum with quantile regression, estimating the difference in the median
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by sex, adjusted for BMI, age, and days between the pre- and post-vaccine blood draws.
P-values less than 0.05 were considered statistically significant. All analyses were performed
using SAS version 9.4 (SAS Institute Inc., Cary, NC).

One hundred healthy adults were recruited to the study and received the PPSV23 between
2006 and 2007. Of these, fifty-three were female and forty-seven were male. The mean age
of participants was 43.8 years (SD 13.6, range 20-66). The majority of the participants were
Caucasian (81%), non-Hispanic (61%), and had a body mass index (BMI) of equal or greater
than 25 (71.1%). There were no statistically significant differences in age, race, ethnicity, or
BMI amongst the male and female groups.

Our results show that female healthy adults had a significantly greater fold change of the
sum of all twenty-three serotype-specific IgG antibody levels after PPSV23 than their male
counterparts (median 4.26 versus 3.01; £=0.049) [Figure 1A]. When adjusted for BMI, age,
and days between the pre- and post-vaccine blood draws, although the adjusted median fold
change in the serotype sum was still slightly lower among males (median difference 1.06), it
was not statistically significant (= 0.10). When comparing the median fold change increase
in the individual serotype-specific IgG antibody levels, all but 4 of them were higher in
female subjects; but these sex differences reached statistical significance only in 2 of the
serotypes: P22 (P=0.002) and P34 (P= 0.04). Interestingly, when including only those
individuals age 50 or older (17 males and 23 females) in the analysis, there was a greater sex
difference in the fold change of the sum of all twenty-three serotype-specific 1gG antibody
levels after PPSV23 (median 5.78 versus 2.97 for females versus males, respectively; P=
0.014) [Figure 1B]. Furthermore, when adjusted for BMI and days between the pre- and
post-vaccine blood draws, this sex difference remained statistically significant [P = 0.048].
Finally, there were no statistically significant sex differences in the pre-PPSV23 (p = 0.51)
or the post-PPSV23 (p = 0.67) sum of twenty-three serotype-specific 1gG antibody levels.

Men have a higher incidence of invasive pneumococcal disease than women [6]. In this
study, we present evidence to suggest a trend towards a more robust IgG antibody response
to the PPSV23 in healthy adult females compared to males. This sex difference was more
pronounced in those age 50 or older. Similar to our findings, prior studies have also reported
that male sex can be associated with lower responses to PSSV23 [7]. These sex differences
in the PPSV23-induced IgG responses might be particularly relevant when using fold change
increases in antibody levels as part of the diagnostic evaluation of functional antibody
deficiencies, such as specific antibody deficiency [4, 8]. A limitation of our study is that we
were underpowered to detect the difference in the fold change of the serotype sum between
all females and males in adjusted analyses. Larger studies to confirm and further explore

the sex differences in antibody responses to pneumococcal vaccines (both PPSV23 and the
pneumococcal conjugate vaccine [PCV13]) are warranted. These studies should include

an analysis of serotype-specific sex differences as immunogenicity may vary between
individual serotypes [9]. Furthermore, since both sex chromosome and sex hormones can
influence the immune responses to vaccination [10], we suspect these sex differences will be
influenced by the reproductive stage of the groups studied (i.e. pre-menopausal versus post-
menopausal). Finally, additional studies are needed to determine if this sexual dimorphism is
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present in non-healthy populations, such as those with primary immunodeficiency disorders
or asthma.
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Figure 1.
The fold changes of the sum of 23 serotype-specific 1gG antibody levels after receiving the

23-valent pneumococcal polysaccharide vaccine (y-axis) measured in healthy, pneumococcal
vaccine-naive individuals. A. All males (N = 47; blue circles) versus all females (N = 53;

red squares) [P = 0.049]. When adjusted for BMI, age, and days between the pre- and
post-vaccine blood draws, the difference was not statistically significant [P= 0.10]. B. Males
who are age 50 or older (N = 17; blue circles) versus female who are age 50 or older (N

= 23; red squares) [P = 0.014]. When adjusted for BMI and days between the pre- and
post-vaccine blood draws, this sex difference remained statistically significant [~ = 0.048].
*P < 0.05 by Wilcoxon rank-sum test.

Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2022 October 01.



	References
	Figure 1.

