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Objectives: Inﬂammation has been associated with a wide range of chronic degenerative diseases, but the developmental factors contributing to the regulation of inﬂammation are poorly understood. This study investigates the
within-individual association between antibody response to vaccination in adolescence and C-reactive protein (CRP)
concentration in young adulthood.
Methods: In 1998–99, at age 14–15 years, a subset of participants (N 5 96) in the Cebu Longitudinal Health and
Nutrition Survey were administered a typhoid vaccine, and baseline and follow-up blood samples were drawn to assess
the strength of the antibody response to vaccination. In 2005, at age 20–21 years, blood samples were drawn from the
full cohort for measurement of CRP. N 5 74 individuals had complete data at both time points. Bivariate associations
and multivariate logistic regression models were evaluated to test the hypothesis that vaccine responsiveness in adolescence was signiﬁcantly associated with CRP level in young adulthood.
Results: There was a strong and statistically signiﬁcant association between antibody response to vaccination in adolescence and CRP in young adulthood. Median CRP was more than four times higher among nonresponders than responders, and nonresponders were 2.3 to 3.6 times more likely to have CRP in the top tertile of the sample distribution.
Conclusions: This study provides evidence for a prospective, within-individual link between more effective antibody-mediated immune defenses and lower levels of inﬂammation. In the context of prior research in this population,
these results suggest that early environments are important determinants of multiple aspects of an individual’s
immuno-phenotype. Am. J. Hum. Biol. 00:00–00, 2010.
' 2010 Wiley-Liss, Inc.

Inﬂammation has historically been studied as a central
component of innate immune defenses against infection,
while recent research has documented a likely role in
chronic degenerative processes, including cardiovascular
disease (CVD), Type 2 diabetes (Pradhan et al., 2001), the
metabolic syndrome (Ridker et al., 2003), late-life disability (Kuo et al., 2006), and mortality (Jenny et al., 2007). Creactive protein (CRP) is an acute phase protein produced
by hepatocytes in response to pro-inﬂammatory cytokines
such as IL-6, and it is involved in activating complement,
promoting phagocytic activity, and opsonizing bacteria,
fungi, and parasites (Ballou and Kushner 1992; Black
et al., 2004). Innate immune defenses like inﬂammation
are rapid and nonspeciﬁc, and thus provide an important
ﬁrst line of defense against a wide range of pathogens.
However, this role in antipathogen defenses has been
overshadowed by intense clinical and epidemiological interest in the measurement of CRP to assess levels of
chronic, low-grade inﬂammation (Pearson et al., 2003).
The vast majority of research on CRP has been conducted
in relatively afﬂuent, industrialized settings where rates
of overweight and obesity are high, and levels of infectious
disease exposure are low. Additional insight into the factors contributing to the regulation of inﬂammation may be
gained by a comparative, developmental perspective, and
in this article we report on the association between antibody response to vaccination in adolescence and CRP conC 2010
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centration in young adulthood in an ongoing cohort study
in the Philippines.
Previously, we have shown that prenatal under-nutrition and microbial exposures in infancy are signiﬁcant
predictors of CRP in young adulthood in the Philippines
(McDade et al., 2010). Lower birth weight predicted
higher CRP in young adulthood, while three different
measures of microbial exposure in infancy were negatively
associated with CRP in young adulthood. Similarly, we
have reported that prenatal under-nutrition and infectious morbidity in infancy are associated with vaccine
responsiveness in Filipino adolescents (McDade et al.,
2001). Individuals born small-for-gestational age were signiﬁcantly less likely to mount an adequate antibody
response to vaccination, while those who experienced high
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levels of infectious diarrhea in infancy were more likely to
respond to the vaccine. Both sets of ﬁndings are consistent
with prior research on the ‘‘hygiene’’ and ‘‘old friends’’
hypotheses, which propose that microbes have been a normative and ubiquitous component of the human evolutionary environment, and that microbial exposures early in
infancy are critical to guiding the development of several
immune processes, including the regulation of inﬂammation (Rook, 2009; Yazdanbakhsh et al., 2002). These ﬁndings are also consistent with a much broader literature
documenting the impact of prenatal undernutrition on
multiple physiological systems (Barker, 1994; Gluckman
et al., 2007).
Concordance across the vaccine and CRP studies suggests that microbial and nutritional exposures early in life
may initiate a more fundamental shift in the development
and regulation of multiple aspects of immune function. In
this study we test the hypothesis that positive antibody
response to vaccination in adolescence is associated with
CRP measured 7 years later in young adulthood. Results
may have implications for two issues related to the developmental ecology of human immune function. First, a
weak or nonexistent association would suggest that links
among early environments, antibody-mediated immunity,
and inﬂammation are relatively independent, whereas a
strong within-individual association across time would
provide additional evidence for the importance of early
environments in shaping an individual’s immuno-phenotype.
Second, results may shed light on the adaptive signiﬁcance of these processes. Robust antibody-mediated
immune defenses are critical for resistance against infectious disease, but the interpretation of inﬂammation is
more problematic. Innate immune defenses like inﬂammation are also critical for resisting infection, but poorly
regulated, chronically activated inﬂammatory processes
increase risk for a wide range of chronic degenerative diseases. By investigating two aspects of immunity across
time we may gain insight into whether higher levels of
chronic inﬂammation represent potentially pathological
consequences of suboptimal early environments, or adaptive trade-offs in allocations of effort to subsystems of
immune defenses.
METHODS
Study participants and protocol
Participants were recruited from the Cebu Longitudinal
Health and Nutrition Survey (CLHNS), an ongoing population-based study of maternal and child health in the
Philippines that began in 1983 with the recruitment of
3,327 pregnant women representative of the childbearing
population in Cebu City (Cebu Study Team, 1991). The
women and their children have been followed through
multiple rounds of data collection since 1983, including
the most recent survey conducted in 2005.
In 1998–99, 2,089 CLHNS participants—14 or 15 years
of age at the time—were contacted for follow-up data collection, and a subsample of 96 individuals was included in
a vaccine sub-study based on the following criteria:
full term birth (37 weeks), currently healthy, and smallfor-gestational age (SGA: deﬁned as <10th percentile of
birthweight for gestational age) versus appropriate-for-gestational age (AGA: 10th percentile). Upon enrollment in
the vaccine study, 5 mL of EDTA plasma were collected
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and immediately frozen, followed by vaccination against
typhoid fever with a 25-lg dose of puriﬁed Vi cell surface
polysaccharide extracted from Salmonella typhi, delivered
in 500-ll sterile solution via intramuscular injection (Pasteur Merieux, Lyon, France). Follow-up blood was drawn 2
weeks later. Additional details of this study have been published previously (McDade et al., 2001).
In 2005, 1,885 participants were contacted for followup, 1,648 of whom provided complete anthropometric and
interview data, as well as a blood sample for the analysis
of CRP (McDade et al., 2009). Participants provided information on household demographics and economic resources, environmental quality, and health behaviors in faceto-face interviews conducted in their homes. Waist circumference was measured during the in-home interview using
standard procedures (Lohman et al., 1988).
Of the 96 participants in the vaccine sub-study, 75 also
provided complete data for the 2005 survey. One woman
who was pregnant at the time of blood collection in 2005
was removed from the analyses, yielding a ﬁnal sample
size of N 5 74. Compared to individuals in the original
cohort as assessed when the study began in 1983, the individuals in this sample did not differ in terms of maternal
education, household assets, or household income. They
did, however, have lower average birth weights (2,774 g
vs. 2,995 g, P < 0.001) than other participants in the
cohort. This difference is to be expected since the vaccine
sub-study over-sampled for individuals born SGA. The 21
individuals lost to follow-up between 1998 and 99 and
2005 did not differ in these attributes from the 75 individuals remaining from the sub-study.
All data were collected under conditions of informed
consent using protocols approved by the institutional
review board of the University of North Carolina, Chapel
Hill.
Measurement of vaccine response and CRP
Anti-typhoid IgG antibody titers were analyzed in samples from 1998 to 99 as a functional measure of antibody
responsiveness to vaccination. Samples were serially
diluted 1:2 to a ﬁnal concentration of 1:1280, and antibody
titer was determined using an enzyme immunoassay procedure (McDade et al., 2001). The highest dilution at
which anti-typhoid antibodies were still detectable was
deﬁned as the endpoint concentration for that sample.
Baseline and 2-week follow-up samples for each individual
were analyzed on the same assay plate to maximize comparability.
In 2005, blood samples were collected into EDTA-coated
vacutainer tubes in the participants’ homes in the morning after an overnight fast. Blood samples were kept in
coolers on ice packs for no more than 2 h and were then
centrifuged to separate plasma prior to freezing at 2708C.
Samples were express shipped to Northwestern University on dry ice and stored frozen at 2808C until analysis.
CRP concentrations were determined using a high sensitivity immunoturbidimetric method (Synchron LX20,
lower detection limit: 0.1 mg l21).
Data analysis
Vaccine response in 1998–99 was the primary independent variable of interest. Prior research evaluating the efﬁcacy of the anti-typhoid vaccine has deﬁned a four-fold or
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TABLE 1. Descriptive statistics for the study sample and by vaccine response status
Non-responders (N 5 18)
Age (years)
Female (%)
Education (years)
Weekly household
income (pesos)
Waist circumference (cm)
Symptoms of infection
at time of
blood collection (%)
CRP (mg l21)

Mild responders (N 5 19)

Robust responders (N 5 37)

Total (N 5 74)

20.8 (0.4)
44.4
11.3 (3.2)
491.2 (226.4)

20.9 (0.5)
50.0
11.2 (2.2)
445.1 (310.1)

21.0 (0.3)
51.4
10.6 (3.2)
505.6 (506.2)

20.9 (0.4)
49.3
10.9 (2.9)
487.1 (404.4)

67.4 (5.9)
16.7

72.5 (11.7)
16.7

67.0 (6.8)
13.5

68.5 (8.3)
15.1

0.8 (0.1, 1.0)

0.2 (0.1, 0.6)

0.1 (0.1, 0.7)

0.3 (0.1, 0.8)

All values are from the 2005 survey, with the exception of birth weight. Mean (SD) values are presented for continuous variables (median, 25th and 75th percentile
values for CRP).

greater increase in antibody titer as a positive response to
the vaccine challenge (Tacket et al., 1988). For this analysis, we deﬁned a two-fold increase in antibody titer from
baseline as a mild response, and a four-fold or greater
increase as a robust response to vaccination. Individuals
with no difference in titers between baseline and 2 weeks
were considered nonresponders.
We tested the hypothesis that vaccine responsiveness in
adolescence was associated with inﬂammation in adulthood in two ways. First, we inspected the bivariate associations between vaccine response in 1998–99 and CRP concentration in 2005. Second, we determined the odds of elevated CRP in relation to vaccine response in a bivariate
logistic regression model. Lastly, we implemented two
multivariate logistic regression models to evaluate
whether the association between vaccine response and
CRP was independent of characteristics in adulthood
known to inﬂuence CRP, including waist circumference,
smoking, household pathogenicity, and recent symptoms
of infectious disease. We hypothesized that associations
would strengthen after controlling for these potentially
confounding factors. No women in the sample were taking
oral contraceptives at the time of blood collection. Vaccine
response was modeled using indicator variables, with nonresponders as the comparison group.
Following prior cross-sectional analyses of the predictors of CRP in this sample (McDade et al., 2009) we constructed a household pathogen exposure variable based on
ﬁve measures, each scored on a three point scale (0 5 low
exposure, 1 5 moderate, 2 5 high) and assessed at the
time of CRP measurement: cleanliness of the food preparation area, means of garbage disposal, presence of excrement near the house, level of garbage and excrement present in the neighborhood surrounding the household. To
assess infectious morbidity at the time of blood collection,
we asked participants if they were currently experiencing
any symptoms of infection. Symptoms included runny
nose, cough, fever, diarrhea, sore throat, as well as the
more general categories of ‘‘ﬂu,’’ ‘‘cold,’’ and ‘‘sinusitis.’’
Responses were used to construct a single variable indicating the presence of any infectious symptoms at the
time of blood collection. Information on symptoms of infectious disease and smoking behavior was collected during
the in-home interview preceding blood collection.
Logistic regression models predicted the odds of having
CRP concentration in the top tertile of the sample distribution (0.7 mg l21). Individuals in the top tertile of the
CRP distribution have been shown to be at increased risk
for cardiovascular disease, and this approach has been

used previously in CLHNS (McDade et al., 2010) as well
as several other population-based studies of CRP (Danesh
et al., 2000).
Studies using a single CRP measure as an indicator of
chronic, low grade inﬂammation must acknowledge that
the acute phase response to infection leads to short-term
spikes in CRP concentration that may obscure assessment
of chronic CRP production. We pursued three strategies to
address this issue. First, individuals with CRP >10 mg
l21 were removed from the analyses based on recommendations issued by a recent joint scientiﬁc statement from
the American Heart Association and the Centers for Disease Control and Prevention suggesting that this level of
CRP is presumed to be the result of acute inﬂammatory
processes (Pearson et al., 2003). Second, we controlled for
the presence of current or recent symptoms of infectious
disease by including this variable as a covariate in our
analyses. And third, we considered a ﬁnal model that
eliminated all individuals with CRP >10 mg l21 and/or
symptoms of infectious disease. All statistical analyses
were conducted with Stata for Windows, version 10 (StataCorp, College Station, TX).
RESULTS
Basic descriptive statistics for vaccine responders and
nonresponders are presented in Table 1. Age, proportion
of females, household income, education level, and presence of infectious disease symptoms at the time of blood
collection did not differ signiﬁcantly across the three
groups (P > 0.05). There was a marginally signiﬁcant difference in 2005 waist circumference across the groups (P
5 0.06), with mild responders having waist circumferences  5 cm larger than the other groups.
Median CRP concentration in 2005 was substantially
higher among individuals who did not respond to the
typhoid vaccination in 1998–99: For nonresponders,
median CRP was 0.8 mg l21, compared to 0.2 and 0.1 mg
l21 for mild responders and robust responders, respectively. Similarly, 52.9% of nonresponders had high CRP in
2005 (0.7 mg l21), compared to 16.7% of mild responders
and 25.0% of robust responders (Pearson X2 5 6.26, P <
0.05).
Logistic regression results controlling for contemporaneous factors known to inﬂuence CRP production reveal a
similar pattern of results. In a simple bivariate model,
individuals who mounted a robust antibody response to
vaccination in 1998–99 were signiﬁcantly less likely to
have elevated CRP in 2005 than individuals who did not
American Journal of Human Biology
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TABLE 2. Results of maximum likelihood logistic regression models

predicting elevated CRP in 2005 in relation to vaccine response in
1998–99
Model 1 (N 5 74) Model 2 (N 5 74) Model 3 (N 5 65)
OR

95% CI

0.241 0.06, 1.02
Mild
respondera
0.28* 0.08, 0.93
Robust
respondera
Female
Waist
circumference (cm)
Pathogenicity
scale (0–2)
Current
smoker (0, 1)
Infectious
symptoms (0, 1)

OR

95% CI

OR

95% CI

*

0.03, 0.88

0.191 0.03, 1.15

*

0.26

0.07, 0.94

0.14*

0.03, 0.66

0.37
1.05

0.10, 1.30
0.98, 1.12

0.53
1.13*

0.12, 2.27
1.02, 1.25

1.34

0.27, 6.64

1.13

0.19, 6.75

0.64

0.13, 3.03

0.69

0.12, 3.93

2.42

0.50, 11.72

0.16

1P < 0.10,*P < 0.05, **P < 0.01.
a
Nonresponder is the omitted reference group.

respond to vaccination (Table 2, Model 1). Mild responders
were similarly less likely to have elevated CRP, although
this association was of marginal statistical signiﬁcance.
These associations strengthened when gender, waist circumference, household pathogenicity, smoking, and symptoms of infectious disease were included in the model (Table 2, Model 2). The association between robust vaccine
response in adolescence and low likelihood of elevated CRP
in young adulthood strengthened further when individuals
with symptoms of infection at the time of blood collection
were removed from the model (Table 2, Model 3).
To facilitate interpretation, we calculated the predicted
probability of elevated CRP in 2005 as a function of
response to vaccination in 1998–99 (see Fig. 1). Probabilities are based on coefﬁcients from Models 2 and 3 (Table
2), and represent the independent association between
vaccine response in adolescence and CRP in young adulthood, controlling for other variables in the logistic regression models. We present probabilities from Models 2 and 3
to evaluate whether results are sensitive to how we deal
with the presence of infectious symptoms at the time of
blood collection. In Model 2, the predicted probability of
elevated CRP in 2005 is 0.54 for nonresponders, compared
to 0.15 and 0.23 for mild and robust responders, respectively. In Model 3, which excludes individuals with symptoms of infectious disease at the time of blood collection,
the probability of elevated CRP is 0.56 for nonresponders,
compared to 0.19 and 0.15 for mild and robust responders.
Results for both models lead to the same conclusion:
mild and robust responses to vaccination in adolescence
are comparable in their associations with low probabilities
of elevated CRP in young adulthood. In contrast, individuals who did not mount an antibody response to vaccination
in 1998–99 were 2.3–3.6 times more likely to have elevated CRP in 2005.
DISCUSSION
We ﬁnd that antibody responsiveness to vaccination in
adolescence signiﬁcantly predicts lower CRP in young
adulthood. Prior research with this population has demonstrated that prenatal under-nutrition and postnatal
infectious exposures are associated both with vaccine
American Journal of Human Biology

Fig. 1. Predicted probability of elevated CRP in 2005 in relation to
vaccine response in 1998–99. Probabilities are based on regression
coefﬁcients from Model 2 and 3 in Table 2. Results for Model 2 exclude
individuals with CRP >10 mg l21 at the time of blood collection, while
results for Model 3 also excluded individuals with symptoms of infection at the time of blood collection.

responsiveness as well as CRP concentration (McDade
et al., 2001, 2010). Results from this analysis bring these
observations together and demonstrate strong, prospective, within-individual associations between two distinct
components of immune defenses. Collectively, these studies suggest that early environments are important determinants of multiple aspects of an individual’s immunophenotype.
Vaccination protocols are often used as a model for
studying the real-world process of pathogen exposure and
immune response, but with the advantage of delivering a
controlled dose of antigen that is comparable across individuals. Activating aspects of anti-pathogen defenses
allows for a more dynamic assessment of immune processes than is possible with static, baseline measures of
activity. While prior research has focused primarily on
antibody response to vaccination as a measure of immunocompetence, recent research suggests that vaccination
represents a useful model for studying the dynamics of
inﬂammation (Posthouwer et al., 2004).
Since many vaccines are mild, pro-inﬂammatory stressors, assessments of cytokine and acute phase protein
production in the days following vaccination may reveal
individual differences in the regulation of inﬂammation.
Concentrations of CRP and pro- and anti-inﬂammatory
cytokines increase substantially during the week following vaccine administration, with peak levels often found
on Day 2 or 3 (Posthouwer et al., 2004; Tsai et al., 2005).
Using this model, a combined vaccine for diphtheria, tetanus, poliomyelitis, and typhoid has been associated with
increased production of IL-6 and IL-10 in young adults
compared to older adults (El Yousﬁ et al., 2005). Similarly,
inﬂuenza vaccination resulted in a larger, prolonged
inﬂammatory response among older adults reporting mild
depressive symptoms compared to those reporting no
depressive symptoms (Glaser et al., 2003). These studies
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reveal signiﬁcant differences in the regulation of inﬂammation that can be traced to attributes of individuals, and
that may have implications for subsequent risk for diseases with an inﬂammatory component.
To the best of our knowledge, our study is the ﬁrst to
combine a short-term assessment of antibody response to
vaccination with a long term assessment of chronic, lowgrade inﬂammation. The association is strong: Median
CRP is more than four times higher among non-responders than responders, and non-responders are 2.3–3.6
times more likely to have CRP in the top tertile of the
sample distribution. In multivariate models, vaccine
response status was the strongest predictor of CRP, and
associations strengthened further following adjustment
for potentially confounding variables. It should be emphasized that even though vaccine responsiveness was measured prior to CRP concentration, results do not necessarily imply a temporally ordered, directly causal relationship.
With respect to insights into the developmental ecology
of human immune function, there are at least three potential, not mutually exclusive, interpretations of these ﬁndings. First, in conjunction with our prior research in this
setting, the pattern of results is consistent with the idea
that vaccine responsiveness and the regulation of inﬂammation represent two dimensions of an underlying
immuno-phenotype that can be traced back—at least in
part—to environments early in life. Infancy is a critical
period of immunological development, and microbial
exposures may comprise a normative set of inputs that
promote investment in speciﬁc immune defenses such as
antibody responses to pathogen exposures, as well as the
development of tightly regulated inﬂammatory processes
that respond acutely and efﬁciently to pathogenic challenge (McDade et al., 2005; Rook, 2009; Yazdanbakhsh
et al., 2002). Similarly, nutritional deprivation during critical periods in infancy may impede the development of
effective speciﬁc immune defenses as well as pathways
relevant to the regulation of inﬂammation, regardless of
the level of microbial exposure (McDade, 2006; Moore
et al., 2004).
Under this scenario, the strong relationship between
antibody responsiveness and CRP production represents
the developmental impact of microbial and nutritional
exposures in infancy on multiple dimensions of immune
function later in life. Low levels of microbial inputs and/or
inadequate nutrition lead to poorly trained speciﬁc
immune defenses and poorly regulated inﬂammatory
processes, contributing to a potentially pathological proinﬂammatory immuno-phenotype in adulthood that is
more likely to produce CRP in response to inﬂammatory
stimuli, or less likely to downregulate CRP production following activation. Conversely, adequate microbial and
nutritional exposures promote the development of a more
robust, tightly regulated, and integrated network of speciﬁc and nonspeciﬁc immune defenses against infectious
disease. A testable assumption under this scenario is that
vaccine responsiveness and CRP production are each
shaped by early environments, and that the relationship
across these outcomes would be even stronger in this
study if both had been measured simultaneously.
Alternatively, early environments may have a direct
impact on speciﬁc immune defenses only, with secondary
consequences for inﬂammation. The absence of microbial
inputs and/or inadequate nutrition impairs the develop-
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ment of speciﬁc immune defenses during critical periods
in infancy, resulting in compromised antibody-mediated
immunity in adolescence and adulthood. Higher levels of
inﬂammation in adulthood could manifest as a secondtier, compensatory response to pathogenic challenges that
are not effectively contained by speciﬁc immune defenses.
Phrased another way, robust speciﬁc immune defenses
make inﬂammatory responses unnecessary. In this
scenario, higher CRP represents an adaptive response to
concurrent pathogen exposure, in contrast to the ﬁrst
scenario, where higher CRP is interpreted as evidence of
dysregulation in inﬂammatory pathways. While our analyses attempt to isolate the effects of infectious disease on
CRP production, it is possible that subclinical infectious
processes may contribute to small elevations in CRP concentration (Roberts et al., 2010). Direct, serological tests
of pathogen exposure could be used to evaluate this pathway. This pathway could also be evaluated indirectly by
investigating the extent to which vaccine responsiveness
accounts for the association between early environments
and CRP production. Unfortunately, the sample size available for this study is too small for a formal mediation
analysis.
Lastly, the negative association between vaccine
response and CRP may indicate a trade-off in allocation
of resources across different subsystems of immune
defenses in response to local disease and nutritional ecologies. Life history theory predicts such trade-offs as key
mechanisms of developmental plasticity (Kuzawa, 2007;
McDade, 2003; Muehlenbein and Bribiescas, 2005;
Stearns, 1992). For example, under conditions of prenatal energetic stress, individuals might invest fewer
resources in tissues and regulatory processes related to
speciﬁc immune defenses, and more in the development
of innate, nonspeciﬁc immune defenses. This investment
strategy could be advantageous if the costs of building
and operating innate immune defenses were lower than
speciﬁc immune defenses, if under-nutrition early in life
was a relatively accurate predictor of marginal nutritional environments later in life and if innate immune
defenses provided an adequate level of protection against
infectious diseases, despite deﬁcits in speciﬁc immunity.
While theoretically plausible, the notoriously high energetic costs of aspects of inﬂammation (e.g., fever) are difﬁcult to reconcile with this hypothesis. However, a more
detailed evaluation of the direct costs and beneﬁts of various immune pathways is required to test whether adaptive trade-offs in the development of immune defenses
may be in play.
These scenarios suggest a number of testable hypotheses for future work. Concurrent measures of multiple
aspects of immune function and follow-up measures of
morbidity and mortality will be important for evaluating
the developmental ecology of human immune function
and its adaptive signiﬁcance. Small sample size is a substantial limitation of this study, although the number of
participants is comparable to—and in some cases
exceeds—prior vaccine studies that include only shortterm follow-up assessments. Our use of a single measure
of CRP to represent chronic inﬂammation is also a limitation, and we pursue multiple strategies for identifying
acute inﬂammatory responses that may reduce our ability
to detect associations with chronic inﬂammation. Despite
the small sample size and single CRP measure, we ﬁnd
strong associations between CRP in young adulthood and
American Journal of Human Biology
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vaccine responsiveness in adolescence. These results highlight the value of an ecological, developmental approach
to research on human immune function, and suggest productive directions for future research on the impact of
environments in infancy on the regulation of inﬂammation in adulthood.
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