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Abstract

Objectives: Telomeres are repetitive DNA at chromosomes ends that shorten with
age due to cellular replication and oxidative stress. As telomeres shorten, this can
eventually place limits on cell replication and contribute to senescence. Infections are
common during early development and activate cellular immune responses that
involve clonal expansion and oxidative stress. As such, a high infectious disease bur-
den might shorten blood telomere length (BTL) and accelerate the pace of immune
senescence.

Methods: To test this, BTL measured in young adults (21.76 0.3 years old) from
the Philippines (N5 1,759) were linked to prospectively collected early life data on
infectious burden.

Results: As predicted, increased early life diarrheal prevalence was associated with
shorter adult BTL. The association was most marked for infections experienced from
6 to 12 months, which corresponds with weaning and maximal diarrheal burden. A
standard deviation increase in infections at 6–12 m predicts a 45 bp decrease in BTL,
equivalent to 3.3 years of adult telomeric aging in this population. Contrary to
expectations, breastfeeding duration was not associated with BTL, nor did effects
vary by sex.

Conclusions: These findings show that infancy diarrheal disease predicts a marker
of cellular aging in adult immune cells. These findings suggest that early life infec-
tious burden may influence late life health, or alternatively, that short TL in early life
increases infectious disease susceptibility.
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1 | INTRODUCTION

In many high income countries, human life expectancies
have been continually increasing for over a hundred years
(Oeppen and Vaupel, 2002). While many factors likely con-
tribute to these increases, one prominently considered expla-
nation is improved hygiene, including the control and
treatment of common infections in infancy (reviewed in
Kuzawa and Eisenberg, 2014). Indeed, above and beyond
socioeconomic measures, individuals who grow up with a
high infectious disease burden have been shown to have
shorter lifespans, suggesting possible lingering biological
influences of early life exposures (Bengtsson and Lindstr€om,
2003; Finch and Crimmins, 2004). However, the mecha-
nisms linking early life infection to increased late life mor-
bidity and mortality are presently unknown. Shortening of
telomeres is one potential pathway.

Telomeres are repeating DNA sequences at the ends of
chromosomes that protect and buffer chromosomes from
nucleotide loss as cells divide (Blackburn and Gall, 1978). In
many tissues, telomeres are shortened by cellular prolifera-
tion, and, as a result, TL tends to decline with age (Olovni-
kov, 1971; Ishii et al., 2006; Kimura et al., 2008; Watson,
1972). Reduced TL is thought to contribute to senescence
because cell replication ceases when telomeres reach a crit-
ically short length and production of new cells is required for
tissue repair and immune function (Harley, 1991). Consistent
with this, individuals with immune cell telomeres that are rel-
atively short for their age have been shown to have reduced
life expectancies (Cawthon et al., 2009; Ehrlenbach et al.,
2009; Ilmonen et al., 2008).

Early life infections may result in repeated activation of
cellular immune responses, each involving clonal expansion
of lymphocytes and thus TL shortening. As well, infection
also increases oxidative stress (reviewed in Dowling and
Simmons, 2009), another cause of TL shortening (e.g.,
Oikawa and Kawanishi, 1999; Richter and Zglinicki, 2007).
Telomerase, an enzyme that rebuilds telomeres, is upregu-
lated in response to at least some immune challenges and
infections, but this is apparently insufficient to maintain TL,
particularly with exposure to persistent immune challenges
(Hiyama and Hiyama, 2007; Maini et al., 1999; Plunkett
et al., 2001; Reed et al., 2004).

In mice, and birds experimental infections have been
shown to cause shortened TLs (Asghar et al., 2015, 2016;
Ilmonen et al., 2008). In humans, studies examining associa-
tions between infectious diseases and blood or lymphocyte
TL have primarily been limited to adults in clinical contexts
from high income countries. These studies have shown that
shorter blood telomere length (BTL) is associated with HIV
(Effros et al., 1996; Gianesin et al., 2016; Malan-M€uller
et al., 2013; Pathai et al., 2013; Pommier et al., 1997; Srini-

vasa et al., 2014; Zanet et al., 2014; but see Giesbrecht et al.,
2014; Imam et al., 2012), hepatitis C (Zanet et al., 2014),
and Helicobacter pylori infection (Hou et al., 2009). Infec-
tion also causes upregulation of inflammatory markers.
Markers of inflammation such as C-reactive protein, tumor
necrosis factor-a, and interleukin-6 often, but not always,
predict shorter BTL (Adaikalakoteswari et al., 2007; Aviv
et al., 2006; Bendix et al., 2010; Carrero et al., 2008;
Farzaneh-Far et al., 2010; O’Donovan et al., 2009, 2011;
Olivieri et al., 2009; Salpea et al., 2010; Sampson et al.,
2006; Sanders et al., 2012; Solorio et al., 2011).

While BTL declines with age, the rate of decrease is far
greater in infancy and childhood than in later life—likely
due to the heightened pace of cellular proliferation related to
immune system development and rapid somatic growth
(Eisenberg, 2011). This points to a potential sensitive period
in early life in which inflammation and oxidative stress sec-
ondary to infection might have a greater impact on TL attri-
tion because of these increased cell replication rates. This,
coupled with high mortality rates from infectious diseases in
infancy and early childhood in low income countries sug-
gests that early life infections could be particularly influential
on TL—with lingering effects into adulthood that may ulti-
mately influence disease risk. Similarly, breastfeeding is
known to provide protection to infants from infections due to
immunoglobulins and other factors in breast milk, as well as
the fact that breastfed babies are less likely to consume con-
taminated food and liquids (McDade and Worthman, 1998;
Meremikwu et al., 1997; Popkin et al., 1990; VanDerslice
et al., 1994). This along with the likely lingering positive
effects of breastfeeding into adult life (Horta and Victora,
2013) led us to predict that longer breastfeeding duration
should predict longer adult BTL. To our knowledge, no
study has evaluated the association of early life infection
with adult TL and only one study has evaluated the associa-
tion of breastfeeding duration and TL (Wojcicki et al.,
2016). We examine these questions using longitudinal data
collected from the Philippines. In particular, we address three
inter-related hypotheses:

Hypothesis 1 (H1). Increased early life diarrheal mor-
bidity will predict shorter BTL measured in adulthood.
Diarrheal diseases are the second leading cause of
death in children under five, and particularly preva-
lent in low income contexts with underdeveloped pub-
lic health infrastructures (Fischer Walker et al., 2012).
Thus, diarrheal morbidity is an important marker of
infectious disease exposure and immunological activa-
tion, which might influence TL.

H2. Longer exclusive breastfeeding duration is
expected to be protective against BTL shortening due
to immunoglobulins and other protective factors in
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breast milk, as well as the fact that breastfed babies
are less likely to consume contaminated food and
liquids (McDade and Worthman, 1998; Meremikwu
et al., 1997; Popkin et al., 1990; VanDerslice et al.,
1994) and that one previous study found an associa-
tion between breastfeeding and longer TL (Wojcicki
et al., 2016).

H3. Increased early life diarrheal morbidity and
decreased breastfeeding duration will be associ-
ated with shorter BTL in adulthood to a greater
degree in males than in females. Experimental
infection has a greater effect on TL in male than
female mice (Ilmonen et al., 2008), human males
have higher infant mortality rates from infections than
females (Drevenstedt et al., 2008), and females display
higher levels of estrogens (Kuiri-Hänninen et al.,
2013; but see Ji et al., 2008; Soldin et al., 2005) which
may be protective against BTL attrition (Aviv, 2002;
Misiti et al., 2000). These suggest that males might
experience greater lingering biological costs from
infection and subsequent BTL shortening than
females.

2 | METHODS

2.1 | Data collection

Data came from the Cebu Longitudinal Health and Nutri-
tion Survey, a birth cohort study in Metropolitan Cebu,
Philippines that began with enrollment of 3,327 pregnant
mothers in 1983–1984 (Adair et al., 2011). Longitudinal
data are available for download at https://dataverse.unc.
edu/dataverse/cebu. Mothers came from randomly selected
rural and urban neighborhoods. The mothers, and their
1983–1984 born offspring have been surveyed since. These
surveys consisted of bimonthly surveys for the first two
years of the offsprings’ life followed by surveys in 1991,
1994, 1998, 2002, and 2005. In the bimonthly surveys
mothers were asked about their breastfeeding practices and
about whether their infant had diarrhea in the last day and
last week. In 2005, venous blood was drawn from all the
mothers and their 1983–1984 born offspring that had
remained in the survey (21.76 0.3 years old). Descriptive
statistics for key variables used in analyses are given in
Table 1.

Informed consent was obtained from all participants and
data collection was conducted with approval and oversight
from the Institutional Review Boards of the University of
North Carolina at Chapel Hill and Northwestern University.
Telomere measurement and analysis of deidentified samples

and data was not considered human subjects research by
Northwestern University’s Institutional Review Board.

2.2 | Telomere length measurement

Automated and manual DNA extraction (Puregene, Gentra)
was conducted on the venous blood collected in 2005 from
1,779 offspring. DNA isolated from blood by these methods
is widely considered to be of leukocyte origin. While this is
no doubt mostly true, there are other possible cellular and
non-cellular sources of DNA found in blood (Chan et al.,
2006; Eisenberg, 2011; Hermansen, 2001; Lo et al., 1998,
2010; Stachon et al., 2004) necessitating a distinction be
drawn between BTL and TL exclusively leukocyte in origin.
Telomere lengths were measured using the monochrome
multiplex quantitative polymerase chain reaction assay
(2009) with the following modifications. Reactions were run
with telomere primers (telg/telc) at 500 nM each and albumin
(single-copy control) primers (albd/albu) at 300 nM each on
a Bio-Rad iCycler iQ thermocycler with a modified thermo-
profile: internal well factor collection for 1.5 min at 958C,
denaturation and Taq activation for 13.5 m at 958, 2 repeats
of: 2 s at 988 followed by 30 s at 498, 34 repeats of: 2 s at
988, 30 s at 598, 15 s at 748 with signal acquisition, 30 s at

TABLE 1 Descriptive statistics of key variables

Variable N Mean SD

Diarrhea Birth-6 m 1742 0.13 0.21

Diarrhea 6–12 m 1711 0.24 0.27

Diarrhea 12–24 m 1713 0.20 0.20

Breastfeeding (days) 1662 58.51 39.17

Age (years) 1774 21.68 0.35

Assets 83 1776 2.49 1.88

Assets 86 1680 2.60 1.90

Assets 05 1772 5.30 1.95

Log income 83 1765 5.46 0.71

Log income 86 1672 5.35 0.65

Log income 05 1772 6.15 0.72

Maternal years of education 1776 7.83 3.76

Paternal years of education 1750 8.28 3.95

Urbanicity 1776 35.61 12.51

Maternal height (cm) 1776 151.46 4.96

Father’s age at conception 1733 28.54 6.73

Sex (% Male) 1776 52.70
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848, 15 s at 858 with signal acquisition, followed by a melt
curve for PCR product verification. Data were analyzed with
a per-well efficiency calculation method (Ehrlenbach et al.,
2009, 2010; Willeit et al., 2010) using LinRegPCR version
12.7 (Ramakers et al., 2003; Ruijter et al., 2009). All T/S
ratios were normalized to (divided by) the same control sam-
ple run with six replicates per 96 well plate. Further details
on methodology and validation of these TL measures have
been described previously, including a correction for system-
atic variation due to well position on the thermocycler
(Eisenberg et al., 2015).

A subsample of 190 of these samples show a correlation
between MMQPCR measures and southern blot of terminal
restriction fragments (r5 0.663) that is on par with recent
qPCR TL validation efforts (Eisenberg et al., 2015; Elbers
et al., 2013). Since the coefficient of variation (CV) has
recently been recognized to be an invalid statistic to assess
TL measurement reliability, we instead use the intraclass cor-
relation coefficient (ICC; Eisenberg, 2016; Verhulst et al.,
2015), which estimates the percent of variation attributable
to individuals versus to measurement error. Individual and
average ICCs were calculated using a one-way random
effects model to calculate absolute agreement between the
averages of the same samples run in triplicate on different
runs with the ICC command in Stata 14.1. Individual and
average ICC values correspond to ICC(1) and ICC(k) in
McGraw and Wong (1996). Individual ICC gives an estimate
of the reliability of measures of samples analyzed on one run
(in triplicate), while average ICC gives an estimate of the
reliability of the average TL estimate of a sample measured
across multiple runs. While considerable numbers of samples
in these analyses were included on multiple runs, these sam-
ples were rerun because of initially high intra-assay CVs.
873 of the samples were run separately in triplicate on two
separate runs and had an individual ICC of 0.81 (95% CI:
0.79–0.84) and average ICC of 0.89 (95% CI 0.88–0.91);
118 of the samples were run separately in triplicate on three

separate runs and had an individual ICC of 0.87 (95% CI:
0.83–0.91) and average ICC of 0.95 (95% CI: 0.94–0.97).
Conventional rules of thumb suggest that these ICC values
are good (Cicchetti, 1994). Since this ICC represents a subset
of more noisy measures than the population of measures, this
ICC is an under-estimate of the true interrun reliability and it
is not surprising that it is slightly lower than the only other
report of ICC values in the telomere biology literature that
we are aware of coming from results from the lab which ori-
ginated the qPCR assay (Eisenberg et al., 2016).

2.3 | Statistical analysis

Maternally reported diarrhea of the infant at each bimonthly
survey was used as an estimate of diarrheal prevalence in a
similar manner as in Kuzawa et al (2010). First, a dichoto-
mous variable was created for each survey, scoring whether
the child had reported any cases of diarrhea within the past
24 h and/or the past week or no reported episodes. Then
these values were averaged to create indices for the first half
year of life (surveys at 2, 4, and 6 months of age), second
half year (surveys at 8, 10, and 12 months) and for the sec-
ond year of age (14, 16, 18, 20, 22, 24 months old). These
average values can be interpreted as estimated individual
weekly diarrheal prevalence during each time period

FIGURE 1 Average diarrheal prevalence reported in the
past seven days at each bimonthly survey (n5 1,660–1,724).
Horizontal lines showmeans of weekly diarrheal prevalence
for each period [Color figure can be viewed at wileyonlineli-
brary.com]

TABLE 2 Imputation OLS regression models of diarrheal
prevalence and breastfeeding duration predicting blood telo-
mere lengths measured in 1,759 young adults

Line Variable Model: Minimuma Maximumb

1 Diarrhea Birth-6 m 0.0077 0.00082

2 Diarrhea 6–12 m 20.064** 20.053*

3 Diarrhea 12–24 m 20.019 20.030

4 Breastfeeding 0.00012 0.00015

5 Diarrhea Birth-6 m*Sex 20.035 20.022

6 Diarrhea 6–12 m*Sex 0.0611 0.045

7 Diarrhea 12–24 m*Sex 0.023 0.017

8 Breastfeeding*Sex 20.00029 20.00021

9 Wald joint sig 1–3 P value: 0.026 0.048

Values on lines 1-8 are b coefficients; 1 P< 0.10, * P< 0.05,
** P< 0.01.
aControls for age in 2005, sex, and age 3 sex.
bAdditionally controls for logged household income and
assets, at birth, two years old and 22 years old, maternal years
of education, paternal years of education, maternal height,
urbanicity, paternal age at birth, and the first 10 PCs of
genetic variation. Complete regression statistics including for
control variables are included in Supporting Information Table
S1.
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(see Figure 1 and Table 1). All three diarrheal morbidity var-
iables are used simultaneously as predictors of TL in a
regression model. To address multiple-testing issues, Wald
joint significance tests are used (Cohen et al., 2003). That is,
the null hypothesis that diarrheal morbidity has no associa-
tion with telomere length was tested by calculating the joint
significance of all of the three diarrheal measures simultane-
ously (Table 2: Line 9).

To measure the immune-protective benefits of breastfeed-
ing, the duration of exclusive breastfeeding (with allowances
for supplementation with non-nutritive liquids such as teas,
brews, and plain water) which has been previously shown to
predict diarrheal morbidity (VanDerslice et al., 1994), is
used as a predictor of adult TL. Like reported diarrhea,
breastfeeding data come from the bimonthly surveys for the
first two years of life where mothers gave a 24 h recall of
what the child consumed.

Control variables included sex, deflated household
income, and assets in 1983, 1986 (coincident with diar-
rheal morbidity measures) and 2005, average urbanicity
score between 1983 and 2005 (Dahly and Adair, 2007)
and age in 2005 (when blood collection for TL analysis
occurred), years of maternal and paternal education,
maternal height and paternal age at birth (Eisenberg et al.,
2012). The income variables were logged reflecting a
probable multiplicative rather than additive effect. Addi-
tionally, to control for potential population structure
effects, principal components (PCs) of genome-wide
genetic variation were considered. The derivation of these
PCs have been described previously (Croteau-Chonka
et al., 2011, 2012; Wu et al., 2011). As in previous analy-

ses (Bethancourt et al., 2015), the bivariate association
between the first ten PCs and TL were tested. The top
PCs up to and including the last one showing a significant
bivariate association with TL were retained as control var-
iables. Results of regression models with the key variables
of interest are shown in Table 2 while complete regression
results including statistics for control variables are pro-
vided in Supporting Information Table S1. All tests were
two-tailed with a5 0.05.

To improve statistical power and minimize potential bias
in analyses we used imputation of missing data (multiple
imputation by chained equations in Stata 13.1). To accom-
modate tests of statistical interactions with sex, imputations
were conducted separately in males and females. Indices of
average diarrheal prevalence in the first half year of life, sec-
ond half year and for the second year of age and of average
urbanicity were generated uniquely in each imputation (“mi
passive” command). Following standard imputation meth-
ods, variables used for the imputation phase included all of
those used in the regression models plus 30 auxiliary varia-
bles. All variables used in imputation models and their per-
cent missing are given in Supporting Information Table S2.
Thirty imputations were conducted each with a burn-in
period of 20. Monte Carlo errors for all significant associa-
tions reported in Table 2 were smaller than recommended
thresholds for betas, T-statistics and P-values (White et al.,
2011). While results from imputation models are reported
here because they are the most reliable estimates of effects,
we note that regression results using the more common
“complete case only” method yields virtually identical
results.

FIGURE 2 Comparing effect sizes of 1 SD changes in diarrheal morbidity on adult BTLwith age related decline in adult BTL
(frommaximum controlled model in Table 1) [Color figure can be viewed at wileyonlinelibrary.com]
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3 | RESULTS

Diarrheal prevalence was measured through 12 prospective
bimonthly surveys in the first two years of children’s lives.
Maternally reported diarrheal prevalence over the previous
week was 6.4% at 2 months postpartum, increased to 25.1%
by 10 months and then gradually declined to 17.1% by 24
months (Figure 1). Hypothesis 1, that increased early life
diarrheal morbidity predicts adult BTL was tested in regres-
sion models with BTL measured in 1,759 individuals. With
both minimum and maximum statistical controls, diarrheal
prevalence in the first two years of life significantly predicted
adult telomere length (Table 2: Line 9). Examined more
closely in different time periods, prevalence from 6 to 12
months, when diarrheal morbidity was at its peak (Figure 1)
appeared to be driving the association of diarrheal prevalence
with shorter adult BTL (Table 2: Line 2 and Figure 2). The
effect was also in the expected direction for the second year
of life (Table 2: Line 3 and Figure 2), but was not significant
(P5 0.31 in maximum controlled model).

Contrary to our prediction (H2) breastfeeding duration
did not predict adult TL (Table 2: Line 4). Also contrary to
our predictions (H3), there were no significant interactions
between sex and diarrheal morbidity nor sex and breastfeed-
ing duration (Table 2: Lines 5–8). There was a trend towards
significance of diarrheal morbidity in 6–12 months varying
by sex in the minimally controlled model (P5 0.053; Line
6), but this effect was opposite the expected direction and the
P value increased to 0.14 in the maximally controlled model.

To quantify the effect size of early life diarrheal morbid-
ity on adult BTL, we converted our values into base pairs
(bp) using southern blot measures from a subset of these data
(Eisenberg et al., 2015) and compared these effects to the
age related decline in TL. As illustrated in Figure 2, in the
maximum controlled model, there is an estimated 45.0 bp
decrease in adult TL for a single SD increase in diarrhea
prevalence at 6–12 m (SD5 0.27). The age related decline
in BTL in 36–69 year old women in this population was pre-
viously found to be 0.0043 relative telomere length units
(n5 1,845, P5 7.19 3 10216; Eisenberg et al., 2012) or
13.6 bp per year. This implies that a 1 SD increase in diar-
rheal morbidity is equivalent to 3.3 years of telomeric aging
in adulthood.

4 | DISCUSSION

We predicted that increased diarrheal morbidity early in life
causes decreased BTL that lingers into adulthood (H1), that
longer breastfeeding duration—which generally is protective
against diarrhea—would be associated with increased BTL
(H2) and that both effects (in H1 and H2) would be greater
in males than females (H3). Using prospectively collected

longitudinal data from the Philippines, we find support for
H1, that increased diarrheal morbidity predicts shorter adult
BTL, but no support for H2 or H3. Our lack of support for
an association between breastfeeding and adult BTL (H2) is
inconsistent with a recent study focusing on a small sample
(Wojcicki et al., 2016). The association of early life infec-
tious disease with adult BTL (H1) fits within a broader litera-
ture on the developmental origins of health and disease
(DOHaD) and suggest that telomeres are a pathway by which
early life environment and health might influence adult mor-
bidity and mortality.

Early life diarrheal morbidity shows the predicted associ-
ation with adult TL. When parsed out by age, the association
is driven by morbidity during months 6–12 of age. This is
noteworthy because this period roughly corresponds to the
typical timing of weaning and increased child mobility and
exploration. These developmental shifts mark the first time
when pathogens tend to be introduced en masse without the
immunological protective effects of breast milk and as a
result infectious diseases reach a lifetime peak in Cebu and
most other populations (Kuzawa, 1998; Meremikwu et al.,
1997; Mølbak et al., 1994; Victora et al., 1989; Yoon et al.,
1996). The much greater BTL attrition rate in the first few
years of life than in adulthood (Frenck et al., 1998; Zeichner
et al., 1999), viewed alongside our findings, raises the possi-
bility that the first few years of life represent a sensitive
period for influencing TL throughout life.

The magnitudes of changes in TL predicted by diarrheal
morbidity may be large enough to have important biological
effects. Our results suggest that a one standard deviation
increase in diarrheal prevalence during 6–12 months causes a
shortening of adult BTL by 45 bp—or the equivalent to 3.3
years of telomeric aging in adulthood. In comparison, smok-
ing is thought to cause an estimated 3 bp/year steeper decline
in BTL with age (Benetos et al., 2013). Recent evidence
from experimental infection of a bird with avian malaria
showed TL shortening in not just blood, but also liver, lung,
spleen, heart, kidney, and brain (Asghar et al., 2016). BTL is
a marker of the TL of hematopoietic stem cells and shorter
hematopoietic stem cell TL could have important effects on
leukocyte and erythrocyte production. However, if infection
also causes TL shortening in other organs in humans, as in
this bird model, the physiological effects could be far
broader.

There are clear reasons to believe that the observed asso-
ciation between early life diarrheal morbidity and adult BTL
in this study reflects a causal role of infection on BTL. Telo-
meres are known to shorten with each round of cell division,
especially in the presence of oxidative stress. Infection
causes increased immune cell proliferation and oxidative
stress, which should thus shorten BTL. However, we cannot
rule out the alternative that this association is due entirely or
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in part to individuals with shorter TL in infancy being more
susceptible to infectious diseases. Indeed, in late life, shorter
TL predicts increased infectious disease related mortality
(Cawthon et al., 2009), and even in young adulthood, those
with shorter TL are more susceptible to developing infection
after experimental exposure to the cold virus (Cohen et al.,
2013). Since TL is highly heritable (Andrew et al., 2006;
Bakaysa et al., 2007; Bischoff et al., 2005; Hunt et al., 2008;
Slagboom et al., 1994; Vasa-Nicotera et al., 2005), much of
the population variation in TL is evident at birth (Benetos
et al., 2013), and adults with short TL at baseline tend to
have relatively short TL later in life (Benetos et al., 2013), it
is possible that those with shorter TL early in life retain this
trait into adulthood. In this regard, it is notable that the lack
of association between breastfeeding duration and adult TL
is potentially consistent with TL being causally related to
early life infection susceptibility. Future longitudinal studies
including BTL measured before and after early life infec-
tions, or Mendelian randomization studies examining
whether genetic polymorphisms associated with TL predict
infant morbidity and mortality rates, could help clarify the
direction of causation.

In sum, we find that diarrheal morbidity at the age of
weaning and peak infectious disease burden in this Filipino
sample predict shorter BTL measured two decades later in
young adulthood. This finding is consistent with our hypoth-
esis that increased early life immune activation leads to an
accelerated pace of telomere shortening in immune cells,
which speculatively could manifest as increased susceptibil-
ity to infection later in life. Research with longitudinal blood
sampling or Mendelian randomization approaches will be
needed to rule out the competing hypothesis that short TL at
birth increases susceptibility to infection.
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