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Effect of probiotics on thymus size and markers of infection
in late infancy: a randomized controlled trial
Anni Larnkjær1, Kim F. Michaelsen1, Maren J. H. Rytter1,2, Christian Mølgaard1 and Rikke P. Laursen1

BACKGROUND: Probiotics are known to stimulate the immune system but the effect on thymus size in late infancy is unknown. We
examined the effect of probiotics on thymus size and C-reactive protein (CRP) in healthy Danish infants starting daycare. We further
examined associations between thymus size, CRP and recent infections.
METHODS: The study included 186 children randomized to a combination of Lactobacillus rhamnosus, LGG® and Bifidobacterium
animalis spp. lactis, BB-12® or placebo for 6 months. Thymus size, assessed as thymus index (TI) and thymus weight index (TWI), was
measured by ultrasound at baseline and at endpoint. Blood samples were drawn to measure CRP. Infections were parent-reported.
RESULTS: There was no significant difference in thymus size between the probiotic group and placebo (p ≥ 0.248) but TWI tended
to be higher in the probiotic group corresponding to 5% higher than placebo (p= 0.068) in an adjusted model. There was no effect
of probiotics on CRP (p= 0.331). At the endpoint, thymus size was inversely associated with CRP (p ≤ 0.040), diarrhea (p ≤ 0.050),
and TI was also associated with the absence from daycare due to respiratory or gastrointestinal infections (p= 0.010).
CONCLUSION: The probiotic intervention had no effect on thymus size or CRP in Danish children at the age of starting daycare.
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IMPACT:

● Overall there was no effect on thymus size of a combination of Lactobacillus rhamnosus, LGG® and Bifidobacterium animalis spp.
lactis, BB-12® administered to Danish children starting daycare.

● This study examines the effect of probiotics on thymus size in healthy children when they start daycare thus exposed for
infections while their immune system is still developing. This has to our knowledge not been described before.

● We found no significant difference in thymus size between the probiotic and placebo groups, but for thymus weight index,
there was a trend. This should be investigated further in studies designed for this as primary outcome.

INTRODUCTION
The thymus is a primary lymphoid organ with many specialized
functions of the immune system, including maturation and
differentiation of T cells.1 It starts to develop already in week 8
in pregnancy, and postnatally reaches its peak size relatively to
the total body weight a short time after birth. At the age of 6
−8 months, the thymus has been reported to cease to grow and
may temporally decrease in late infancy followed by growth until
puberty where it starts to involute.1–4

Apart from age, the size of the thymus is also affected by
nutrition. Breastmilk contains many components that are believed
to enhance the immune system of the infant.5,6 Several studies
have shown that breastfed infants have larger thymus than those
not breastfed. Infants exclusively breastfed at the age of 4 months
and also infants partially breastfed in later infancy have larger
thymus compared to formula-fed and infants no longer breastfed,
respectively.7,8 However, some studies have not found such an
association.1,9 Malnutrition in children has for a long time been
known to cause thymus atrophy which is, however, reversible
upon appropriate nutrition.10,11 Moreover, the thymus size at birth
and in infancy has been negatively associated with child

mortality,12,13 indicating that the size is important for the immune
function and for development of a normally functioning immune
system.14 A small thymus has also been related to recent
infection.3,8 Thus, thymus size has been suggested as a proxy
for its function.12

Probiotics may mediate development and stimulation of the
immune system. In the recent years the effects of probiotics have
been much studied regarding respiratory infections, diarrhea and
other immune-related diseases.15–19 However, the effect of
probiotics on the thymus size during the first years of life, when
the thymus reaches its maximal size and the immune system is
still developing, is less explored. In a study by Indrio et al.,20 infants
who received fermented formula with probiotics had a larger
thymus at 4 months after birth, compared to infants receiving
standard formula. The impact of probiotics in later infancy on
thymus size has, to our knowledge, not been investigated.
The aim of this study was to examine the effect of daily

probiotic supplementation for 6 months in late infancy on thymus
size in a randomized trial and further to investigate possible
correlations between thymus size, recent infections and breast-
feeding in late infancy. In addition, the effects of probiotics on
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C-reactive protein (CRP) as well as the association between
thymus size and CRP were investigated.

METHODS
Study design and participants
The study was part of the ProbiComp intervention study; a
randomized double-blinded placebo-controlled parallel trial with
the primary outcome to investigate if probiotics, supplemented
for 6 months to infants during the first months in daycare, could
reduce absence from daycare due to infections.21 The study was
approved by the Committees on Biomedical Research Ethics for
the Capital Region of Denmark (H-4-2014-032). Written informed
consent was obtained from all parents and legal guardians of the
children. The study was registered at clinicaltrials.gov (identifier
NCT02180581, posted 02/07/2014).
The study has been described in detail elsewhere.21 Briefly,

participants were recruited from the capital region of Denmark
during autumn seasons in 2014 and 2015. Inclusion criteria were
term single-born infants with birthweight >2500 g, and expected
to start daycare at the age of 8–14 months between September
and February. Onset of the intervention was up to 12 weeks prior
to expected start in daycare. Exclusion criteria were severe chronic
illness, regular medication, antibiotic treatment within 4 weeks
prior to baseline examination, and non-Danish-speaking parents.
Intake of probiotic supplements or fermented milk products
with probiotics was not allowed 2 weeks prior to the baseline
examination and during the whole intervention period. Intake of
other yoghurt products was limited to 1–2 meals per week. A total
of 290 infants were included and randomized in blocks of 8 to
receive either probiotics, consisting of a combination of Lactoba-
cillus rhamnosus, LGG®, and Bifidobacterium animalis spp. lactis,
BB-12® each in a dose of 109 colony-forming units per day, or
maltodextrin as placebo. Both products were provided for free by
Chr. Hansen A/S, Hørsholm, Denmark (LGG® and BB-12® are
registered trademarks of Chr. Hansen).

Data collection
Participants were examined at baseline and at the end of
intervention comprising anthropometry, sonographic measure-
ment of thymus and a venous blood sample as well as structured
interviews of the parents including questions regarding breast-
feeding. Full breastfeeding allowed the child to have a maximum
of one meal of formula per week or was otherwise breastfed.
Occurrence of illness during the intervention was registered by
the parents using daily and weekly web-based questionnaires. In
this study, recent infections during the last month of intervention
were covered and included the following variables: number of
days absent from daycare due to respiratory or gastrointestinal
infections, days with diarrhea, cold symptoms and fever during
the last month of the intervention.

Thymus size measurement
Thymus size was measured by ultrasound as described in detail
earlier22,23 using a scanner (Sonoscape A6 Diagnostica, Otterup,
Denmark) with a pediatric abdominal probe. Thymus size was
estimated using sonographic measures of the transverse diameter
of the thymus and the sagittal area of its largest lobe, and both
measures were performed twice when possible. The mean of the
two measures was multiplied to give a measure of the thymus
index (TI). The thymus weight index (TWI) was calculated to adjust
for body weight by dividing TI with infant body weight, thus
representing absolute and relative thymus size, respectively.24 The
thymus was measured by three examiners. In the first season,
examiners 1 and 2 performed the scans at baseline and examiners
1 and 3 at the endpoint examinations. In the second season,
examiners 1 and 3 performed the scans at baseline and examiners
1 and 2 at endpoint. To adjust for interobserver variation, a

variable combining thymus examiner at baseline and endpoint
was generated and included in the statistical models.

Blood samples
A venous blood sample was drawn and collected in serum tubes.
After preparation, blood samples were stored at −80 °C until
analyses. High-sensitive C-reactive protein (CRP) was measured
using ABX Pentra® 400 (Horiba ABX Dianogstics, Kyoto Japan (DK;
Trilab)). Limit of detection was <0.12 mg/L and samples below this
value (visit 1: n= 44; visit 2: n= 36) were coded as 0.055mg/mL.

Statistics
Descriptive statistics stratified by the intervention group are given
as mean ± SD and median (IQR) for parametric and nonparametric
continuous variables, respectively, while categorical variables
are given as n (%). Comparisons between sex, breastfeeding
status and intervention groups at baseline only were tested by
independent t test, Mann−Whitney U test or chi-square test as
appropriate. Changes over time within groups were analyzed by
paired t test.
The effect of probiotics on thymus size measured as TI and the

weight-adjusted variable TWI was assessed using the linear mixed
model. The crude model was adjusted for sex and baseline value,
and a variable combining thymus examiner at baseline and
endpoint was generated and applied as a random factor in the
model. The fully adjusted model included further adjustment for
age and breastfeeding status at baseline and at endpoint,
intervention year, number of days of intervention and compliance.
The effect of probiotics on CRP was analyzed by general linear
models using log-transformed CRP values and adjustment for sex
and baseline value in the crude model. The fully adjusted model
was further controlled for breastfeeding, age, intervention year,
duration of intervention and compliance as for thymus size. Model
assumptions were checked using residual plots.
Correlations between thymus size and outcomes were investi-

gated using all children by pooling the groups. Associations
between thymus size and recent infections were investigated
using the linear mixed models adjusted for age, sex, baseline and
thymus examiner. Spearman’s rho was used to explore the
correlations between thymus size or change in thymus size and
duration of full breastfeeding or CRP and between CRP and recent
infections. Significance was defined as p values < 0.05 and trends
as p values < 0.10. Data were analyzed using IBM SPSS Statistics
(version 22, IBM, New York. USA).

RESULTS
Of the 290 infants included in the study, 260 completed the study.
Of these, 186 infants had measurements of thymus size at
both baseline and endpoint (97 and 89 in the probiotic and
placebo group, respectively). There was no difference in baseline
characteristics between infants that completed the study with or
without thymus measurement. At baseline, the probiotic group
had a larger TI and TWI but lower weight-for-length-SDS (WLZ).
Otherwise, there were no differences between the groups
(Table 1).
During the 6-month intervention, the absolute and relative

thymus size were diminished corresponding to about 15% for
TI and 25% for TWI (p ≤ 0.001) for both groups (Fig. 1). TI
was decreased to 15.71 ± 4.07 and 14.54 ± 3.15 cm3 and TWI to
1.46 ± 0.33 and 1.32 ± 0.28 cm3/kg for probiotics and placebo,
respectively.
At the end of intervention, the TI did not differ between the

groups (p= 0.248), whereas there was a trend for a larger TWI in
the probiotic group compared to placebo corresponding to a 5%
higher TWI (p= 0.083) in the crude model adjusted for sex,
baseline value and thymus examiner. The estimated means (CI)
were 1.42 (1.35–1.50) cm3/kg vs. 1.35 (1.27–1.43) cm3/kg for the
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probiotic and the placebo group, respectively. In the fully adjusted
models including i.e. breastfeeding, age and compliance, the
trend was accentuated for TWI whereas there was no trend or
effect for TI (p= 0.068 and p= 0.220, respectively).
Of the infants with thymus data, CRP measurement was

available for 142 and 150 infants at baseline and at the end of
study, respectively, and 114 infants had measurements at both
examinations. Intake of probiotics did not alter the CRP value

compared to placebo (p= 0.331) in crude models adjusted for sex
and baseline value or in the fully adjusted model (p= 0.485).
There was still no difference between groups if only infants with
CRP values above the detection limit (i.e. indication of a recent
infection) at both start and end of intervention were included
(n= 58, p= 0.665). This was also found in the fully adjusted model
(p= 0.525).
We also explored the relation of potential influencing factors,

i.e. breastfeeding, sex, recent infections and CRP levels, with
thymus size. Overall, only 17 infants (8 girls) were still breastfed at
the end of the intervention and there were no differences
between infants still breastfed and no longer breastfed for TI (p=
0.779) or TWI (p= 0.711). The groups were pooled and correlations
between thymus size and duration of full breastfeeding were
investigated in all children. There was a trend for a positive
correlation between duration of full breastfeeding and change in
TI or TWI over the 6 months of intervention, i.e. the decrease in TI
or TWI tended to be less in infants fully breastfed for a longer
period (r= 0.139, p= 0.059 and r= 0.135, p= 0.066, for TI and
TWI, respectively).
Boys had higher TI at both examinations (mean (SD) 18.66 (3.89)

cm3 vs. 16.63 (3.30) cm3 (p ≤ 0.001) and 15.70 cm3 vs. 14.51 cm3

(p= 0.025)) for boys versus girls at baseline and endpoint,
respectively. Boys had higher TWI at baseline (1.94 (0.40) cm3 vs.
1.82 (0.36) (p= 0.042)), but at the end of intervention, the sex
difference had vanished for TWI (1.41 (0.33) cm3 vs. 1.37 (0.29) cm3

(p= 0.40)).
The associations between infections during the last month and

thymus size at the end of intervention were assessed using
adjusted models (Table 2). The number of children who were
absent from daycare due to respiratory or gastrointestinal
infections in this period was 108 and the median (IQR) days of
absence for these children was 3.0 (2.0; 4.0) days. Further, 23
children had diarrhea (median (IQR) 2.0 (1.0; 2.0) days), whereas
132 and 114 children had cold symptoms or fever, respectively
(median (IQR) 5.0 (3.0; 8.0) and 3.0 (2.0; 4.0) days, respectively). TI
was negatively associated with days absent from daycare due to
infections and with days with diarrhea corresponding to 0.236 cm3

smaller TI per day absent from daycare or 0.561 cm3 per day with
diarrhea. The associations were attenuated when the weight-
corrected index TWI was used showing borderline significance.
There were no associations between thymus size and infections
during the 6-month intervention period.
It was also investigated if CRP correlated with thymus size or

change in thymus size during the intervention in the pooled

Table 1. Characteristics of the participants according to the
intervention group (values are mean ± SD, median (IQR) or n (%)).

Probiotics
n= 97

Placebo
n= 89

p valuea

Baseline

Girls (n (%)) 42 (43) 44 (49) 0.402

Age (months) 10.0 ± 0.8 10.0 ± 0.8 0.892

Weight (kg) 9.38 ± 1.08 9.55 ± 0.93 0.249

Length (cm) 73.7 ± 2.6 73.7 ± 2.6 0.849

Weight-for height-SDS 0.30 ± 0.91 0.57 ± 0.79 0.029

Weight-SDS 0.44 ± 0.89 0.66 ± 0.80 0.087

Length-SDS 0.54 ± 0.93 0.56 ± 1.02 0.858

Currently breastfed (n (%)) 50 (51.5) 39 (43.8)) 0.292

Thymus/CRP outcomes

Thymus index (cm3) 18.27 ± 3.93 17.13 ± 3.50 0.040

Thymus weight index
(cm3/kg)

1.96 ± 0.40 1.80 ± 0.36 0.006

CRP (mg/L)b 0.13
(0.06; 0.42)

0.14
(0.06;0.68)

0.495

Study characteristics

Compliance (%) 95 ± 5 95 ± 6 0.869

Duration of
intervention (days)

186 ± 5 186 ± 5 0.344

Duration of full
breastfeeding (months)

5.00
(2.60; 5.46)

4.00
(2.35; 5.08)

0.073

Breastfed at end of
intervention (n (%))

11 (11.3) 6 (6.7) 0.277

aDifference between probiotic group and placebo group by t test, Mann
−Whitney or chi-squared.
bProbiotics, n= 66; Placebo, n= 76.
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Fig. 1 Mean thymus index (cm3) (left panel) and mean thymus weight index (cm3/kg) (right panel) at baseline and end of study after
6-month intervention. Error bars represent 95% CI. *Different from baseline after 6-month intervention by paired t test (p ≤ 0.001). #Trend for
difference between intervention groups by mixed linear model analyses adjusted for sex, baseline value and thymus examiner (p= 0.083).
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sample. At baseline there was no correlation between CRP and any
of the thymus measures. At the end of intervention there was a
negative association between CRP and TI (Spearman’s rho=−0.174,
p= 0.033, n= 150) which remained significant when correcting for
infant weight (TWI, Spearman’s rho=−0.168, p= 0.040). There was
also a negative correlation between CRP at endpoint and change
in thymus size during the intervention (Spearman’s rho=−0.202,
p= 0.013 and Spearman’s rho=−0.194, p= 0.017, for TI and TWI,
respectively) i.e., the higher the CRP value, the more pronounced
the decrease in thymus size during the intervention. Furthermore,
we found a positive correlation between CRP and sick days due
to infections during the last month (Spearman’s rho= 0.178,
p= 0.030).

DISCUSSION
We have investigated the effect of a daily intake of a combination
of the two probiotic strains BB-12® and LGG® or placebo for
6 months on thymus size in infants aged 8−14 months before
starting daycare, as a secondary outcome in the ProbiComp
Study.21 Overall, there was no effect of the probiotic supplemen-
tation on thymus size but there was a trend for a larger TWI
corresponding to 5% when compared to the placebo group. This
may indicate that the effect depends on body size, and the
relative thymus size is also important to consider as the body size
might blur the effect. There was no difference between groups in
days absent from daycare due to respiratory or gastrointestinal
infections which was the primary outcome in the main study21 but
there was a reduced incidence of eczema in the probiotic group.25

The effect of probiotics on thymus size in infants during the first
years of life when the thymus is under development is not widely
examined. Indrio et al. investigated the effect of a fermented
formula containing Bifidobacterium breve C50 and Streptococcus
thermophilus 065 on thymus size and compared it to infants
receiving standard formula and a reference group of breastfed
infants in infants up to 4 months after birth.20 They found that
intake of the fermented formula with probiotics resulted in larger
thymus size measured as TI compared to standard formula but not
larger than those breastfed, thus supporting the hypothesis that
probiotics might have a positive effect on thymus size. However, it
is difficult to compare the study with the present study as they are
not quite comparable. Besides different probiotic strains and
doses, the infants in the present study were older, the diet was
much more varied, and the infants were often breastfed in both
intervention groups especially at baseline. On the contrary, in the
study by Indrio et al., no infants were breastfed which may
influence the results as breastfeeding may have an impact on
thymus size.7,8 Further, the infants were about to start daycare at
baseline in our study, and thus during the intervention they were
exposed to more bacteria and vira which also may have an
influence on thymus size.9,26 However, it is interesting if the trend
for TWI observed in our study indicates a real positive effect on
thymus size. This would be in accordance with the positive effect
described by Indrio et al., suggesting a broader age range where
ingestion of probiotic may have a positive effect on thymus size.

Another study investigating the same strain of probiotics as
ours did not find any effect on thymus recovery measured as its
increase in size in children aged 6–59 months with severe acute
malnutrition in Uganda.26 However, the study differed substan-
tially from the present study especially regarding the health,
nutritional status and living conditions of the study population.
As mentioned previously, the literature on probiotics and

thymus size is very scarce and a potential change in thymus size
due to probiotics may mainly be measurable in early life. However,
thymus size has been shown to correlate with T-lymphocyte
subsets (e.g. CD4+ and CD8+) in infancy,27 thus reflecting the
thymus function and linking thymus size to thymus output. Also,
thymus size has been reported to correlate with T-cell receptor
rearrangement circles (TRECs), which is increasingly used as a
measure of thymus output.28,29 T-lymphocyte subsets have been
used in several studies investigating the effect of probiotics on
different aspects of the immune function, for example, in studies
investigating the effect of probiotics on atopic dermatitis,30 cow’s
milk allergy,31 and function of lymphocytes in late preterm
infants.32 Various mechanisms for the modulation of the immune
system by probiotics have been suggested, including gut immune
barrier function.33 Also an animal study showed that probiotic
fermented milk enhanced the level of some cytokines that
stimulate thymus epithelial cell proliferation and activity of
thymocytes.34 However, the potential effect on thymus size is
not clear and needs further research.
Supplementation with probiotics had no effect on CRP levels

compared to the placebo group. We would have expected that
the probiotics would have a beneficial effect on the immune
system showing lower CRP values compared to placebo. For many
of the infants the CRP level was below the detection level; i.e. only
61% had measurable CRP values at both examinations. This low
number of children with measurable CRP values and the general
low CRP values indicate that although the infants are more
exposed to risk for infections at the time of starting daycare and
simultaneously stopping being breastfed, these Danish infants are
overall well-nourished and healthy. To our knowledge, no other
studies have explored the effect of probiotics on CRP during the
first years of living.
We combined the two groups to investigate possible correlates

of thymus size. The change in TI and TWI during the 6 intervention
months in late infancy was inversely associated with CRP levels
at the endpoint. This was expected as it has previously been
reported that the size of the thymus is diminished by
infections.9,26 This is also in accordance with the inverse
associations found between thymus size and recent infections
the last month as respiratory or gastrointestinal infections and
days with diarrhea. We found no associations with symptoms of
cold or fever, which could be due to the fact that these are
relatively mild infections not having a larger impact on thymus
size. However, Hasselbalch et al.3 found smaller TI at 12 months in
Danish infants with fever episodes between 10 and 12 months but
it was dependent on age as no comparable relation was observed
for 8 and 10 months. Moreover, it was a small study; only 37
infants were included, and much larger studies might be needed.

Table 2. Associations between thymus size and days absent from daycare or days with infections during the last month. (Linear mixed models
adjusted for sex, age, thymus size at baseline and thymus examiner. Values are beta estimate and 95% confidence interval, n= 186).

Thymus index (cm3) Thymus weight index (cm3/kg)

Β (95% CI) p value Β (95% CI) p value

Absence due to respiratory or gastrointestinal infections (days) −0.236 (−0.414 to −0.058) 0.010 −0.015 (−0.031 to 0.001) 0.062

Diarrhea (days) −0.561 (−1.106 to −0.015) 0.044 −0.048 (−0096 to 0.000) 0.050

Cold (days) −0.042 (−0.109 to 0.025) 0.219 −0.004 (−0.009 to 0.002) 0.238

Fever (days) −0.155 (−0.345 to 0.034) 0.108 −0.008 (−0.025 to 0.009) 0.345
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Nevertheless, the negative associations between thymus size and
infections and CRP values are in accordance with previous findings
in the literature.4,9,24,26 In the study by Birk et al.,24 the thymus size
at birth predicted episodes of infection up to the age of 3 months,
whereas it is often reported that infections result in a smaller
thymus size.3,35 Our results thus support the negative relation
between thymus size and infections but as it is based on
associations the causality is not known. The exact mechanisms
involved are not known and it may vary with the kind of infection.
Thus, both local and systemic effects may be involved. The
systemic effects may be mediated by glucocorticoids and
proinflammatory factors, e.g., HIV infection causes a decrease in
proliferating thrombocytes, but is reversible by prescribing
antiretroviral therapy.36–39

We also investigated the association between breastfeeding
and thymus size at the end of intervention, i.e. where the mean
age of the children was 16 months and very few were still
breastfed. It is well described in the literature that thymus size is
larger in breastfed infants compared to formula-fed in early
infancy.7,8 Also in late infancy at 10 months where the
breastfeeding rate is less intensive, there might be a difference
as shown in a study by Hasselbalch et al.,8 though Yekeler et al.1

found nonsignificant higher TI of breastfed infants in infants up to
6 months. We have previously reported a larger TWI in girls still
breastfed compared to girls who were no longer breastfed at
baseline at the age of 10 months.23 At the end of intervention very
few infants were still breastfed and no difference in thymus size
according to breastfeeding status was found. This might be due to
the small sample size as only 17 children were still breastfed or the
effect might diminish with time as breastfeeding was more
intense at baseline. This may also be the reason why we only see a
trend for an inverse association between change in thymus size
and the duration of exclusive breastfeeding after pooling the
breastfeeding groups. The positive correlation between duration
of breastfeeding and change in TI or TWI during the intervention
period is in accordance with a previous study showing that after a
decrease in TI between 8 and 12 months, a group of exclusively
breastfed infants increased very slowly in TI up to the age of
24 months whereas formula-fed and partially breastfed infants
remained stable at this lower TI up to 24 months, i.e. the final
decrease in TI was diminished by exclusive breastfeeding.40

The general decrease in thymus size during the 6-month
intervention of the children with a mean age of 10 months at
baseline was expected, and was thus in accordance with previous
findings describing a decrease in thymus size at this age range.1,3,4

The strengths and limitations of the ProbiComp intervention
study have been described elsewhere.21 A limitation of the
present study is the reduced sample size as not all infants had
thymus measurements at both start and end of intervention.
Nevertheless, as there was no difference in baseline character-
istics between children with two thymus measurements and
children with one or no thymus measurements, it is unlikely that
this has affected the results. We found a trend for a higher TWI in
the probiotic group which could be a chance finding. With a
higher sample size, it might have been possible to detect a
significant difference, but this is speculative. However, the
ProbiComp study showed a reduction in the incidence of
eczema in the probiotic group, indicating that there might be
an influence on the immune system25 but whether there is a link
to thymus size remains to be investigated further. Markers of
thymus function such as TRECs, CD4+ and CD8+ would provide
further information on how the thymus might be affected and
should be included in future studies.
To summarize, this is to our knowledge the first randomized

trial examining the effect of probiotics on thymus size in late
infancy in a high-income country. There was no significant effect
of administration of probiotics on thymus size but we found a
trend for a higher TWI. To further investigate the impact of

probiotics on thymus size in healthy infants, future studies
designed for this are warranted.
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