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Background: several studies have identified associations 
between low vitamin D concentrations and risk of upper 
respiratory infections (URI). T lymphocytes have a major 
anti-viral role, are affected by vitamin D metabolism, 
and may mediate the link between vitamin D and URIs. 
Competitive swimmers have a relatively high rate of URIs, 
alongside a high prevalence of low vitamin D concentration. 
Objectives: To examine the associations linking T cell 
receptor excision circles (TREC, markers of thymus activity), 
circulating 25(OH)D concentrations and the effect of 
vitamin D supplementation, and URI symptoms in young 
competitive swimmers.
methods: We tested 82 adolescent swimmers for serum 
25(OH)D and TREC concentrations and found that 55 had 
vitamin D insufficiency. Randomized supplementation of 
either vitamin D3 or placebo was given for 12 winter weeks. 
URI symptoms were recorded weekly. The associations 
between TREC copy numbers, vitamin D and URI burden 
were examined.
results: TREC concentrations decreased with the parti- 
cipants’ age (r = -0.346, P = 0.003), with no significant 
between-gender difference. TREC concentrations did not 
materially differ among subjects with normal, insufficient or 
deficient vitamin D status, and were not affected by vitamin 
D supplementation. No significant correlations were found 
between TREC levels or their changes during the study 
period, and mean URI severity or duration. 
conclusions: Thymus activity, represented by higher TREC 
levels, was not related to vitamin D concentrations or 
status, and was not affected by vitamin D supplementation 
in adolescent swimmers. TREC concentrations were not 
associated with URI severity or duration in this population.
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aBstract:

KeY wOrds:

u pper respiratory tract infections (URIs) are among the most 
common causes of disease worldwide [1]. Lymphocytes are 

the main arm of the immune system that protects against viral 
respiratory tract infections [2]. Vitamin D plays an important 
role in many physiological processes, including various aspects 
of the immune system: namely, it has been shown to induce 
maturation of macrophages, natural killer cells and cytotoxic 
T lymphocytes [3] and affect many components of both the 
innate and the acquired immune system [4]. These effects have 
clinical implications for several types of infections, mainly those 
of the respiratory tract. 

Several observational clinical studies have shown an associa-
tion between low vitamin D status and a higher rate of URIs, 
while interventional studies of vitamin D supplementation 
demonstrated conflicting results [5]. It was therefore recom-
mended that additional studies be performed, and in popula-
tions with a high prevalence of vitamin D deficiency [5]. 

Athletes training indoors, such as swimmers, have a high 
prevalence of both vitamin D insufficiency and deficiency 
(serum 25(OH)D < 20 ng/ml) [6]. In addition, competitive 
swimmers have an increased risk of URIs [7], and up to 74% 
reported nasal obstruction, rhinorrhea, sneezing and nasal itch-
ing [8]. We recently reported that a decrease in serum 25(OH)
D concentrations in adolescent swimmers with vitamin D insuf-
ficiency was associated with increased duration and severity 
of URIs [9]. The mechanism by which low levels of vitamin D 
might increase URI burden remains unknown. Nevertheless, its 
effect on different components of the immune system is widely 
accepted [10].

A possible link between vitamin D and respiratory infec-
tions are the T lymphocyte cells, given that vitamin D affects 
lymphocyte activity [11] and that these cells have an important 
role in fighting the viruses of the respiratory tract [2]. It is well 
documented that T lymphocytes are direct target cells for 
vitamin D. They express the vitamin D receptor after immune 
activation, T cell proliferation is inhibited by vitamin D, the 
expression of chemokine receptors is affected by vitamin D, 
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production of Th1 and Th17 cytokines is decreased while Th2 
cytokine production is stimulated, and T regulatory (Treg) cell 
development and production is favored by vitamin D [11-15]. 
The direct effect of vitamin D on the thymus gland, which is 
the main organ for T cell lymphocyte development and matu-
ration, is still unknown.

During the T cell development process, T cell receptor exci-
sion circles (TREC) are produced. These are specific circular 
DNA byproducts, formed during the random rearrangements 
of T cell receptors. TRECs are only present in cells exported 
from the thymus and are not found in peripheral blood-
replicating cells [16]. Arellano et al. [17] showed that TRECs 
are reliable markers to measure thymic output, since periph-
eral and intra-thymic TREC values correlated. Dion and co-
researchers [18] demonstrated the accuracy of quantitatively 
assessing TREC levels as a non-invasive measure of thymic 
function. In infants with severe combined immunodeficiency, 
TREC levels were found to be undetectable or significantly low 
at birth, and this measure now serves as a screening tool for 
this medical condition in several countries, including Israel 
[19]. Therefore, TREC allows for quantifying the production 
of T lymphocytes at a young age, when the thymus is still 
functional, and hence is a marker for thymic activity. It is cur-
rently unknown whether thymic activity is affected by vitamin 
D concentrations, and whether thymic activity is associated 
with URI burden in children and youth.

The aims of this study were to examine the association 
between TREC levels and circulating 25(OH)D concentrations, 
to examine the effect of vitamin D supplementation on TREC 
levels, and to examine the relationship between TREC levels 
and upper respiratory symptoms in adolescent swimmers.

suBJects and metHOds

Eighty-two adolescent competitive swimmers from four 
swimming teams in Israel were screened for serum 25(OH)
D levels. Individuals were excluded if they refused to undergo 
any or all of the testing procedures, if they had a history of 
chronic health conditions, or if they were taking any chronic 
medications or dietary supplements, including multivitamins. 
The study was approved by the Institutional Review Board 
of Sheba Medical Center, Tel Hashomer, Israel, conducted 
according to the Declaration of Helsinki, and registered in a 
clinical trials registry prior to participant enrollment (clini-
caltrials.gov, NCT01215682). Each participant and at least 
one parent signed an informed consent form. 

data cOllectiOn, randOmiZatiOn and suPPlementatiOn

•	 Blood	sampling
Blood samples were drawn from each of the study participants 
before a scheduled practice session at their usual training facil-
ity. For 25(OH)D analysis, sampled blood was drawn into gel-

containing test tubes, transferred to the endocrine laboratory 
at the Sheba Medical Center, centrifuged and stored at 4°C for 
analysis. Serum 25(OH)D was measured by radioimmunoas-
say (Diasorin, Stillwater, Minnesota, USA. Intra-assay CV 12%, 
Inter-assay CV 10%). Vitamin D insufficiency was defined as 
serum 25(OH)D concentrations < 30 ng/ml, and vitamin D 
deficiency was defined as serum 25(OH)D concentrations < 
20 ng/ml [20]. 

•	 Real-time	quantitative	PCR	assays
Analysis was performed using DNA extracted from the par-
ticipants’ peripheral blood mononuclear cells. Amplification 
reactions (25 μl) contained 0.5 μg of genomic DNA, 12.5 μl of 
TaqMan universal polymerase chain reaction (PCR) master mix 
(Perkin Elmer Applied Biosystem, Foster City, CA, USA), and 
the appropriate primers and probes. PCR conditions includ-
ing primers and probe have been described previously [21]. 
Reactions were carried out in an ABI PRISM 7900 Sequence 
Detector TaqMan system (Applied Biosystems, Rotkreuz, 
Switzerland). The number of TRECs in a given sample was 
estimated by comparing the CT value with a standard curve 
obtained from PCRs performed with tenfold serial dilutions 
of an internal standard, kindly provided by Dr. Daniel Douek 
(Vaccine Research Center, National Institute of Allergy and 
Infectious Diseases, Bethesda, MD). The dilutions contained 
102–106 copies of TREC, in triplicate. Amplification of RNAseP 
(Applied Biosystems) was used to verify the quantity and pres-
ence of genomic DNA. TREC values were adjusted for total 
DNA content.

•	 Vitamin	D3	supplementation
Fifty-five participants (67%) had vitamin D insufficiency and 
comprised an interventional study group, where subjects were 
randomized to receive supplementation of either vitamin D3 
(2000 IU/day) in liquid drops (CTS Chemical Industries Ltd, 
Israel), or a placebo identical in taste and appearance. Subjects 
who were vitamin D sufficient did not receive any supplemen-
tation or treatment. At the end of the 12 week supplementation 
period, blood samples were collected and analyzed for serum 
25(OH)D and TREC as described but only among subjects 
with vitamin D insufficiency (the interventional study arm).

•	 Upper	respiratory	tract	infections	
URI data were collected for 12 weeks, starting 1 month after 
supplementation began (i.e., December 2010 to February 2011) 
and ending 1 month after supplementation ended, only from 
the 55 vitamin D-insufficient subjects who took part in the 
interventional part of the study. Since vitamin D is fat soluble, 
we allowed serum vitamin D concentrations to rise before 
starting to record URI events. During the data collection 
period, subjects filled out a respiratory symptoms question-
naire based on the Wisconsin Upper Respiratory Symptom 
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and did not differ significantly between males and females (P = 
0.88) or between the three study groups at baseline [Table 3]. 
Baseline TREC levels also did not differ significantly between 
subjects with vitamin D deficiency (n=11, 1677, IQR 990-4669) 
copies) or vitamin D insufficiency (n=44, 3220, IQR 1697-4637) 
copies), P = 0.15. Table 4 presents Spearman’s correlation coef-
ficients between TREC concentrations at baseline, URI severity 
and duration, and 25(OH)D concentrations; none were found 
significant. The changes in TREC concentrations throughout 
the study period, regardless of participant grouping, were also 
unrelated to URI severity (r = -0.14, P = 0.58) or duration (r = 
-0.02, P = 0.94). 

Survey (WURSS) [22]. A URI event was defined as having at 
least one URI symptom for at least 1 day and at least 3 days 
apart from a prior event. The duration of each URI event was 
the number of days it occurred. The severity of URI events was 
calculated as the average score of symptom severity on a scale 
of 0 to 7, as recorded on the questionnaire sheets by the subject.

StatiStical analySiS

Continuous variables are presented as median and interquartile 
range (IQR) due to a non-normal distribution of TREC concen-
trations and were analyzed accordingly. Continuous variables 
were compared using the Mann-Whitney U test when compar-
ing two independent samples and the Kruskal-Wallis one-way 
analysis of variance when three independent samples were 
compared. The Wilcoxon signed ranks test was used to compare 
within-group pre- and post-supplementation changes. The rela-
tionships between two quantitative variables were determined 
using Spearman’s correlation coefficient. Statistical significance 
was defined as P < 0.05.

RESUltS

Clinical and training data of the 82 study participants are pre-
sented in Table 1. Two-thirds were males. Participants were 
swimming competitively for over 4 years on average, with 
17–18 hours of overall training per week. Twenty-two swim-
mers reported having URI symptoms during the study period, 11 
from each supplementation group (vitamin D or placebo; the “no 
intervention” group was not required to record URIs). There was 
no significant difference in URI duration or severity between the 
study groups [Table 2], as we previously reported in depth [9].

Throughout the study period, serum 25(OH)D levels 
increased significantly in the vitamin D supplementation group, 
but decreased significantly in both the no-intervention and pla-
cebo groups [Table 2].

TREC concentrations at the start and end of the study are 
presented in Table 3. Baseline TREC concentrations decreased 
with age in the whole study population (r = -0.346, P = 0.003), 

table 2. Serum 25(OH)D concentrations at study beginning and end, and URI 
severity and duration scores by study group

characteristic

no 
intervention
group
(n=27)

Vitamin D
group
(n=28)

Placebo
group
(n=27)

P 
value**

URI severity score – 5.0 (4.2–5.8) 5.0 (3.0–5.7) 0.70

URI duration (days) – 4.0 (3.0–5.2) 5.0 (4.0–7.0) 0.24

Baseline serum 25(OH)D (ng/ml) 32.5 (31.5–35.6)* 24.7 (20.4–28.6) 25.0 (21.4–28.3) < 0.001

Final serum 25(OH)D (ng/ml) 27.6 (24.0–31.5) 29.7 (24.0–35.3) 20.6 (18.3–23.1)* < 0.001

Serum 25(OH)D change (ng/ml) -6.2 (-1.5–(-)9.6) 6.2 (0.0–8.8)* -4.1 (-2.3–(-)6.6) < 0.001

Data presented as median (interquartile range)
*Significant difference from the two other values in the same row (Mann-Whitney U test).
**Obtained by Wilcoxon signed ranks test
URI = upper respiratory tract infection

table 4. Spearman’s correlation coefficients between TREC 
concentrations at baseline and URI severity/ duration and 25(OH)D 
concentrations in all study participants

characteristic correlation coefficient P value

URI severity -0.083 0.73

URI duration -0.274 0.24

Baseline serum 25(OH)D (ng/ml) 0.148 0.22

Final serum 25(OH)D (ng/ml) 0.183 0.16

Serum 25(OH)D change (ng/ml) 0.043 0.74

URI = upper respiratory tract infection 

table 3. TREC concentrations at study beginning and end by study group, after 
adjustment for total DNA content

characteristic

no intervention 
group
(n=27)

Vitamin D
group
(n=28)

Placebo  
group
(n=27)

P
value

Baseline TREC (copies) 2681 (1517–4929) 3352 (1770–5018) 2524 (1441–4013) 0.34

Final TREC (copies) – 3615 (2414–4986) 2902 (1910–4023) 0.15

TREC copies (change from 
baseline)

– -475 (-1150–960) 552 (-1038–1874) 0.30

TREC data presented as median (interquartile range)
TREC = T cell receptor excision circles

table 1. Clinical and training data of the study participants

no 
intervention 
group
(n=27)

Vitamin D
group
(n=28)

Placebo
group
(n=27)

Age (years) 14 (13–16) 14 (13–15) 13 (12–16)

Males, n (%) 18 (67%) 17 (61%) 18 (67%)

Years competing 4 (3–4.5) 5 (3-6) 4 (3–5)

Amount of swimming (hours/week) 12 (11.5–12) 13 (13–13) 18 (12–18)

Amount of gym training  
(hours/week)

4 (3–4) 4 (4–4) 3 (3–5)

Data presented as median (interquartile range) or number and percentage, 
as appropriate    



Original articles

574 

IMAJ • VOL 17 • septeMber 2015

immune response to viral infections such as cytomegalovirus 
[25]. Thus, it was reasonable to assume that higher TREC levels 
may better protect individuals against URI, yet this was not 
found in our study.

We acknowledge that our study has several limitations. 
Our sample size was relatively small due to the number of par-
ticipants who reported URI symptoms. Another limitation is 
that baseline vitamin D levels were not very low, and all study 
participants but one had a circulating 25(OH)D concentration 
of ≥ 20 ng/ml. We presume that a wider range of vitamin D 
concentrations could have increased the ability to identify a 
correlation with TREC levels. Another issue is the normaliza-
tion of TREC levels among individuals. There are no specific 
guidelines as to how to normalize circulating TREC copies, and 
we chose to adjust to total DNA content in the sample. The wide 
range of TREC concentrations seen in these healthy individu-
als, together with the restricted sample size, prevented us from 
performing more in-depth regression analyses, which may 
have identified independent associations between the different 
variables tested. Finally, our study results cannot necessarily be 
extrapolated to other pediatric populations or other sport types.

In summary, this is the first study to our knowledge in 
which correlations between vitamin D, a marker of T cell pro-
duction, and URI burden were sought. Although we did not 
find significant relationships linking these three parameters, 
there is a scientific basis to search further since the mechanism 
by which vitamin D is associated with URI burden probably 
involves lymphocytes and their activity. In addition, the impor-
tance of TREC as a surrogate marker for T cell production in 
healthy individuals with common viral infections should be 
determined in further studies.
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discussiOn

In this supplementation trial in adolescent swimmers we 
examined the associations between thymic activity, as repre-
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in adolescent swimmers, which we reported previously [9].
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Inflammatory immune disorders such as inflammatory 
bowel disease and multiple sclerosis are major health 
problems. Currently, the intestinal whipworm Trichuris suis 
is being explored in clinical trials to reduce inflammation 
in these diseases; however, the mechanisms by which the 
parasite affects the host immune system are not known. 
Klaver et al. determined the effects of T. suis soluble 
products (sPs) on Toll-like receptor-4 (TLR4)-stimulated 
human dendritic cells (DCs) using Illumina bead chip gene 
arrays. Pathway analysis of lipopolysaccharide-stimulated 
DCs with or without T. suis treatment showed that co-
stimulation with T. suis sPs resulted in a downregulation 
of both the myeloid differentiation primary response gene 

88-dependent and the TIR-domain-containing adaptor-
inducing interferon-β-dependent signaling pathways 
triggered by TLR4. These data were verified using 
quantitative real-time PCR of several key genes within 
these pathways and/or defining their protein levels. In 
addition, T. suis sPs induce Rab7b, a negative regulator 
of TLR4 signaling that interferes with its trafficking, which 
coincided with a reduced surface expression of TLR4. 
These data indicate that the mechanism by which T. suis 
sPs reduce inflammatory responses is through suppression 
of both TLR4 signaling and surface expression on DCs. 

Genes Immunity 2015; 16: 378
Eitan Israeli

capsule

trichuris suis soluble products induce rab7b expression and limit tlr4 responses in human 
dendritic cells

Mucosal immunity protects a host from intestinal inflam- 
mation and infection and is profoundly influenced 
by symbiotic bacteria. Zhang and team report that in 
mice, symbiotic bacteria directed selective cargo sorting 
in Paneth cells to promote symbiosis through Nod2, a 
cytosolic bacterial sensor, and the multifunctional protein 
kinase LRRK2, both encoded by inflammatory bowel 
disease (IBD)-associated genes. Commensals recruited 
Nod2 onto lysozyme-containing dense core vesicles 

(DCVs), which was required for DCV localization of LRRK2 
and a small GTPase, Rab2a. Deficiency of Nod2, LRRK2 or 
Rab2a or depletion of commensals resulted in lysosomal 
degradation of lysozyme. Thus, commensal bacteria and 
host factors orchestrate the lysozyme-sorting process 
to protect the host from enteric infection, implicating 
Paneth cell dysfunction in IBD pathogenesis. 

Nature Immunol 2015; 16: 918
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capsule

commensal bacteria direct selective cargo sorting to promote symbiosis




