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Original Article
Lower level of vitamin D3 is associated with 
susceptibility to acute lower respiratory tract  
infection (ALRTI) and severity: a hospital  
based study in Chinese infants
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Abstract: Background: Acute lower respiratory tract infection (ALRTI) has been attributed to a major cause of global 
child mortality. Micronutrient deficiencies have been associated with susceptibility to ALRTI. Vitamin D is an immu-
nomodulatory molecule and its deficiency is more prevalent in ALRTI children. The present hospital based inves-
tigation aimed to decipher association of vitamin D with ALRTI in Chinese infants. Methods: Total of 110 infants, 
diagnosed with ALRTI and their mother enrolled in the present study. Matched healthy infants belonging to similar 
areas were included as healthy controls. Plasma levels of 25-OH vitamin D in all cases, their mothers and controls 
were quantified by enzyme linked immunosorbent assay (ELISA). Results: Plasma levels of 25-OH vitamin D was 
significantly lower in ALRTI cases than healthy controls (P<0.0001). Furthermore, infants with Pneumonia displayed 
reduce levels of vitamin D3 with reference to healthy controls and no statistical significant difference was noticed 
between Pneumonic infants and subjects with Bronchiolitis. A positive correlation was detected in plasma levels 25-
OH vitamin D in ALRTI cases and their respective mothers (P<0.0001, r=0.57). Conclusion: Lowered plasma level 
of 25-OH Vitamin D is linked with susceptibility to ALRTI. Positive correlation of vitamin D3 in ALRTI cases and their 
mothers indicated supplementation of vitamin D to pregnant women may reduce the incidence of ALRTI in Chinese 
children.  
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Introduction

Vitamin D, a micro nutrient that human obtained 
from food and sunlight, essential for good 
health. Optimum levels of Vitamin D are need-
ed for proper functioning of various organs sys-
tem. Several studies have been demonstrated 
possible association of vitamin D deficiency 
with susceptibility to wide range of disease 
including diabetes [1], cardiovascular diseases 
[2, 3] and cancer [4]. All these observations 
projected vitamin D as a vital molecule in 
pathogenesis of human diseases. Various stud-
ies have been carried out in different popula-
tion to evaluate vitamin D status in healthy indi-
viduals and revealed that vitamin D deficiencies 
is very common in all age group [5, 6]. Vitamin 
D inhibits both B cells and T cells proliferations 
and differentiations [7-9]. Furthermore, it has 
dual role in inflammation: Suppresses produc-

tion of inflammatory cytokines and enhances 
production of anti-inflammatory molecules [10], 
indicating an important role of vitamin D in 
infections.

Subjects with vitamin D deficiency has been 
associated with susceptibility to respiratory 
tract infections. ALRTI is one of the primary 
cause of child death and annually about 1.4 
million of children dies globally [11]. A recent 
report revealed an estimation of about 15 mil-
lion of children admitted to hospital with severe 
or very severe form of ALRTI [12]. Various stud-
ies have been carried out in different popula-
tions and shown association of serum 25-OH 
vitamin D deficiency with increased risk of 
ALRTI in children from India [13] and Turkey 
[14]. However, another independent study 
failed to showed such relationship in Canadian 
children and infants [15]. A recent study in 
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Chinese children revealed higher prevalence of 
vitamin D deficiency [16]. However, to the best 
of our knowledge, no reports are available on 
association between vitamin D deficiency and 
susceptibility to ALRTI and in Chinese infants. 
Therefore, current study aimed to investigate 
relationship between plasma level of vitamin D 
and the susceptibility and severity of ALRTI in 
Chinese infants.

Materials and methods

Subjects

Infants (age below 1 year), those admitted to 
Department of  Pediatrics, Affiliated Hospital of 
Yan’an University, Yan’an, during 2012-2015, 
fulfilling case definition of ALRTI were included 
in the present study. Healthy infants hailing 
from similar areas attending the hospital for 
vaccination during the study period were 
enrolled as controls. In addition, mothers of 
ALRTI cases were also included in the present 
study to find out relationship between 25-OH 
vitamin D among mothers and their respective 
infants. Birth weight and condition of birth (pre-
mature/normal) were accessed retrospectively. 
This study and method was agreed by Human 
Ethical Committee of Affiliated Hospital of 
Yan’an University, Yan’an. Informed consent 
was taken from mothers and/or parent of 
infants. Blood samples were collected with 
anticoagulant from cases, their mothers and 
controls, plasma were separated and stored at 
-80°C until quantification of Vitamin D.

Measurement of plasma 25-OH Vitamin D

Stored samples were thawed and measured for 
25-OH vitamin D by ELISA (Sigma Aldrich).

Statistical analysis

For all statistical analysis Graphpad prism 
v6.01 (Graphpad software La Jolla California 
USA) was used. Mean age, birth weight in ALRTI 
patient and control was compared by student’s 
“t” test. Prevalence of low birth weight, prema-
ture birth and vitamin D status (severe deficien-
cy, deficiency, insufficiency and sufficient) in 
controls and cases were compared by chi 
square test. In addition, a multivariate logistic 
regression analysis was performed by taking 
dependent variable as infants with or without 
ALRTI and other variables such as sex, age, 
LBW, preterm delivery, vitamin D levels were 
considered as dependent variables. For each 
comparison, healthy control was taken as refer-
ence group. The mean plasma levels of 25-OH 
Vitamin D among case and controls and 
between different clinical categories was com-
pared by “t” test and ANOVA followed by 
Turkey’s post-test, respectively. Correlation of 
plasma 25-OH vitamin D between infants and 
their respective mother and were analysed by 
spearman’s rank test. Statistical significance 
value of P was fixed lesser than 0.05. 

Results

A total of 110 Chinese infants each from ALRTI 
cases (51 boys, 59 girls) and controls (47 boys 
and 63 girls) were enrolled in the current inves-
tigation. Mean ± SD age was comparable 
among cases (3.6 ± 1.96) and controls (4.00 ± 
1.95) (Table 1). Percentage of premature birth 
and low birth weight were comparable in ALRTI 
cases and controls (Table 1).

Based on 25-OH vitamin D levels subjects were 
categorized in to four groups. i) Sufficient (>30 

Table 1. Baseline and clinical characteristics of enrolled infants
Characteristics Controls (n=110) ALRTI cases (n=110)  P value; χ2; OR
Boys/Girls 47/63 51/59 NS#

Mean age (months) ± S.D 4.00 ± 1.95 3.60 ± 1.96 NS*

Mean birth weight (kg) ± S.D 3.43 ± 0.61 3.20 ± 0.60 0.005*

Low birth weight 6 (5.4) 14 (12.7) NS#

Premature birth 3 (2.7) 4 (3.6) NS#

Vitamin D status
    i. Severe deficiency (<10 ng/ml) 10 (9) 36 (33) <0.0001; 18.58; 4.86#

    ii. Deficiency (10-20 ng/ml) 54 (49) 56 (51) NS#

    iii. Insufficient (21-30 ng/ml) 36 (33) 17 (15) 0.004; 8.97; 0.37#

    iv. Sufficient (>30 ng/ml) 10 (9) 1 (1) 0.009; 6.94; 0.09#

Note: number (%); Data are expressed as Mean ± standard deviation; N = total numbers of study participants; ALRTI: Acute 
lower respiratory tract infection; NS: Not significant. *Mean compared by student ‘t’ test. #distribution compared by fisher test.
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ng/ml), ii) Insufficient (21-30 ng/ml), iii) Defi- 
cient (10-20 ng/ml) and iv) Severe deficient 

ent: P=0.004, OR=0.37, χ2=8.97). The ALRTI 
cases were further categorized in to two major 
clinical phenotype. i) Pneumonia and ii) Bro- 
nchiolitis and distribution of various plasma 
vitamin D groups were compared. Patients hav-
ing deficiency of 25-OH vitamin D were more 
frequent in pneumonia cases than bronchiolitis 
(P=0.02, OR=4.51, 95%). Conversely, higher 
frequency of ALRTI patients harbouring insuffi-
cient plasma vitamin D were restricted to bron-
chiolitis (P=0.008, OR=0.17) (data not shown).

Since plasma 25-OH vitamin D was significantly 
differed between ALRTI infants and healthy 
controls, we further explored possible associa-
tion of 25-OH vitamin D levels with severity of 
ALRTI. Disease severity was determined by cal-
culating frequency of infants requiring oxygen 
[12]. We observed that among infected sub-
jects, about 89% and 86% of infants at a cut-
off of <10 ng/ml and 11-20 ng/ml, respectively 
were required oxygen for their treatment. On 
the other hand, only 29% of cases with 25-OH 
vitamin D insufficiency (21-30 ng/ml) were 
required oxygen indicating a significant role of 
vitamin Ddetermining severity of ALRTI. Inte- 
restingly, infant with sufficient plasma vitamin 
D did not require oxygen support. 

Further we performed a multiple logistic regres-
sion analysis to find out possible association of 
ALRTI with various confounding factors such as 
age, sex, birth weight, preterm birth, low birth 
weight and vitamin D levels. As shown in Table 
2, gender, birth weight and vitamin D levels 
were associated with ALRTI development.

To decipher possible connection between vita-
min D and ALRTI, we compared plasma 25 (OH) 
vitamin D levels in ALRTI infants and controls 
(Figure 1). ALRTI cases had lower levels of vita-
min D in comparison to healthy infants 

Table 2. Multivariable logistic regression analysis of determinants of 
ALRTI

Variables Regression 
coefficient (b)

Odds  
ratio (OR)

95% confidence  
Interval (CI) P value

Lower Upper
Age -0.07 0.92 0.79 1.07 0.32
Sex -0.86 0.42 0.23 0.76 0.003
Birth weight -0/60 0.54 0.30 0.97 0.03
Preterm delivery 0.72 2.05 0.29 14.37 0.46
Low birth weight 0.11 1.12 0.27 4.58 0.87
Vitamin D -0.09 0.90 0.87 0.94 <0.0001

(<10 ng/ml). As depicted in 
Table 1, severe vitamin D 
deficiency was significantly 
frequent in ALRTI patients 
(33%) when compared to 
healthy controls (9%) (P< 
0.0001, OR=4.86, χ2= 
18.58). In contrast, sub-
jects with sufficient and 
insufficient vitamin D levels 
were more prevalent in con-
trols compared to ALRTI 
cases (sufficient: P=0.009, 
OR=0.09, χ2=6.94; Insuffici- 

Figure 1. Plasma 25(OH) vitamin D levels in controls 
and patients. Plasma level of 25-OH vitamin D was 
quantified by ELISA. Data were expressed as Mean ± 
SD. P<0.05 was statistically significant. 

Figure 2. Plasma vitamin D levels in different clinical 
categories of ALRTI infants. ALRTI cases were further 
categorised in to Pneumonia (n=96) and Bronchiol-
itis (n=14). Mean plasma levels of 25-OH vitamin D 
of controls were compared with each clinical catego-
ry. Data were expressed as Mean ± SD. P<0.05 was 
statistically significant. 
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(P<0.0001). Further, ALRTI cases were divided 
in to Pneumonia and Bronchiolitis and plasma 
levels of vitamin D was compared: Pneumonia 
group had significantly lowered vitamin D levels 
when compared to healthy controls (Figure 2). 
However, among Bronchiolitis and Pneumonia/
healthy infants mean vitamin D levels was 
comparable.

Various studies have shown positive connec-
tion of vitamin D levels between mother and 
infants. To reconfirm earlier observations, we 
investigated possible link between ALRTI cases 
and their mothers (Figure 3). Similar to earlier 
report, a significant positive correlation of vita-
min D was observed between mothers and 
their infants (r=0.57; P<0.0001). 

Discussion

In the present study, we quantified plasma vita-
min D3 in Chinese infants suffering from ALRTI, 
their mothers and matched healthy infants. 
Prevalence of vitamin D deficiency was com-
pared among healthy infants and ALRTI cases. 
The results of present report revealed a signifi-
cant association of vitamin D deficiency with increas- 
ed susceptibility to ALRTI.

25-OH vitamin D3 status has been extensively 
studied in various population. In Asian, a limit-
ed number of healthy individuals have suffi-

cient levels (>30 ng/ml) of vitamin D3 [16-18]. A 
recent report in Chinese subjects showed high-
er frequency of vitamin D deficiency in all age 
group [16]. Corroborating with earlier reports, 
the present study also revealed higher frequen-
cy of hypovitaminosis D in our studied cohort. 

The distribution of plasma vitamin D3 in ALRTI 
patients and healthy infants were compared by 
fisher exact test and observed significantly 
higher occurrence of vitamin D deficient in 
ALRTI cases than controls. This observation 
was in line with earlier finding in a study at 
Istanbul, Turkey: 76% of ALRTI infants showed 
vitamin D levels <10 ng/ml as compared to 
healthy controls (40%) [14]. However, in this 
study, the sample size was limited (25 cases 
and 15 controls) in comparison to our present 
investigation. Frequency of higher range of 
plasma vitamin D levels (insufficient and suffi-
cient) were statistically more prevalent in 
healthy infants compared to ALRTI cases indi-
cating possible defensive role of Vitamin D 
against ALRTI. 

As the prevalence of severe deficient vitamin D3 
subjects was more frequent in ALRTI cases and 
sufficient was in healthy infant, we further inter-
ested to analyse plasma levels of vitamin D3 in 
ALRTI patients and healthy infants. ALRTI cases 
had significantly lower levels of vitamin D3 in 
comparison to healthy controls. This observa-
tion was similar to previous findings shown in 
Turkey, Bangladesh population [14, 15] and 
also in a very recent report [19]. Collectively, 
these observations suggest an imperative role 
of vitamin D in ALRTI.

Pneumonia and Bronchiolitis are common clini-
cal phenotypes of ALRTI in infants [15, 20], 
thus we divided the ALRTI cases to Bronchiolitis 
and Pneumonia groups and examined the sta-
tus of vitamin D in these subtypes. Although we 
did not observe statistical valid difference in 
frequencies of Pneumonic and Bronchiolitis 
infants showing severe vitamin D deficiency 
(cut-off 10 ng/ml), a significantly higher fre-
quencies of Pneumonic infants showed vitamin 
D levels at a range of 11-20 ng/ml as compared 
to infants with Bronchiolitis indicating ALRTI 
cases with vitamin D deficiency predisposes to 
Bronchiolitis group. In contrast, frequency of 
25-OH vitamin D insufficient (21-30 ng/ml) was 
significantly higher in Pneumonia cases than 
Bronchiolitis sub-type.

Figure 3. Correlation between plasma 25-OH vitamin 
D levels of mother’s and infant’s. Plasma levels of 
25-OH vitamin D were quantified by ELISA. Correla-
tion between mother’s and infant’s plasma 25-OH 
vitamin D were analysed by spearman rank correla-
tion test. A P value less than 0.05 was considered as 
significant. 
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The scoring of severity for ALRTI depends on 
several signs and symptoms such as, patient’s 
body temperature, respiratory rate, granting, 
cyanosis, retractions, refusal of oral intake, 
and intermittent apnea [21]. Patients with 
apnea need oxygen for their survival and in the 
recent study, we considered severity of ALRTI 
by requirement of supplemental oxygen. We 
observed 89% of ALRTI cases with severe defi-
ciency (>10 ng/ml) and 86% of cases with defi-
ciency of vitamin D (10-20 ng/ml) required oxy-
gen whereas only 29% of cases having vitamin 
D insufficient levels (20-30 ng/ml) required 
oxygen supply for their survival. These results 
indicate that vitamin D deficiency is closely 
associated with severity of ALRTI and corrobo-
rated with earlier observations [22, 23]. 
However, the mechanism how vitamin D offers 
protection against severity of ALRTI is not 
known.

Mostly, vitamin D status of mother closely 
linked with vitamin D levels of infants. A recent 
hospital based study in Turkey showed a posi-
tive association of vitamin D among infants 
and their mothers [19]. Furthermore, adminis-
tration of vitamin D regularly to pregnant 
women during the last 90 days of pregnancy 
and the first 180 days after birth of infant, sig-
nificantly reduced the chances of primary care 
centre visit of infant for ALRTI [24]. Here, in this 
report, we examined the correlation of vitamin 
D levels between infants with ALRTI and their 
mothers, and observed a positive link between 
them (P<0.0001, spearman r=0.57). However, 
further study including larger sample size in dif-
ferent population are required to investigate 
whether exogenous vitamin D supplementation 
to mothers will reduce the frequency and sever-
ity of ALRTI in infants.

In the current study, we do not know the mech-
anism how sufficient levels of vitamin D mini-
mize severity of ALRTI in Chinese infants. 
Possible link between vitamin D status, infec-
tions in children and immune responses has 
been shown in earlier reports [25]. It is also 
noted that vitamin D defends against microbial 
infections by increasing cathelicidin production 
and showed anti-microbial activity through toll-
like receptors [26]. We believe that antimicro-
bial properties of vitamin D3 could be respon-
sible for minimizing ALRTI severity. 

The findings of our study are important because 
it showed vitamin D deficit infants are suscep-
tible to ALRTI. Earlier reports have demonstrat-

ed that appropriate quantity of the vitamin D 
enhances antimicrobial genes expression in 
human cell lines, monocytes and neutrophils 
[27-29]. In addition, vitamin D levels is also 
closely linked to pulmonary function: adults 
having sufficient vitamin D levels have improved 
lung function than those with insufficient vita-
min D [30]. Thus, key inference of the current 
report is that increasing vitamin D levels by 
supplementing exogenous vitamin D in infants 
and their mother during pregnancy period may 
reduce morbidity/mortality risk of Chinese 
infant. 

Acknowledgements

We would like to thank all patients and controls 
enrolled in the present report.

Disclosure of conflict of interest

None.

Address correspondence to: Yuan-Xia Li, De- 
partment of Pediatrics, Affiliated Hospital of Yan’an 
University, No.34, Zhongxin Street, Yan’an, P.R. 
China. Tel: 0086-911-2881002; Fax: 0086-911-
2881002; E-mail: liyuanxia3@hotmail.com

References

[1]	 Afzal S, Brondum-Jacobsen P, Bojesen SE and 
Nordestgaard BG. Vitamin D concentration, 
obesity, and risk of diabetes: a mendelian ran-
domisation study. Lancet Diabetes Endocrinol 
2014; 2: 298-306.

[2]	 Park S and Lee BK. Vitamin D deficiency is an 
independent risk factor for cardiovascular dis-
ease in Koreans aged ≥50 years: results from 
the Korean national health and nutrition ex-
amination survey. Nutr Res Pract 2012; 6: 
162-168.

[3]	 Wang TJ, Pencina MJ, Booth SL, Jacques PF, 
Ingelsson E, Lanier K, Benjamin EJ, D’Agostino 
RB, Wolf M and Vasan RS. Vitamin D deficiency 
and risk of cardiovascular disease. Circulation 
2008; 117: 503-511.

[4]	 Stolzenberg-Solomon RZ, Vieth R, Azad A, Pi-
etinen P, Taylor PR, Virtamo J and Albanes D. A 
prospective nested case-control study of vita-
min D status and pancreatic cancer risk in 
male smokers. Cancer Res 2006; 66: 10213-
10219.

[5]	 Lips P. Worldwide status of vitamin D nutrition. 
J Steroid Biochem Mol Biol 2010; 121: 297-
300.

[6]	 van Schoor NM and Lips P. Worldwide vitamin 
D status. Best Pract Res Clin Endocrinol Metab 
2011; 25: 671-680.



Vitamin D and ALRTI

8002	 Int J Clin Exp Med 2017;10(5):7997-8003

[7]	 Bhalla AK, Amento EP, Serog B and Glimcher 
LH. 1,25-Dihydroxyvitamin D3 inhibits antigen-
induced T cell activation. J Immunol 1984; 
133: 1748-1754.

[8]	 Chen S, Sims GP, Chen XX, Gu YY, Chen S and 
Lipsky PE. Modulatory effects of 1,25-dihy-
droxyvitamin D3 on human B cell differentia-
tion. J Immunol 2007; 179: 1634-1647.

[9]	 Lemire JM, Adams JS, Sakai R and Jordan SC. 
1 alpha,25-dihydroxyvitamin D3 suppresses 
proliferation and immunoglobulin production 
by normal human peripheral blood mononu-
clear cells. J Clin Invest 1984; 74: 657-661.

[10]	 Almerighi C, Sinistro A, Cavazza A, Ciaprini C, 
Rocchi G and Bergamini A. 1Alpha,25-dihy-
droxyvitamin D3 inhibits CD40L-induced pro-
inflammatory and immunomodulatory activity 
in human monocytes. Cytokine 2009; 45: 190-
197.

[11]	 Black RE, Cousens S, Johnson HL, Lawn JE, Ru-
dan I, Bassani DG, Jha P, Campbell H, Walker 
CF, Cibulskis R, Eisele T, Liu L, Mathers C; Child 
Health Epidemiology Reference Group of WHO 
and UNICEF. Global, regional, and national 
causes of child mortality in 2008: a systematic 
analysis. Lancet 2010; 375: 1969-1987.

[12]	 Nair H, Nokes DJ, Gessner BD, Dherani M, Ma-
dhi SA, Singleton RJ, O’Brien KL, Roca A, Wright 
PF, Bruce N, Chandran A, Theodoratou E, Su-
tanto A, Sedyaningsih ER, Ngama M, Munywo-
ki PK, Kartasasmita C, Simoes EA, Rudan I, 
Weber MW and Campbell H. Global burden of 
acute lower respiratory infections due to respi-
ratory syncytial virus in young children: a sys-
tematic review and meta-analysis. Lancet 
2010; 375: 1545-1555.

[13]	 Wayse V, Yousafzai A, Mogale K and Filteau S. 
Association of subclinical vitamin D deficiency 
with severe acute lower respiratory infection in 
Indian children under 5 y. Eur J Clin Nutr 2004; 
58: 563-567.

[14]	 Karatekin G, Kaya A, Salihoglu O, Balci H and 
Nuhoglu A. Association of subclinical vitamin D 
deficiency in newborns with acute lower respi-
ratory infection and their mothers. Eur J Clin 
Nutr 2009; 63: 473-477.

[15]	 Roth DE, Jones AB, Prosser C, Robinson JL and 
Vohra S. Vitamin D status is not associated 
with the risk of hospitalization for acute bron-
chiolitis in early childhood. Eur J Clin Nutr 
2009; 63: 297-299.

[16]	 Yu S, Fang H, Han J, Cheng X, Xia L, Li S, Liu M, 
Tao Z, Wang L, Hou L, Qin X, Li P, Zhang R, Su 
W and Qiu L. The high prevalence of hypovita-
minosis D in China: a multicenter vitamin D 
status survey. Medicine (Baltimore) 2015; 94: 
e585.

[17]	 G R and Gupta A. Vitamin D deficiency in India: 
Prevalence, causalities and interventions. Nu-
trients 2014; 6: 729-775.

[18]	 Mandal M, Tripathy R, Panda AK, Pattanaik SS, 
Dakua S, Pradhan AK, Chakraborty S, Ravin-
dran B and Das BK. Vitamin D levels in Indian 
systemic lupus erythematosus patients: Asso-
ciation with disease activity index and interfer-
on alpha. Arthritis Res Ther 2014; 16: R49.

[19]	 Dinlen N, Zenciroglu A, Beken S, Dursun A, 
Dilli D and Okumus N. Association of vitamin D 
deficiency with acute lower respiratory tract in-
fections in newborns. J Matern Fetal Neonatal 
Med 2016; 29: 928-932.

[20]	 Rudan I, Tomaskovic L, Boschi-Pinto C, Camp-
bell H; WHO Child Health Epidemiology Refer-
ence Group. Global estimate of the incidence 
of clinical pneumonia among children under 
five years of age. Bull World Health Organ 
2004; 82: 895-903.

[21]	 Harris AM, Sempertegui F, Estrella B, Narvaez 
X, Egas J, Woodin M, Durant JL, Naumova EN 
and Griffiths JK. Air pollution and anemia as 
risk factors for pneumonia in Ecuadorian chil-
dren: a retrospective cohort analysis. Environ 
Health 2011; 10: 93.

[22]	 McNally JD, Leis K, Matheson LA, Karuanan-
yake C, Sankaran K and Rosenberg AM. Vita-
min D deficiency in young children with severe 
acute lower respiratory infection. Pediatr Pulm-
onol 2009; 44: 981-988.

[23]	 Inamo Y, Hasegawa M, Saito K, Hayashi R, 
Ishikawa T, Yoshino Y, Hashimoto K and Fuchi-
gami T. Serum vitamin D concentrations and 
associated severity of acute lower respiratory 
tract infections in Japanese hospitalized chil-
dren. Pediatr Int 2011; 53: 199-201.

[24]	 Grant CC, Stewart AW, Scragg R, Milne T, Row-
den J, Ekeroma A, Wall C, Mitchell EA, Crengle 
S, Trenholme A, Crane J and Camargo CA Jr. 
Vitamin D during pregnancy and infancy and 
infant serum 25-hydroxyvitamin D concentra-
tion. Pediatrics 2014; 133: e143-153.

[25]	 Walker VP and Modlin RL. The vitamin D con-
nection to pediatric infections and immune 
function. Pediatr Res 2009; 65: 106R-113R.

[26]	 Liu PT, Stenger S, Li H, Wenzel L, Tan BH, Krut-
zik SR, Ochoa MT, Schauber J, Wu K, Meinken 
C, Kamen DL, Wagner M, Bals R, Steinmeyer A, 
Zugel U, Gallo RL, Eisenberg D, Hewison M, 
Hollis BW, Adams JS, Bloom BR and Modlin RL. 
Toll-like receptor triggering of a vitamin D-me-
diated human antimicrobial response. Science 
2006; 311: 1770-1773.

[27]	 Gombart AF, Borregaard N and Koeffler HP. Hu-
man cathelicidin antimicrobial peptide (CAMP) 
gene is a direct target of the vitamin D receptor 
and is strongly up-regulated in myeloid cells by 
1,25-dihydroxyvitamin D3. FASEB J 2005; 19: 
1067-1077.

[28]	 Ustianowski A, Shaffer R, Collin S, Wilkinson RJ 
and Davidson RN. Prevalence and associa-



Vitamin D and ALRTI

8003	 Int J Clin Exp Med 2017;10(5):7997-8003

tions of vitamin D deficiency in foreign-born 
persons with tuberculosis in London. J Infect 
2005; 50: 432-437.

[29]	 Wang TT, Nestel FP, Bourdeau V, Nagai Y, Wang 
Q, Liao J, Tavera-Mendoza L, Lin R, Hanrahan 
JW, Mader S and White JH. Cutting edge: 
1,25-dihydroxyvitamin D3 is a direct inducer of 
antimicrobial peptide gene expression. J Im-
munol 2004; 173: 2909-2912.

[30]	 Black PN and Scragg R. Relationship between 
serum 25-hydroxyvitamin d and pulmonary 
function in the third national health and nutri-
tion examination survey. Chest 2005; 128: 
3792-3798.


