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Introduction
Acute lower respiratory tract infection, primary 
pneumonia, and bronchiolitis are the most important 
causes of mortality and morbidity in children under 
5 years of age in developing countries (1). In addition, 
bronchiolitis is the most common lower respiratory 
tract infection of viral origin in infants (2). It causes the 
inflammatory obstruction of small airways (3) and is 
common in children under two years of age, especially in 
2 to 8 months of age (4). The symptoms of bronchiolitis 
include cough, rhinorrhea, crackles, wheezing, fever, and 
hypoxemia (5). Further, the causes of this infection are 
respiratory syncytial virus (RSV), rhinovirus, adenovirus, 
coronavirus, influenza, and parainfluenza (6, 7). In more 
than 50% of cases, RSV is the cause of viral bronchiolitis 
and pneumonia in infants and young children (8-10), 
and almost all children have the serological evidence of 
the RSV infection at the age of 2 (11, 12). Most children 

infected with RSV experience mild illness that requires no 
hospitalization. However, RSV-induced bronchiolitis is 
the major cause of hospitalization in infants less than one 
year of age in the United States (13, 14) and is considered 
as a major risk factor for asthma in the future (15).

Serum vitamin D levels can affect the incidence and 
severity of bronchiolitis, especially RSV bronchiolitis 
because vitamin D also has a non-skeletal activity 
that may directly or indirectly affect the severity of 
bronchiolitis (16-18). In addition, vitamin D deficiency 
at birth, which is defined as vitamin D levels less than 
20 ng/mL in the umbilical cord blood, has been reported 
as a risk factor for lower respiratory tract infection with 
RSV during the first year of life (19). Although vitamin D 
status may alter the overall risk of bronchiolitis, there are 
limited data regarding the effect of vitamin D status on the 
severity of the acute episode of bronchiolitis (20). This is 
especially important for children with bronchiolitis who 
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need to be hospitalized because they have a higher risk of 
future disability and asthma (21). Therefore, the present 
study aimed to evaluate the relationship between vitamin 
D levels in the blood and the severity of bronchiolitis in 
infants.

Materials and Methods
The present study was a descriptive-analytical study, and 
the study population included all infants with bronchiolitis 
hospitalized in Bandar Abbas children’s hospital in 2018-
2019. The inclusion criteria included Infants in the age 
range of 1 month to 24 months with the diagnosis of 
bronchiolitis required hospitalization. On the other hand, 
patients with a history of wheezing before the disease, 
history of asthma, immunodeficiency, congenital heart 
and lung disorders, cystic fibrosis in the patient or first-
degree relatives of the patient, history of the regular use of 
anti-reflux drugs, bronchodilators or anti-inflammatory 
drugs, prematurity (gestational age less than 37 weeks), 
and dissatisfaction for participation were excluded from 
the study. The samples were collected for 1 year after 
obtaining the ethical code from the Ethics Committee 
of Hormozgan University of Medical Sciences (IR.
HUMS.REC.1398.063). Accordingly, 85 infants entered 
the study, and sampling was done in an accessible and 
targeted manner. Moreover, the diagnosis of bronchiolitis 
and the need for hospitalization were performed by a 
pediatric infectious disease specialist based on history, 
clinical findings (i.e., wheezing, respiratory distress, and 
decreased arterial oxygen), and paraclinical procedures.

All infants participating in the study were given 3 mL 
of blood samples required to measure the serum levels 
of 25 hydroxyvitamin D by the nurse in the infectious 
disease ward, and the samples were sent according to the 
instructions provided by the reference laboratory and 
partner in the research project. Then, the patients were 
divided into two groups based on serum vitamin D levels 
with insufficient serum levels (less than 30 ng/mL) and 
normal levels (≥30 ng/mL) according to 22. To determine 
the severity of bronchiolitis, patients were rated according 
to Table 1 and classified into three groups with mild (less 

than 7), moderate (8 to 14 points), and severe (15 to 21 
points) intensity. This scoring system consists of 7 factors, 
each of which obtains 1 point to 3 points (23). The severity 
of bronchiolitis was measured by the assistant specialist 
of the pediatric center, and finally, the information was 
recorded in a researcher-made checklist.

Statistical Procedures
The data were analyzed using the SPSS package (version 
22.0) and descriptive tests such as frequency, percentage, 
mean, and standard deviation. Moreover, Mann-Whitney 
U-test, Fisher’s exact test, Kruskal-Wallis, Spearman’s 
correlation coefficient, logistic regression, and odds ratio 
(OR) were run to analyze the data. The level of significance 
was set at P ≤ 0.05.

Results 
Of the total studied population, 53 (62.4%) and 32 
(37.6%) cases were male and female infants, respectively. 
The mean age of the total study population was 6.05 ± 4.41 
months, and this mean was 5.94 ± 3.98 and 6.25 ± 5.23 in 
male and female populations, respectively (P = 0.650). In 
addition, 22 (25.9%), 57 (67.05%), and 6 (7.05%) infants 
were in the group with mild-, moderate-, and severe-
intensity bronchiolitis, respectively. Further, 46 (54.1%) 
infants had insufficient vitamin D levels while 39 (45.9%) 
cases had normal vitamin D levels. Based on the results 
(Table 2), no significant statistical association was found 
between gender and bronchiolitis severity (P = 0.463). On 
the other hand, a statistically significant difference was 
reported (Table 3) between the mean age in the group 
with mild, moderate, and severe bronchiolitis (P < 0.001). 
In other words, the mean age differences between mild 
and moderate (P = 0.002), mild and severe (P < 0.001), and 
severe and moderate groups (0.030) were significant. The 
results (Table 3) also revealed a statistically significant 
difference between the mean age in the group with 
insufficient and normal vitamin D levels (P < 0.001).

The association of the severity of bronchiolitis with 
vitamin D status (levels <30 and ≥30 ng/mL) was 
measured using the Fisher’s test and the results (Table 4) 

Table 1. Standard Bronchiolitis Severity Score

Items Score 1 Score 2 Score 3

Respiratory rate

1-2 month(s) 60 ≤ 61-69 ≥70

2 months -1 year> 50 ≤ 51-59 ≥60

1 year> 40 ≤ 41-44 ≥4

Cyanosis Normal Peripheral Central

SpO2 94-100% 90-93% 89% ≤

Sensorium Mild irritable but easy to console Difficult to console Lethargy/ drowsy

Nasal flare/retraction (SC, IC, and SCS) Max: 4 1 2 3 or 4

Feeding Normal ≥50% <50%

Air entry/wheeze
Normal, scattered rhonchi/crepitation, 

end expiratory
Fair, rhonchi/rales in both 
inspiration and expiration

Poor, grunt, rhonchi, and 
crepitation

Note. SpO2: oxygen level or saturation; SC: subcostal; IC: intercostal; SCS: suprasternal and supraclavicular. 
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demonstrated a significant association (P = 0.007).
According to the logistic regression test, the chance 

of vitamin D sufficiency (≥30 ng/mL) in the moderate 
bronchiolitis group was 0.339 (OR = 0.339, P = 0.042) 
compared to the mild-intensity group while that of the 
severe bronchiolitis group was zero compared to the mild 
bronchiolitis group.

Discussion
Numerous studies have shown that infants with low levels 
of 25 hydroxy (OH)-vitamin D taken from the umbilical 
cord blood are at a higher risk for acute nasopharyngitis 
(24), lower respiratory tract infections (25-27), and RSV 
bronchiolitis (19). Additionally, evidence represents the 
role of the effects of calcium and vitamin D homeostasis on 
innate and acquired immunity thus vitamin D deficiency 
is associated with an increased risk of acute respiratory 
infections in both children and adults. Some immune 
system cells such as dendritic cells and macrophages have 
vitamin D receptors, which stimulate the production 
of human cathelicidin protein-18. This increases the 
capacity of phagocytes and activates anaphylactoid factors 
for the migration of neutrophils and monocytes to the site 
of the infection (28).

In the present study, the ratio of male to female was 
1.65 and the mean age was about 6 months. In a study 
by Beigelman et al (29), the mean age was 4.3 months 
and 61% of cases were male patients. In the present study, 
25.9%, 67.05%, and 7.05% had mild, moderate, and severe 

bronchiolitis, respectively. In addition, 54.1% had vitamin 
D levels less than 30 ng/mL. In another study by Fairchok 
et al (22), 66% of vitamin D was less than 30 ng/mL. In 
the current study, the mean serum level of vitamin D 
among the study population was 29.74 ng/mL. Similarly, 
Beigelman et al (29) reported that the average amount of 
the level of serum 25 OH-vitamin D was 36.8 ng/mL. In 
the present study, a statistically significant relationship 
was found between the severity of bronchiolitis and age 
so that the lowest mean age was related to the severe 
bronchiolitis group while the highest mean belonged to 
the group with mild bronchiolitis. Accordingly, age is 
inversely related to the severity of bronchiolitis and more 
severe bronchiolitis occurs at younger ages.

In the present study, the serum levels of vitamin D in 
the study population was increased by increasing the 
age average. In the above-mentioned study, the group of 
children with vitamin D deficiency was younger compared 
to participants who had more vitamin D, and the average 
amount of vitamin D deficiency was equal to 20 ng/mL. 
This association was also found in the present study, 
which may be due to vitamin D deficiency in breast milk. 
According to the report by Fairchok et al (22), infants 
with insufficient vitamin D develop more severe viral 
respiratory disease. Breastfeeding is linked to vitamin 
D deficiency, and the use of vitamin D supplementation 
during pregnancy can reduce the risk and severity of 
respiratory disorders in infants. In the present study, 
the chances of vitamin D adequacy (≥30 ng/mL) in the 
moderate bronchiolitis group were significantly lower 
compared to the mild bronchiolitis group, and those of 
the group with severe bronchiolitis were zero compared 
to the mild bronchiolitis group. Clinical findings have 
shown an increase in viral respiratory infections in 
infants and children with insufficient levels of 25 OH-
vitamin D (24-27). The results of a prospective study of 
28 Japanese children hospitalized with a lower respiratory 
tract infection demonstrated a significant association 
between vitamin D deficiency with excess oxygen and 
ventilation with the ventilator (30). In addition, Garg et 
al (1) reported that subclinical vitamin D deficiency is 
an important risk factor for the acute lower respiratory 
tract infection in children under 5 years of age. However, 
Beigelman et al (29) concluded that vitamin D deficiency 
is uncommon in children hospitalized with bronchiolitis 
RSV.

It is recommended that more detailed studies be 
performed prospectively including higher sample sizes 
to investigate the effects of vitamin D deficiency on the 
severity of bronchiolitis in infants. It is best to do studies 
with a stronger methodology such as a case-control 
method in order to measure the serum levels of vitamin 
D in healthy, asymptomatic children compared with 
the study group. It is also suggested that future studies 
consider the nutritional status of the infant (breastfeeding 
and the like). Therefore, the most important limitations 

Table 2. The Relationship Between Gender and Severity of Bronchiolitis 

Gender

Severity of Bronchiolitis
P 

Value
Mild Moderate Severe

No. % No. % No. %

Male 16 30.2 33 62.3 4 7.5
0.463

Female 6 18.8 24 75 2 6.2

Table 3. Comparison of Mean Age Based on Bronchiolitis Severity and 
Vitamin D Status

Variable Sub-group
Age (months)

P value
Mean Standard Deviation

Severity of 
bronchiolitis

Mild 9.27 4.52

<0.001Moderate 3.95 5.12

Severe 1.16 3.16

Vitamin D 
status

<30 ng/mL 4.17 3.15
<0.001

≥30 ng/mL 8.28 4.69

Table 4. The Relationship Between Vitamin D Status and Severity of 
Bronchiolitis 

Vitamin D 
Status

Severity of Bronchiolitis

P ValueMild Moderate Severe

No. % No. % No. %

<30 ng/mL 7 31.8 33 57.9 6 100
0.007

≥30 ng/mL 15 68.2 24 42.1 0 0

http://iejm.hums.ac.ir
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of the present study were the low sample size, the lack of a 
control group, and the lack of the study of infant nutrition.

Conclusion
According to the results of the present study, more than 
half of the infants admitted to the diagnosis of bronchiolitis 
had insufficient serum levels of vitamin D. There was 
also a significant association between the severity of 
bronchiolitis and serum vitamin D levels. Therefore, the 
level of vitamin D should be regularly checked in infants, 
and supplements be prescribed if needed.

Conflict of Interest Disclosures 
The authors declare that they have no conflict of interests.

Acknowledgements
Hereby, we wish to express our thanks to all those participating 
in this research project. The appreciation especially goes to the 
respected professors and personnel of the child hospital in Bandar 
Abbas. The gratitude is further extended to the Pediatric Research 
Center, and the Student Research Committee of Hormozgan 
University of Medical Sciences. 

Ethical Statement
The study was approved by the Ethics Committee of Hormozgan 
University of Medical Sciences (IR.HUMS.REC.1398.063). 
Patients’ information was kept confidential throughout the research 
procedure. 

Authors’ Contribution
All authors contributed to the proposal and design of the study, the 
acquisition of the data, as well as data analysis and interpretation. 
Furthermore, they cooperated on drafting the article and revising it 
critically for important intellectual content, along with approving 
the final version of the study for submission.

Funding/Support
The study was supported by Hormozgan University of Medical 
Sciences.

Informed Consent
The present study was conducted after obtaining informed consent 
from all participants.

References
1.	 Garg D, Sharma VK, Karnawat BS. Association of serum 

vitamin D with acute lower respiratory infection in Indian 
children under 5 years: a case control study. Int J Contemp 
Pediatrics. 2016;3(4):1164-9. doi: 10.18203/2349-3291.
ijcp20163141.

2.	 Dawson-Caswell M, Muncie HL Jr. Respiratory syncytial virus 
infection in children. Am Fam Physician. 2011;83(2):141-6.

3.	 Campbell AG. Respiratory. In: Campbell AG, McIntosh N, eds. 
Forfar and Arneil’s Textbook of Pediatrics. 6th ed. Edinburgh: 
Churchill Livingstone; 2003. p. 778-80.

4.	 Beattie T. Bronchiolitis. In: Cameron P, Jelink G, Everitt I, 
Browne G, eds. Textbook of Paediatric Emergency Medicine. 
London: Churchill Livingstone; 2006. p. 154-7 .

5.	 Meissner HC. Viral bronchiolitis in children. N Engl J Med. 
2016;374(1):62-72. doi: 10.1056/NEJMra1413456.

6.	 Smyth RL, Openshaw PJ. Bronchiolitis. Lancet. 
2006;368(9532):312-22. doi: 10.1016/s0140-
6736(06)69077-6.

7.	 Ralston SL, Lieberthal AS, Meissner HC, Alverson BK, Baley 
JE, Gadomski AM, et al. Clinical practice guideline: the 

diagnosis, management, and prevention of bronchiolitis. 
Pediatrics. 2014;134(5):e1474-502. doi: 10.1542/peds.2014-
2742.

8.	 Glezen WP, Taber LH, Frank AL, Kasel JA. Risk of primary 
infection and reinfection with respiratory syncytial virus. 
Am J Dis Child. 1986;140(6):543-546. doi:10.1001/
archpedi.1986.02140200053026.

9.	 Coates BM, Camarda LE, Goodman DM. Wheezing in infants: 
bronchiolitis. In: Kliegman RM, Stanton BF, St Geme JW, Schor 
NF, eds. Nelson Textbook of Pediatrics. 20th ed. Philadelphia: 
Elsevier Saunders; 2016. p. 2044-7.

10.	 Polack FP, Teng MN, Collins PL, Prince GA, Exner M, Regele 
H, et al. A role for immune complexes in enhanced respiratory 
syncytial virus disease. J Exp Med. 2002;196(6):859-65. doi: 
10.1084/jem.20020781.

11.	 Simoes EA. Respiratory syncytial virus infection. 
Lancet. 1999;354(9181):847-52. doi: 10.1016/s0140-
6736(99)80040-3.

12.	 Carroll KN, Wu P, Gebretsadik T, Griffin MR, Dupont WD, 
Mitchel EF, et al. Season of infant bronchiolitis and estimates 
of subsequent risk and burden of early childhood asthma. J 
Allergy Clin Immunol. 2009;123(4):964-6. doi: 10.1016/j.
jaci.2008.12.011.

13.	 Leader S, Kohlhase K. Respiratory syncytial virus-coded 
pediatric hospitalizations, 1997 to 1999. Pediatr Infect Dis 
J. 2002;21(7):629-32. doi: 10.1097/00006454-200207000-
00005.

14.	 Leader S, Kohlhase K. Recent trends in severe respiratory 
syncytial virus (RSV) among US infants, 1997 to 2000. J 
Pediatr. 2003;143(5 Suppl):S127-32. doi: 10.1067/s0022-
3476(03)00510-9.

15.	 Bacharier LB, Cohen R, Schweiger T, Yin-Declue H, Christie C, 
Zheng J, et al. Determinants of asthma after severe respiratory 
syncytial virus bronchiolitis. J Allergy Clin Immunol. 
2012;130(1):91-100.e3. doi: 10.1016/j.jaci.2012.02.010.

16.	 Bozzetto S, Carraro S, Giordano G, Boner A, Baraldi E. 
Asthma, allergy and respiratory infections: the vitamin D 
hypothesis. Allergy. 2012;67(1):10-7. doi: 10.1111/j.1398-
9995.2011.02711.x.

17.	 Hollams EM. Vitamin D and atopy and asthma phenotypes in 
children. Curr Opin Allergy Clin Immunol. 2012;12(3):228-
34. doi: 10.1097/ACI.0b013e3283534a32.

18.	 Litonjua AA. Vitamin D deficiency as a risk factor for childhood 
allergic disease and asthma. Curr Opin Allergy Clin Immunol. 
2012;12(2):179-85. doi: 10.1097/ACI.0b013e3283507927.

19.	 Belderbos ME, Houben ML, Wilbrink B, Lentjes E, Bloemen 
EM, Kimpen JL, et al. Cord blood vitamin D deficiency is 
associated with respiratory syncytial virus bronchiolitis. 
Pediatrics. 2011;127(6):e1513-20. doi: 10.1542/peds.2010-
3054.

20.	 Mansbach JM, Piedra PA, Borregaard N, Martineau AR, 
Neuman MI, Espinola JA, et al. Serum cathelicidin level is 
associated with viral etiology and severity of bronchiolitis. 
J Allergy Clin Immunol. 2012;130(4):1007-8.e1. doi: 
10.1016/j.jaci.2012.07.044.

21.	 Carroll KN, Wu P, Gebretsadik T, Griffin MR, Dupont WD, 
Mitchel EF, et al. The severity-dependent relationship of infant 
bronchiolitis on the risk and morbidity of early childhood 
asthma. J Allergy Clin Immunol. 2009;123(5):1055-61, 61.e1. 
doi: 10.1016/j.jaci.2009.02.021.

22.	 Fairchok M, Schofield C, Chen WJ, Pugh M, Bigg H, Arnold 
JC, et al. Inverse correlation between 25-OH vitamin D 
levels and severity of viral respiratory illness in infants. J 
Infect Dis Epidemiol. 2017;3(2):030. doi: 10.23937/2474-
3658/1510030.

23.	 Rudhan RP, Biswal N. Simplified bronchiolitis severity 

http://iejm.hums.ac.ir
http://iejm.hums.ac.ir
https://doi.org/10.18203/2349-3291.ijcp20163141
https://doi.org/10.18203/2349-3291.ijcp20163141
https://doi.org/10.1056/NEJMra1413456
https://doi.org/10.1016/s0140-6736(06)69077-6
https://doi.org/10.1016/s0140-6736(06)69077-6
https://doi.org/10.1542/peds.2014-2742
https://doi.org/10.1542/peds.2014-2742
http://doi.org/10.1001/archpedi.1986.02140200053026
http://doi.org/10.1001/archpedi.1986.02140200053026
https://doi.org/10.1084/jem.20020781
https://doi.org/10.1016/s0140-6736(99)80040-3
https://doi.org/10.1016/s0140-6736(99)80040-3
https://doi.org/10.1016/j.jaci.2008.12.011
https://doi.org/10.1016/j.jaci.2008.12.011
https://doi.org/10.1097/00006454-200207000-00005
https://doi.org/10.1097/00006454-200207000-00005
https://doi.org/10.1067/s0022-3476(03)00510-9
https://doi.org/10.1067/s0022-3476(03)00510-9
https://doi.org/10.1016/j.jaci.2012.02.010
https://doi.org/10.1111/j.1398-9995.2011.02711.x
https://doi.org/10.1111/j.1398-9995.2011.02711.x
https://doi.org/10.1097/ACI.0b013e3283534a32
https://doi.org/10.1097/ACI.0b013e3283507927
https://doi.org/10.1542/peds.2010-3054
https://doi.org/10.1542/peds.2010-3054
https://doi.org/10.1016/j.jaci.2012.07.044
https://doi.org/10.1016/j.jaci.2009.02.021
https://doi.org/10.23937/2474-3658/1510030
https://doi.org/10.23937/2474-3658/1510030


Rahmati et al

Int Electron J Med. Vol 9, No 3, 2020100 iejm.hums.ac.irhttp

score for health care providers. Int J Contemp Pediatrics. 
2019;6(3):1259-62. doi: 10.18203/2349-3291.ijcp20192024.

24.	 Shin YH, Yu J, Kim KW, Ahn K, Hong SA, Lee E, et al. 
Association between cord blood 25-hydroxyvitamin D 
concentrations and respiratory tract infections in the first 6 
months of age in a Korean population: a birth cohort study 
(COCOA). Korean J Pediatr. 2013;56(10):439-45. doi: 
10.3345/kjp.2013.56.10.439.

25.	 Mohamed WA, Al-Shehri MA. Cord blood 25-hydroxyvitamin 
D levels and the risk of acute lower respiratory tract infection 
in early childhood. J Trop Pediatr. 2013;59(1):29-35. doi: 
10.1093/tropej/fms042.

26.	 Łuczyńska A, Logan C, Nieters A, Elgizouli M, Schöttker 
B, Brenner H, et al. Cord blood 25(OH)D levels and the 
subsequent risk of lower respiratory tract infections in 
early childhood: the Ulm birth cohort. Eur J Epidemiol. 
2014;29(8):585-94. doi: 10.1007/s10654-014-9918-z.

27.	 Karatekin G, Kaya A, Salihoğlu O, Balci H, Nuhoğlu A. 

Association of subclinical vitamin D deficiency in newborns 
with acute lower respiratory infection and their mothers. Eur 
J Clin Nutr. 2009;63(4):473-7. doi: 10.1038/sj.ejcn.1602960.

28.	 Gombart AF, Borregaard N, Koeffler HP. Human 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(9):1067-
77. doi: 10.1096/fj.04-3284com.

29.	 Beigelman A, Castro M, Schweiger TL, Wilson BS, Zheng J, 
Yin-DeClue H, et al. Vitamin D levels are unrelated to the 
severity of respiratory syncytial virus bronchiolitis among 
hospitalized infants. J Pediatric Infect Dis Soc. 2015;4(3):182-
8. doi: 10.1093/jpids/piu042.

30.	 Inamo Y, Hasegawa M, Saito K, Hayashi R, Ishikawa T, Yoshino 
Y, et al. Serum vitamin D concentrations and associated 
severity of acute lower respiratory tract infections in Japanese 
hospitalized children. Pediatr Int. 2011;53(2):199-201. doi: 
10.1111/j.1442-200x.2010.03224.x.

http://iejm.hums.ac.ir
https://doi.org/10.18203/2349-3291.ijcp20192024
https://doi.org/10.3345/kjp.2013.56.10.439
https://doi.org/10.1093/tropej/fms042
https://doi.org/10.1007/s10654-014-9918-z
https://doi.org/10.1038/sj.ejcn.1602960
https://doi.org/10.1096/fj.04-3284com
https://doi.org/10.1093/jpids/piu042
https://doi.org/10.1111/j.1442-200x.2010.03224.x

