
Observational Study Medicine®

OPEN
Association between serum 25-hydroxyvitamin D
concentration and pulmonary infection in children
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Abstract
We assessed the relationship between serum 25-hydroxyvitamin D (25(OH)D) level and community-acquired pneumonia (CAP)
among Chinese children.
This observational study examined children aged 3 days to 14 years (n=1582) from the Capital Institute of Pediatrics in 2009 to

2011. There were 797 children in the CAP group and 785 controls. The CAP group was divided into 2 groups: a pneumonia group
and pneumonia-induced sepsis group. The serum 25(OH)D level was estimated using micro whole blood chemiluminescence.
The average serum 25(OH)D level in all samples was 25.32±14.07ng/mL, with the CAP group showing a lower value than the

control group (P< .001). There were also significant differences between the pneumonia group and pneumonia-induced sepsis
group (P< .001). In the pneumonia-induced sepsis group, significant differences in serum 25(OH)D levels were observed in children
who received mechanical ventilation or presenting with multiple organ dysfunction (P< .01).
All serum 25(OH)D levels in the pneumonia group and pneumonia-induced sepsis group were below normal levels, particularly in

the sepsis group. A lower serum 25(OH)D level was associated with more serious symptoms in CAP children. Children with low
serum 25(OH)D levels may be at higher risk of receiving mechanical ventilation and presenting with multiple organ dysfunction. These
findings suggest that vitamin D supplements are beneficial for the treatment and prevention of CAP.

Abbreviations: 25(OH)D = 25-hydroxyvitamin D, CAP = community-acquired pneumonia, MODS = multiple organ dysfunction
syndrome, ROC = receiver operating characteristic, UV = ultraviolet, VD = Vitamin D.
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1. Introduction

Community-acquired pneumonia (CAP) is the most common
reason for hospitalization among children and primary cause of
death among children under 5 years of age.[1] In the developing
world, CAP is more common and severe than in countries in
Europe and North America, and is the largest cause of child
death.[2,3] Approximately 30% child deaths are attributed to
CAP (4 million deaths per year) in developing countries, with
two-thirds of these deaths occurring during infancy.
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Examining the risk factors and initiating and developing
effective interventions are essential for slowing or preventing the
development of CAP and its related complications later in life.
CAP is mainly caused by viral, bacterial, fungal, and mycoplasma
infections, and is associated with pediatric physiological
construction and immunological characteristics. Vitamin D
deficiency may cause immunologic disorders.[4] The action of
vitamin D is mediated via vitamin D receptors,[5] which are
present in nearly all types of immune cells, including activated
CD4+ and CD8+ T cells, B cells, neutrophils, macrophages, and
dendritic cells. Vitamin D deficiency affects immune function to
decrease the host defenses against infections in children. Some
clinical researches indicated that vitamin D can protect children
from lung infection. Children with vitamin D insufficiency or
deficiency are more susceptible to respiratory infection.[3] Serum
25-hydroxyvitamin D (25(OH)D) level is an internationally
accepted standard for evaluating vitamin D nutritional status.[6]

The incidence of respiratory infection decreases dramatically
when the serum 25(OH)D level is higher than 38ng/mL.[7] Other
studies revealed an association between lung infection and serum
25(OH)D level.[8]

Sepsis is a relatively common and often lethal response to an
infection. It is a common reason for hospital admission and
significant healthcare burden worldwide. In the United States,
there were 4.07 million cases of septicemia from 1995 to 2000,
causing 730,000 deaths.[9] A review of the epidemiological
features associated with septicemia and UVB doses in the United
States indicated that vitamin D variations may explain much of
the epidemiology of septicemia in the United States.[10] It has been
demonstrated that patients with sepsis have a high prevalence of
vitamin D deficiency.[11,12] Given its high morbidity and
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Table 2

Baseline demographics of the CAP group and the control group.

Number, %

CAP group Control group P

Age
Mean (number) 37.75±1.30 (797) 39.34±1.37 (785) .226
<12 236 (29.6%) 223 (28.4%) .782
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mortality, the optimal management of sepsis is an active area of
research. In this study, we examined children aged 3 days to 14
years at the Capital Institute of Pediatrics from 2009 to 2011 to
assess their vitamin D nutritional status and investigated the
relationship between CAP and serum 25(OH)D level, an
internationally accepted stability index of vitamin D nutritional
status.
[13]

12–35 215 (27%) 217 (27.6%)
36–83 261 (32.7%) 250 (31.8%)
>84 85 (10.7%) 95 (12.1%)

Gender
Male 429 (53.8%) 426 (54.3%) .880
Female 368 (46.2%) 359 (45.7%)

CAP= community-acquired pneumonia.

Table 3

Baseline demographics of the sepsis group and the pneumonia
2. Patients and methods

2.1. Collection and preparation of clinical samples

We collected patients from the Capital Institute of Pediatrics,
Beijing, China from January 2009 to December 2011, using a
case–control approach to obtain a representative sample in
Beijing. The exclusion criteria excluded children with severe
congenital diseases or malnutrition. All 797 participants were
from a Chinese Han population with an average age of 3.15 years
(range: 3 days to 14 years). An additional 785 matched subjects
with an average age of 3.28 years (range: 1 month to 12 years)
were selected from the general population in Beijing to serve as
normal controls (Table 1). The CAP group consisted of 429 boys
and 368 girls aged 3 days to 14 years diagnosed with CAP, while
the control group consisted of 426 boys and 359 girls aged from 1
month to 12 years diagnosed as healthy. Because most sepsis
cases are due to respiratory infections, we divided the CAP group
into 2 subgroups based on the presence of sepsis. The sepsis group
consisted 255 boys and 178 girls aged from 10 days to 13 years
diagnosed with pneumonia-induced sepsis. The pneumonia
group consisted 174 boys and 190 girls aged 3 days to 14 years
diagnosed with pneumonia only. Clinical assessment was
conducted by doctors at the Capital Institute of Pediatrics.
Tables 2 and 3 show the baseline characteristics of all groups.
Seasons of the year were defined according to the date of

hospital admission or physical examination in 4-month periods:
spring (March, April, May), summer (June, July, August),
autumn (September, October, November), and winter (Decem-
ber, January, February).
The children were fed by 400IU vitamin D daily from birth to 2

years old. Venous blood specimens were collected after informed
consent was obtained from 797 hospitalized children on the
second day of hospitalization and 785 healthy children on the
physical examination day. Samples were obtained in anti-
coagulated tubes and centrifuged for 5minutes at 4000rpm.
Plasma and blood cells were collected and stored at�20°C before
analysis. The protocols for the study and written consent were
approved by the ethics committee of the Capital Institute of
Pediatrics at Beijing, China (Approval ID: SHERLL 2013075).
Table 1

Characteristic of patients.

CAP group (n=797) Control group (n=785)

Characteristic No. % No. %

Age, y
Mean and range 3.15 (0.01–14.0) 3.28 (0.1–12.0)

Gender
Boy 429 53.8 426 54.3
Girl 368 46.2 359 45.7

Sepsis
Yes 433 54.3 — —

No 414 45.7 — —

CAP= community-acquired pneumonia.

2

CAPwas diagnosed based on clinical findings (fever, cough,
chest pain, and difficulty breathing), physical examination
findings (tachypnea, chest retraction, and decreased breath
sounds or rales), and radiological findings. Chest radiographs
were evaluated by a radiologist trained in reading and
interpreting radiographs according to World Health Organiza-
tion criteria. Systemic inflammatory response syndrome was
confirmed in accordance with a previously described defini-
tion[14]: at least 2 of the following 4 criteria must be met, one of
which must be abnormal temperature or leukocyte count: core
temperature >38.5 or <36.0°C; tachycardia, defined as a mean
heart rate >2 SD above normal for age; or for children <1 year
old, bradycardia, defined as a mean heart rate <10th percentile
for age; mean respiratory rate >2 SD above normal for age; and
leukocyte count elevated or depressed for age or>10% immature
neutrophils.
Sepsis, according to the American College of Chest Physicians,

European Society of Intensive Care Medicine, Society of Critical
Care Medicine, American Thoracic Society, and Surgical
Infection Society consensus definition,[15] was defined as systemic
inflammatory response syndrome due to a known source of
infection. Bacteremia, defined as positive blood cultures, was not
required to meet the diagnostic criteria for sepsis.
Multiple organ dysfunction syndrome (MODS)[16] was defined

as “the development of potentially reversible physiologic
derangement involving 2 or more organ systems not involved
in the disorder that resulted in ICU admission, and arising in the
wake of a potentially life threatening physiologic insult.”
group.

Number, %

Sepsis group Pneumonia group P

Age
Mean (number) 36.55±1.83 (433) 39.18±1.88 (364) .319
<12 149 (34.4%) 87 (23.9%) .000
12–35 107 (24.7%) 108 (29.7%)
36–83 120 (27.7%) 141 (38.7%)
>84 57 (13.2%) 28 (7.7%)

Gender
Male 255 (55.8%) 174 (47.8%) .03
Female 178 (44.2%) 190 (52.2%)

Mechanical ventilation 132 (30.5%) 0 (0%) .000
Multiple organ dysfunction 115 (26.6%) 0 (0%)



Table 4

The correlation between vitamin D and the various indicators.

Age Gender Season Sepsis Health

Vitamin D �0.318
∗ �0.005 �0.278

∗
0.480

∗
0.450

∗

∗
Significant correlation at 0.01 level. The serum 25(OH)D levels of different age groups.

Figure 2. Distribution of vitamin D nutritional status in different age groups.
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Individuals with CAP who also had coexisting diagnoses of
other diseases, such as chronic lung diseases, blood disorders,
kidney diseases, heart diseases, chronic digestive diseases, and
connective tissue diseases, were excluded.
3. Methods

The serum 25(OH)D level was estimated by the Capital Institute
of Pediatrics using microwhole blood chemiluminescence with
Fluoroskan (DiaSorin Liaison, Stillwater, MN), which recently
received FDA clearance letter (510K). The assay has an intra-
assay coefficient of variation of 9% and interassay coefficient of
variation of 11%. For categorical analysis of the serum 25(OH)D
level, we used cutoffs of <10ng/mL for severe deficiency, 10 to
20ng/mL for deficiency, 20 to 30ng/mL for insufficiency, and
>30ng/mL for sufficiency, as described previously.[17]
3.1. Statistical analysis

Statistical analyses were performed using SPSS Statistics 20.0
(SPSS, Inc., Chicago, IL). We utilized t test for continuous
variables and Chi-square (x2) test for categorical variables. The
ability of the models to predict the development of sepsis was
assessed using receiver operating characteristic (ROC) analysis
and the area under the curve was calculated. A two-tailed P-value
of <.05 was considered statistically significant.
4. Results

4.1. Serum 25(OH)D level of total samples

There were 855 boys and 727 girls aged 3 days to 14 years, with
an average age was 3.21 years. The average serum 25(OH)D level
of these children was 25.32 (14.07)ng/mL, indicating vitamin D
insufficiency. There were no significant differences between the
855 boys and 727 girls.
Figure 1. Concentration of serum 25(OH)D in different age groups. ∗P� .05.

3

We examined the relationship between vitamin D and related
variables and found that vitamin D levels were associated with
age, season, health status, and sepsis, with age and season
showing negative correlations (Table 4). We divided the patients
into 4 groups, <12 months, 12 to 35 months, 36 to 83 months,
and >84 months, and compared the vitamin D content between
groups. The serum 25(OH)D levels differed in children of
different ages. With increasing age, serum 25(OH)D concentra-
tion and volatility gradually decreased (Fig. 1).

4.2. Vitamin D nutritional status in different age groups

Vitamin D nutritional status was divided into 4 categories, and 4
types of nutritional status at all ages varied. The 0- to 11-month
group was more likely to have severe deficiency, while for
sufficiency and insufficiency, the 36- to 83-month age group was
likely to show severe deficiency (Fig. 2).

4.3. Serum 25(OH)D concentration in different seasons

There were 344 children in spring, 234 children in summer, 430
children in autumn, and 574 children in winter. Serum 25(OH)D
levels in different seasons differed, with the highest levels in the
summer group and lowest in the winter group (Fig. 3). There were
no significant differences between the CAP group and control
group.
Figure 3. Distribution of serum 25(OH)D levels in different season groups.
∗P� .05.
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Figure 4. Comparison of vitamin D nutritional status between the CAP group
and control group. ∗∗∗∗P� .0001.

Figure 6. Comparison of vitamin D nutritional status between the pneumonia
group and sepsis group. ∗∗∗∗P� .0001.
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4.4. Comparison of serum 25(OH)D concentration between
CAP group and control group

The average serum 25(OH)D concentration was 19.04±9.86ng/
mL in the CAP group and 31.71±14.82ng/mL in the control
group. There were significant differences between the 2 groups
(P< .001).
The proportions of subjects different vitamin D nutritional

statuses among the CAP group and control group are shown in
Fig. 4. The proportion of sufficient vitamin D in the CAP group
was lower than that of the control group. The proportion of
deficient or severely deficient vitamin D in the CAP group was
higher than that in the control group.

4.5. Comparison of serum 25(OH)D concentration between
CAP group and control group for different age groups

In the control group, serum 25(OH)D concentration gradually
decreasedwith age,while theCAPgroupdidnot show this trend; in
different age groups, serum 25(OH)D concentration in the CAP
group was consistently lower than in the control group (Fig. 5).

4.6. Comparison of serum 25(OH)D concentration between
pneumonia group and sepsis group

The average serum 25(OH)D concentration was 22.69±9.56ng/
mL in the pneumonia group and 15.96±9.03ng/mL in the sepsis
group. There were significant differences between the 2 groups
(P< .001).
Figure 5. Comparison of serum 25(OH)D concentration between the CAP
group and control group of different age groups. ∗∗∗P� .001; ∗∗∗∗P� .0001.

4

The proportions of children with different vitamin D
nutritional status among the pneumonia group and sepsis group
are shown in Fig. 6. The proportion of sufficiency and
insufficiency in vitamin D in the pneumonia group was higher
than that in the sepsis group. The proportion of deficiency or
severe deficiency in vitamin D in the pneumonia group was lower
than that in the sepsis group (Fig. 6).

4.7. Serum 25(OH)D concentration in the sepsis group

In patients with sepsis, serum 25(OH)D concentrations were
lower than in patients with no relevant symptoms, serum 25(OH)
D concentration in patients who needed mechanical ventilation
was lower than in those who did not need mechanical ventilation,
and lower in MODS patients than in No-MODS patients. We
divided the patients into 4 groups: MODS without MV, MODS
withoutMV,MODSwithoutMV, andMODSwithMV. Disease
severity was correlated with serum 25(OH)D concentration
(Fig. 7).
Figure 7. Comparison of vitamin D nutritional status between (A) MODS and
No MODS; (B) MV and No MV; (C) NMODS+NMV, NMODS+MV, MODS+
NMV, MODS+MV group. ∗P� .05, ∗∗P� .01, ∗∗∗∗P� .0001.



Figure 8. ROC curve of (A) pneumonia-induced sepsis in CAP patients; (B) CAP patients; (C) sepsis in normal subjects.
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4.8. Diagnostic accuracy evaluation using ROC curve in
sepsis group

The association between serum 25(OH)D levels and pneumonia-
induced sepsis in CAP patients was determined by logistic
regression analysis with an odds ratio (OR)=1.190 (Fig. 8A).
The area under the ROC curve was 0.704. The cut-off value of
the serum 25(OH)D level was 18.15ng/mL, while its sensitivity
was 67.69% and specificity was 64.9%.
The association between serum 25(OH)D levels and CAP was

determined by logistic regression analysis with an OR=2.157
(Fig. 8B). The area under the ROC curve was 0.687. The cut-off
value of the serum 25(OH)D level was 30.0ng/mL, while its
sensitivity was 47.8% and specificity was 79.3%.
The association between serum 25(OH)D levels and sepsis was

determined by logistic regression analysis with an OR=1.813
(Fig. 8C). The area under the ROC curve was 0.837. The cut-off
value of the serum 25(OH)D level was 19.73ng/mL, while its
sensitivity was 81.4% and specificity was 70.0%.
5. Discussion

Vitamin D is synthesized in the skin after exposure to ultraviolet B
radiation and intake of food or supplements. Thus, serum25(OH)D
concentration may also show seasonal variation. In Northern
Europe,[18,19] vitamin D status is the highest during summer and
lowest inwinter. In our study, the average25(OH)D level in all 1582
children was insufficient. Serum 25(OH)D level reach the lowest
levels in winter and highest in summer. Interestingly, this seasonal
variation resembles the described seasonal variation of some
infectious diseases, including sepsis.[20,21] This indicates that
infectious diseases are related to serum 25(OH)D levels. The serum
25(OH)D level in the CAP group was lower than that in the control
group, suggesting that the serum 25(OH)D level is associated with
the susceptibility toCAP.McNally et al[7] reported large numbers of
children admitted to pediatric intensive care units with pneumonia
had vitaminD deficiency. In our study, the serum 25(OH)D level of
the sepsis group was lower than that of the pneumonia group. This
suggests that serum 25(OH)D level is a useful marker for
discriminating the severity of infection. A lower level of serum 25
(OH)D indicates more serious symptoms of CAP in children.
In this study, we found that serum 25(OH) D levels differed at

different ages, with the highest values observed in the 0- to 11-
month group and lowest in the 84-month group. Children in the
5

0- to 11-month group not only consumed adequate amounts of
vitamin D, but also were exposed to abundant sunshine, enabling
them to maintain high serum 25(OH)D levels. However, children
in the 84-month group may no longer consume sufficient vitamin
D and have less outdoor activities, and thus their serum 25(OH)D
levels are lower than in younger children.
Sepsis is often caused by Staphylococcus aureus infection,[22]

sometimes preceded by or occurring in conjunction with viral
infections[23] and, to a lesser extent, fungal infections.[24] This can
compromise the functions of various organ systems, resulting in
MODS. Ginde et al[25] found that patients with serum 25(OH)D
levels <30ng/mL were more likely to have severe sepsis and
dysfunction in 2 or more organ systems. In our study, serum 25
(OH)D levels in pediatric patients with mechanical ventilation
andMODS was lower than that in other subjects, suggesting that
the serum 25(OH)D level is an indicator of severity. We
concluded that children with low levels of serum 25(OH)D may
be at risk for mechanical ventilation and MODS.
Low serum 25(OH)D levels may be a risk factor for CAP and

pneumonia-induced sepsis. Logistic regression analysis showed
that the serum 25(OH)D level was closely related to pneumonia-
induced sepsis. For individuals with low levels of serum 25(OH)
D, the risk of pneumonia-induced sepsis was higher than in
individuals with high concentrations of vitamin D. The ROC
curve cut-off value for serum 25(OH)D level was 18.15ng/mL;
thus, when the serum 25(OH)D level is under 18.15ng/mL,
pneumonia-induced sepsis can be diagnosed.
Vitamin D has hormone-like effects and is an indispensable

compound for maintaining children’s health and promoting cells
growth and proliferation. We found that CAP and sepsis are
associated with serum 25(OH)D levels. A lower serum 25(OH)D
level was associated with a more serious condition. Additional
studies of vitamin D will reveal the pathogenesis of human
diseases in more detail and improve treatment methods for
clinical diseases. Our future studies will continue to explore the
value of vitamin D in treating CAP and pneumonia-induced
sepsis.
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