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Abstract Cathelicidins are human peptides involved in innate immunity, and are believed to be
mediators of vitamin D-related immune benefits. We aimed to evaluate the correlation
between serum levels of 25 hydroxy vitamin D (25(OH)D) and serum cathelicidin
antimicrobial peptide (CAMP) in children hospitalized with severe pneumonia. This was
a secondary analysis from a larger randomized double-blind placebo-controlled trial on
vitamin D supplementation in severe pneumonia. Children aged 6 months to 5 years
with the World Health Organization (WHO) defined severe pneumonia were included.
Any child with rickets, immunodeficiency, or chronic illness was excluded. Baseline
serum CAMP, serum 25(OH)D, and immunoglobulins were measured and analyzed. A
total of 163 under-five children were recruited withmean (standard deviation) age 16.4
(13.0) months. The median (interquartile range [IQR]) serum CAMP was 12.5(8.0–
20.0) ng/mL and serum 25(OH)D was 14.4 (8.4–24.2) ng/mL. There was no significant
correlation between serum cathelicidin and serum 25(OH)D (r¼�0.064, p¼0.415).
Serum 25(OH)D was low (<20 ng/mL) in 105(64.4%) participants. Median (IQR) serum
CAMP was comparable between children with low (<20 ng/mL) and normal serum 25
(OH)D levels (13.0 [8.2, 22.1] and 12.0 [8.0, 17.4] pg/mL; p¼0.2). Serum cathelicidin
showed significant positive correlation with serum immunoglobulin M levels (r¼ 0.456,
p<0.001). There was no significant correlation between serum cathelicidin and serum
vitamin D in under-five children hospitalized with severe pneumonia.
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Introduction

Cathelicidin antimicrobial peptides (CAMP) are a group of
antimicrobial peptides that are released on leukocyte acti-
vation and cause disintegration of cell membranes of micro-
organisms. They act through multiple receptors including
toll-like receptors and chemokine receptor type 4 on neu-
trophils to chiefly affect apoptosis, phagocytosis, cellular
migration, and cytokine release.1 Cathelicidins maintain
equilibrium during an inflammatory response by its proin-
flammatory and anti-inflammatory properties and potential
for angiogenesis and epithelial wound repair. They contrib-
ute to innate immunity and defense against inhaled organ-
isms in the lungs.2 Poor CAMP response is reported in various
diseases like tuberculosis, sarcoidosis,3and asthma.4 Few
adult studies have documented defensive role of CAMP in
bacterial infections of respiratory tract caused by intracellu-
lar microorganisms.5

The transcription of cathelicidin gene is postulated to be
affected by active form of vitamin D (1,25 dihydroxy vitamin
D). Therefore, lowCAMP levels have been reported in vitamin
D deficiency states.6 Vitamin D supplementation has shown
to increase cathelicidin levels in experimental studies.7,8

However, data from these studies is limited by lack of clinical
data for inference, small sample size, and differences in
populations that were assessed. The validity of this correla-
tion, if any, has not been tested in clinical setting of infections
in populations that are vitamin D-deficient per se.

We, thus, undertook this study to evaluate the levels of
serum CAMP in under-five children with pneumonia from
Northern India as per their vitamin D status. We alsowanted
to ascertain if there existed any correlation between CAMP
and serum 25 hydroxy vitamin D (25(OH)D) in children with
active infection.

Methods

These data were collected as part of a randomized double-
blind placebo-controlled trial that evaluated efficacy of
single oral mega-dose of vitamin D3 for treatment and
prevention of pneumonia in hospitalized under-five chil-
dren.9 The original trial was approved by Institutional Ethical
Committee (including collection of blood for the parameters
analyzed in this study; Trial Registration: CTRI/2013/01/
003317). Children aged 6 months to 5 years with a clinical
diagnosis of severe pneumonia (defined as presence of lower
chest indrawing in children presenting with cough or diffi-
cult breathing) were assessed for enrolment after hospitali-
zation.10 Children with rickets, chronic illness including
immunodeficiency, and those with a recent consumption
history of vitamin D or calcium supplements were excluded.

A baseline serum sample was collected for estimation of
serum calcium, phosphate, alkaline phosphatase (ALP), serum
25(OH)D, intact parathyroid hormone (iPTH), and immuno-
logical markers (serum immunoglobulin IgA, IgG, IgM, and
CAMP. Blood samples for 25(OH)Dand PTHwere collected and
transported in ice immediately to an in-house testing labora-
tory. Serum PTH and serum 25(OH)D were estimated by

radioimmunoassay using commercially available kit manufac-
tured by Immunotech SAS,Marseille, France (interassay varia-
tion: below or equal to 10·3%; intra-assay variation: below or
equal to 7·7%; sensitivity: 2 pg/mL) andDiaSorin, United States
(interassay variation: 11%; intraassay variation: 12·5%; sensi-
tivity: at or below 1·5ng/mL), respectively. Vitamin D suffi-
ciency, insufficiency, and deficiency (VDD) were diagnosed at
serum25(OH)Dmore than20ng/mL, 12 to less thanorequal to
20ng/mL and less than 12ng/mL, respectively.11 Systematic
sampling method was followed to measure immunological
markers in every alternate child in view of available logistic
support. Serum CAMP was estimated using a standard com-
mercial kit (Human LL-37, HK 321 Hycult Biotech, the
Netherlands [sensitivity: 0·1ng/mL], based on sandwich en-
zyme immunoassay (enzyme-linked immunosorbent assay
[ELISA]). Serum immunoglobulins (IgA, IgG, and IgM) were
measuredquantitativelywith immunoenzymatic colorimetric
method using ELISA-based kits (Xema Co Ltd, Russia) having a
sensitivity of 0·12g/L.

All childrenweremanaged as per standard protocol10 and
were monitored 8hourly during hospitalization. The child
was discharged when fever and fast breathing were absent
for at least 24hours. The duration of hospitalization (hours)
and time to resolution of pneumonia (hours) defined as
abatement of fever and fast breathing were recorded.

Statistical Analysis
Data were analyzed using SPSS version 20.0. Quantitative
variables like biochemical and immunological markers were
depicted as median and interquartile range (IQR). The
strength of correlation between serum CAMP and 25(OH)D
and immunological markers (nonparametric data) was mea-
sured using Spearman correlation (r). Statistical significance
was at p-value less than 0.05

Results

Total 324 children were recruited in the original trial. Base-
line data on immunological markers was available for 163
children with mean (standard deviation [SD]) age of 16.4
(13.0) months. The median (IQR) cathelicidin levels were
12.5(8.0–20.0) ng/mL. The median (IQR) levels of serum 25
(OH)D, iPTH, and ALP were 14.43 (8.42–24.17) ng/mL, 25.71
(13.85–58.54) pg/mL, and 208 (158–291.5)IU/L, respectively.
The median (IQR) levels of serum immunoglobulins IgA, IgG,
and IgM were 0.84 (0.59–1.21), 7.36 (5.39–9.66), and 2.59
(1.65–4.11) mg/dL, respectively. The proportion of vitamin D
sufficiency, insufficiency, and VDD were 58 (35.6%), 39
(23.9%), and 66 (40.5%), respectively.

Serum CAMP showed an inverse but insignificant correla-
tionwith serum 25(OH)D (r¼�0.064, p¼0.415;►Fig. 1) and
iPTH (r¼�0.03, p¼0.710). Among immunoglobulins, serum
CAMP showed significant positive correlation with serum
IgM (r¼0.456, p<0.001, ►Fig. 2) unlike IgA (r¼ �0.05,
p¼0.49) and IgG (r¼ 0.05, p¼0.54). Serum CAMP levels
were not related to age (r¼0.03), severity of pneumonia
(r¼0.13), duration of hospitalization (r¼0.05), and time to
resolution of pneumonia (r¼0.10; p>0.05). Weight for
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height had an inverse correlation with serum CAMP
(r¼�0.09; p¼0.67).

►Table 1 compares the laboratory parameters between
those with and without vitamin D sufficiency. There was no
significantcorrelationbetweenserumCAMPandserum25(OH)
D in either of the groups (r¼ �0.235, p¼0.08 and r¼ 0.028,
p¼0.77), respectively. Serum CAMP correlated significantly
with serum IgM (r¼0.36, p<0.001) in those with vitamin D
insufficiency (�20ng/mL). SerumCAMPcorrelatedsignificantly
with both IgM and IgG (r¼0.6, p<0.001 and r¼0.27,
p¼0.040), respectively, in those with vitamin D sufficiency.

Discussion

In this study, under-five children hospitalized with pneumo-
niawere evaluated and found to have an insignificant inverse
correlation between serum cathelicidins with serum 25(OH)
D. Low serum vitamin D levels were present in majority of
these children.

Cathelicidins exhibit a dual role in systemic inflammation
by acting as proinflammatory or anti-inflammatory mole-
cules.12 Its levels may be beneficial in infections like pneu-
monia, meningitis, and skin infection but detrimental in
severe sepsis.12 A significant positive correlation was seen
between cathelicidin and serum IgM levels reiterating the
proinflammatory role in acute pneumonia. This correlation
remained significant irrespective of the vitamin D levels.

Data on quantitative level of serum cathelicidin and its
association with 25(OH)D in infection has been contentious.
Low cathelicidin levels were reported earlier among healthy
adults with low (<32ng/mL) serum 25(OH)D levels.13,14 Lower
serum cathelicidins with low vitamin D levels were associated
with poorer lung function among adults with pneumonia.15

Conversely, higher cathelicidin values with low serum 25(OH)D
levels were reported among 30 neonateswith congenital pneu-
monia.16 Vitamin D modulates the immune response by its
effect on CD4þ T cells and attenuation of proinflammatory

Fig. 1 Correlation between serum cathelicidin and serum 25-hydroxy
vitamin D (25 (OH)D) levels (n¼ 162).

Fig. 2 Correlation between serum cathelicidin and serum
immunoglobulin M (IgM) levels (n¼ 162).

Table 1 Comparison of biochemical parameters according to serum 25 hydroxy vitamin D (25(OH)D) levels

Parameter Serum 25(OH)D <20ng/mL
(n¼105)

Serum 25(OH)D �20ng/mL
(n¼58)

p-Value

Age, mo 12 (7, 25) 11 (7.8, 18) 0.752

Serum cathelicidin, ng/mL 13.0 (8.2, 22.1) 12.0 (8.0, 17.4) 0.447

Serum 25 (OH) D, ng/mL 10.2 (6, 14.2) 27.6 (23.1, 37.5) <0.001

Serum parathyroid hormone, pg/mL 34.2 (14.3, 74.6) 19.7 (13.3, 31.8) 0.002

Serum calcium,a mg/dL 8.6 (8.0, 9.1) 8.7 (8.2, 9.2) 0.878

Serum phosphorus,a mg/dL 5.0 (4.0, 5.7) 4.5 (4.0, 5.6) 0.062

Serum Alkaline phosphatase, IU/L 237 (164, 335) 184.5 (148.8, 213.8) 0.005

Serum IgA, mg/dL 0.86 (0.55, 1.23) 0.81 (0.62, 1.0) 0.752

Serum IgG, mg/dL 7.0 (5.2, 9.0) 7.5 (6.7, 10.2) 0.583

Serum IgM, mg/dL 2.6 (1.8, 4.1) 2.6 (1.4, 4.6) 0.916

Abbreviations: 25 (OH D, 25 hydroxy vitamin D; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin M; IQR, interquartile range.
Data represented as median (IQR).
an¼ 60 and 30 in first and second group, respectively.
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response.17 The higher median levels of cathelicidins in those
with lower 25(OH)D levels and negative correlation between
the twowere seen in this study. This is similar to a recent study
in hospitalized adults with coronavirus disease 2019 pneumo-
nia, where CAMP LL-37 levels were higher in those with
pneumonia thanhealthycontrols. Thecathelicidin levels further
decreased after vitamin D supplementation at day 7 and day
14.18 This suggests the proinflammatory role of cathelicidins in
infectionandadeclining trendwithvitaminDsupplementation.
The vitamin D levels were reported as lower in critically sick
children19 thatcan independentlyaffect theclinicaloutcomes in
an adverse manner. An understanding of the association with
other antimicrobial peptides can help to decipher the role of
vitamin D supplementation in sick children.

The results of our study should be interpreted considering
insufficient vitamin D levels in most children. Second, the
cohort comprised of childrenwith acute respiratory infection.
Inclusion of a comparative healthy control group could have
improved understanding of these biochemical associations.
This study was not statistically powered to conclude a signifi-
cant association between cathelicidin and serum vitamin D
levels as it was a secondary analysis of collected data.

To conclude, serum cathelicidins showed poor correlation
with serum 25(OH)D levels in hospitalized children with
acute pneumonia, but correlated with immunoglobulin lev-
els suggesting their role in inflammation. Future studies are
required to ascertain the role of vitamin D in systemic
inflammatory response in childhood pneumonia.
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