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Abstract: Background: Community-acquired pneumonia (CAP), one of the most common infectious diseases, is the third 
leading cause of death worldwide. To stop the spread of serious sickness and keep the initial infection under control, the 
innate immune response is crucial. Cathelicidin, a potent antimicrobial peptide that may kill germs directly and alter the 
immune system's response to infection, is an essential component of this response. The main goal of the study is to 
investigate the association between CaLL37 and the severity of CAP in young patients. Methodology: 120 CAP cases and 
165 controls made comprised the 285 participants in this case-control study, whose ages varied from 1 to 18 months. 
Calculated and compared cathelicidin levels for CAP and control participants as well as the pneumonia-causing agent. 
People who were thought to have COVID-19 CAP were excluded. Results: The participants' mean age was 9.7 (range of 1 
to 18) months. In 46.2%, 35%, and 18.8% of cases of CAP; bacterial, viral, and mixed causative agents, respectively, were 
detected. Among the individuals, only 6.8% received mixed feeding, compared to 42.1% who used artificial feeding and 
51.1% who exclusively breastfed. The mean total serum contained 8.6 ±6.7 ng\ml of CaLL37. CaLL37 serum levels were 
comparable between the two study groups (p>0.05). The levels of CaLL37 were comparable (p>0.05) among patients with 
CAP when compared according to the causative agents, while plasma CaLL37 levels were higher among babies on artificial 
feeding (p-0.001). The ROC assays revealed that CaLL37 plasma levels were unable to differentiate between bacterial and 
viral pneumonia or between persons who had pneumonia and healthy subjects. However, the CaLL37 can discriminate 
between infants who are breastfed and those who are fed by a bottle considerably (p-0.001, AUC=0.748, sensitivity=0.673, 
specificity=0.637, and 95%CI of o.675 - 0.820). Conclusion: According to the study, CaLL37 is capable of determining the 
difference between infants who are breastfed and those who are fed artificially. However, it is difficult for cathelicidin to 
distinguish between various CAP causes as well as between CAP patients and healthy controls.  

Keywords: Pediatric Pneumonia, Cathelicidin, LL37, Community-Acquired.  

 

1. INTRODUCTION 

In December 2019, Wuhan, China, reported an outbreak of atypical pneumonia that could be fatal. This outbreak 

was labeled "coronavirus disease 2019 (COVID-19)" (1-3).  

Community-acquired pneumonia (CAP), one of the most common infectious diseases, is the third leading cause 

of death worldwide. Its epidemic characteristics vary according to the immune system and distribution of the host, 

and related pathogen spectrums shift throughout time and space. In the meantime, the COVID-19 pandemic has led 

to an increase in the usage of several innovative therapeutic strategies (4). 

The response of the innate immune is essential for containing the initial infection and inhibiting the development 

of serious illness. A crucial element of this response is cathelicidin, which functions as a powerful antimicrobial peptide 

that can both directly kill microorganisms and modify the immune response to infection (5). 

Although there are several beta-defensin genes in the human genome, only one gene for cathelicidin (CAMP) has 

been identified in humans (6). LL-37 is produced by proteolytic cleavage of the specific human cathelicidin (hCAP18), 

which has a molecular weight of 18 kDa and only cleaves into the cathelin domain and "cathelicidin-derived AMP"(7). 
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Only LL-37(8), an AMP created from human cathelicidin, is secreted by the mammary glands and found in human 

milk. 

According to studies that have shown reduced cathelicidin levels in people with CAP, low levels of cathelicidin 

LL37 have been connected to unfavorable outcomes in patients with pneumonia. Additionally, pneumonia patients 

with low cathelicidin levels are more likely to require hospitalization, have more severe forms of the illness, and have 

a higher risk of dying from the condition (9, 10). 

There is evidence to suggest that the cathelicidin pathway could be a focus of future CAP treatments. For instance, 

studies have demonstrated that administering artificial cathelicidin analogs to animals with pneumonia can enhance 

the results. The use of cathelicidin in the treatment of CAP has drawn more attention in recent years. Additionally, it 

has been demonstrated that the use of cathelicidin-stimulating substances, such as probiotics, might raise cathelicidin 

levels and enhance outcomes in CAP patients (5,12). 

More research is required to comprehend the role of cathelicidin in the pathophysiology of CAP and to develop 

effective therapeutics based on this pathway. To determine the optimum therapy dosage and duration as well as the 

safety and effectiveness of these interventions in larger patient populations, more study is needed. 

The main aim of the study was to examine the correlation between CaLL37 and the severity of CAP in children, 

as well as its prediction. 

2. MATERIALS AND METHODS 

120 pneumonia patients and 165 healthy controls made comprised the 285 participants in this multicenter, case-

control experiment, whose ages varied from 1 to 18 months. Children's hospitals in Babylon, Iraq, received the kids 

between September 2020 and February 2021. To diagnose and treat children with CAP, pediatricians performed a 

history review, clinical examination, blood tests, and chest X-rays. Each pneumonia patient had data on their age, 

sex, feeding method, and length of illness collected as well. Complete blood was collected from each subject, the 

CaLL37 and WBC levels were computed, and the pneumonia-causing agent was identified using simple test tubes. 

The American programme SPSS-23 was used to do the descriptive statistics. Based on feeding type 

characteristics, the descriptive data (means and standard deviation) for cathelicidin, WBCs, causative agents, and 

infant count were computed. The "Shapiro-Wilk test" was used to determine whether the distribution was normal. The 

Mann-Whitney test, Students' T-test, and ANOVA were used, respectively, to determine the relationships between 

the blood levels of cathelicidin, ages, and WBCs. Spearman's correlation was used to show the relationships between 

the research groups' serum CaLL37 concentrations. Statistics were considered significant at p-0.05. The ability of 

ROC analysis to forecast CAP in healthy participants was examined.  

The American programme SPSS-23 was used to do the descriptive statistics. Based on feeding type 

characteristics, the descriptive data (means and standard deviation) for cathelicidin, WBCs, causative agents, and 

infant count were computed. The "Shapiro-Wilk test" was used to determine whether the distribution was normal. The 

Mann-Whitney test, Students' T-test, and ANOVA were used, respectively, to determine the relationships between 

the blood levels of cathelicidin, ages, and WBCs. Spearman's correlation was used to show the relationships between 

the research groups' serum CaLL37 concentrations. Statistics were considered significant at p-0.05. The ability of 

ROC analysis to forecast CAP in healthy participants was examined. 

3. RESULTS  

The key characteristics of the study participants are outlined in Table (1). The participants' ages ranged from 1 to 

18 months, with an average age of 9.7 months. In this investigation, there was no indication of a sex bias. The mean 

total WBC counts were within the usual range of 6.8 3.5 x 103. In 46.2%, 35%, and 18.8% of cases of pneumonia, 

bacterial, viral, and mixed causative agents, respectively, were detected. Only 6.8% of the participants got mixed 
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feeding, whereas 51.1% exclusively breastfed and 42.1% used artificial feeding. The mean total serum contained 8.6 

6.7 ng/ml of CaLL37. 

Table 1: The main characteristic features of the total studied participants 

Variables Descriptives Min – Max 

Ages (Mean ±SD) Months 9.7 ± 6 1 – 18 

Gender N (%) 
Males 138 (48.4) 

 
Females 147 (51.6) 

WBCs (Mean ±SD) 1x103 6.8 ± 3.5 6.08 – 17.3 

Causative agents 

N (%) 

Bacterial 55 (46.2) 

 Viral 42 (35.0) 

Mixed 23 (18.8) 

Types of feeding 

N (%) 

Breast 120 (42.1) 

 Artificial 146 (51.1) 

Mixed 19 (6.8) 

Cathelicidin (Mean ±SD) ng/ml 8.6 ± 6.7 0.6 – 37.1 

While age and CaLL37 serum levels were comparable between the two groups (p>0.05), the total WBC 

numbers in the pneumonia group were substantially higher. 

Table 2: Variations in the plasma Cathelicidin levels, age, and WBCs, between the two study groups 

 

 

Ages, WBCs, and CaLL37 circulating levels all showed non-significant gender differences (Table 3). 

Table 3: Variations in the plasma Cathelicidin levels, age, and WBCs, according to gender 

According to the causative agents, individuals with CAP's mean circulatory CaLL37 levels were comparable 

(p>0.05) (Table 4).   

Table 4: Serum cathelicidin levels among patients with community-acquired pneumonia change based on the 

etiology of pneumonia 

Descriptives Mean Std. Deviation Significance 

Bacteria 9.37 6.9 

> 0.05 Virus 8.8 4.9 

Mixed 10.75 9.4 

The neonates' WBC in the two study groups did not alter as a result of breast or artificial feeding, but plasma 

CaLL37 levels were greater in infants receiving artificial feeding (p-0.001), as shown in Table 5. 

Table 5: The variations in the WBCs, and plasma Cathelicidin levels according to types of feeding 

 

 

 

Variables Pneumonia (N-120) Healthy (N-165) Significance 

Ages (Months) 10.4 ± 12.8 9.2 ± 7.7 > 0.05 

WBCs 8.6 ± 3.5 6.3 ± 1.5 0.001 

Cathelicidin (ng/ml) 9.4 ± 6.9 8.1 ± 6.6 > 0.05 

Variables Males (N-110) Females (N-80) Significance  

Ages (Months) 8.8 ± 9.8 10.6 ± 10.4 > 0.05 

WBCs 7.2 ± 2.6 7.4 ± 2.9 > 0.05 

Cathelicidin (ng/ml) 8.3 ± 6.5 8.9 ± 6.9 > 0.05 

Variables Breast Artificial P-value 

WBCs 6.8 ± 2.4 7.4 ± 2.4 > 0.05 

Cathelicidin (ng/ml) 5.8 ± 6.2 10.6 ± 6.6 0.001 
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The CaLL37 plasma levels could not differentiate between bacterial and viral pneumonia, or between patients with 

pneumonia and healthy participants, according to the ROC assays [AUC=0.579, sensitivity =0.402, specificity =0.575, 

and P>0.05]. However, the CaLL37 can tell a lot of difference between babies who are breastfed and those who are 

fed by the bottle (p-0.001, AUC=0.748, sensitivity=0.673, specificity=0.637, and 95%CI of o.675 - 0.820); Table 6. 

Table 6: The area under the curve (AUC) for serum Cathelicidin (ng/ml) levels to predict pneumonia from healthy 

controls, bacterial from viral community-acquired pneumonia, and those on a bottle from breastfeeding 

4. DISCUSSION 

Data on cathelicidin LL-37 expression during CAP in pediatric age groups are few. This investigation attempted to 

calculate the connection between blood CaLL37 levels and non-COVID CAP in a case-control study. The main 

conclusion of the current study was that cathelicidin had a strong ability to discriminate between breast-fed and 

artificially fed newborns, despite having a weak ability to distinguish between patients with pneumonia and healthy 

individuals. Between the two study groups, there were no detectable differences in the serum CaLL37 concentrations 

that were related to CAP etiology.  

A growing body of research has shown results that are comparable to the ones of the current study. Recent studies 

have shown that the fermented artificial formula stimulates intestine production of innate immunopeptides, including 

human cathelicidin LL-37, which protect against infectious illnesses.  

Similar to the earlier discovery, fermented formula can boost antimicrobial activity, which may explain why toddlers 

who consumed such formula had higher fecal antimicrobial immunopeptide levels (13). 

Another explanation for the higher levels of CaLL37 in artificially fed newborns compared to breastfed infants could 

be vitamin D contributing functions. CaLL37 and vitamin D (15) show a link between pathogenic inflammation and 

protective immunity after infection. Vitamin D is necessary for the metabolism of calcium and phosphorus, according 

to a growing body of studies (16–18).  

In recent years, it has been demonstrated that many supplements, including vitamin D3, significantly increase 

host defense expression. Since human milk contains less vitamin D than infant formula, pediatricians are aware that 

infants who are exclusively breastfed need to take vitamin D supplements(19).  

 

Contrary to the results of this study, mounting evidence indicates that newborn infants with pulmonary infections 

and inborn pneumonia had significantly higher serum levels of LL-37 (20) and elevated LL-37 measures in tracheal 

aspirates (20, 21) compared to healthy controls. Infants with post-infection bronchiolitis obliterans were reported to 

have higher amounts of circulating LL-37 than controls (22). Adult patients with pulmonary tuberculosis also reported 

greater levels of circulating LL-37 compared to healthy individuals (23). 

 

"hCAP18/LL-37 mRNA expression" in human mammary cells was confirmed and grew between 30 and 60 days 

after birth. Furthermore, western blot research showed that mothers of both full-term and preterm infants had maternal 

milk that contained CaLL37, which was secreted and abundant in the matured peptide form in breast milk (24).  

Ability to predict AUC Sensitivity Specificity Sig. 95% CI 

Pneumonia from healthy controls 0.579 0.515 0.575 0.064 0.497 – 0.660 

Bacterial from viral pneumonia 0.509 0.402 0.512 0.906 0.364 – 0.654 

  Bottle from breastfeeding 0.748 0.673 0.639 0.001 0.675 – 0.820 
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The signaling lipid "sphingosine-1-phosphate (S1P)" upregulates the "NF-B-C/EBP-dependent transcriptional 

machinery" for CAMP in epithelial cells (25, 26). Importantly, under these conditions, vitamin D receptor transactivity 

is inhibited (25), whereas this pathway only activates following cellular exposure to exogenous variation. Endoplasmic 

reticulum stress results from this fluctuation, demonstrating that these binary mechanisms control CAMP levels in 

epithelial cells under circumstances that predominate under stressful situations as opposed to basal conditions. 

Additionally, recent studies have demonstrated that dietary "stilbenoid resveratrol" boosts CAMP production via the 

S1P-mediated channel (27). 

Numerous functions of epithelial LL-37 include selectively increasing and attenuating particular features of the 

inflammatory response (28). When neutrophils, dendritic cells, T cells, macrophages, and monocytes are stimulated 

by infections, it acts as a chemokine to help them (29). Interleukins (ILs) are essential pro-inflammatory cytokines that 

are important in pulmonary systemic and local inflammation (30, 31). LL-37 and IL-1 work together to boost the local 

production of inflammatory cytokines. Other pleiotropic cytokines with multicellular activity include "Transforming 

growth factor-beta (TGFB)" (32, 33). Age-related reductions in cathelicidin production in response to infection were 

brought about by a drop in the number of antimicrobial peptides after birth.  

TGF- was discovered to be a significant upstream regulator of this process since it interfered with uncommitted 

adult and embryonic agents' capacity to function as antimicrobials. Furthermore, inhibiting the TGFB receptor 

increased the resistance of adult mice to S. aureus infection and recovered the antibacterial function (34). 

Nevertheless, the impact of human cathelicidin on innate immunity is not well understood by experts. Additional 

well-crafted randomized clinical trials are strongly required to completely understand the unique effects of human 

cathelicidin LL37 on the etiology of pneumonia in pediatric and adult ages.   

 

CONCLUSION 

The ability of Cathelicidin to distinguish between various CAP causes as well as between CAP patients and healthy 

controls is marginal. CaLL37 can identify between infants who are breastfed and those who are fed artificially. 
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