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Abstract

Background: Acute diarrhea is the most common gastrointestinal disease among children. Identification of factors involved in the
pathogenesis of acute bacterial diarrhea is highly critical.

Objectives: This study was conducted to investigate the correlation between serum 25-hydroxyvitamin D (25 (OH) Vit. D) and acute
bacterial diarrhea in children.

Methods: The present study compared 60 children with acute bacterial diarrhea (the case group) and 60 healthy children (the
control group) for serum 25 (OH) Vit. D concentrations. The children age ranged from two months to 12 years. The serum 25-
hydroxyvitamin D level was measured using ELISA method.

Results: Among 60 children with acute bacterial diarrhea, 38 (63.3%) were males and 22 (36.7%) females. In the control group, 31
(51.6%) were males and 29 (48.4%) females (P = 0.26). The median (IQR) of age in case and control groups were 16 (29) and 16 (24)
months, respectively (P = 0.75). The mean = SD of serum 25 (OH) Vit. D levels in case and control groups were 19.3 & 7.8 and 22.4 &
7.3 ng/mL, respectively. There was a significant difference between groups regarding the serum 25 (OH) Vit. D concentrations (P =
0.02).

Conclusions: This study revealed a significant correlation between serum 25 (OH) Vit. D level and acute bacterial diarrhea. It is

likely that vitamin D plays a role in the pathogenesis of diarrhea.
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1. Background

Diarrhea is still a major health problem in the world,
especially in developing countries (1). Despite the reduc-
tion in mortality, diarrhea yet constitutes approximately
10% of deaths in children less than 5 years old and also
causes about 500,000 deaths in developing countries per
year (2, 3). Although viral agents such as rotavirus are the
most common causes of acute diarrhea (lasting less than
two weeks), bacterial agents are the prevalent reasons for
acute diarrhea in developing countries (4). Bacterial di-
arrhea accounts for 34.5% - 60.7% of all diarrheas in de-
veloping countries and Shigella and enteropathogenic Es-
cherichia coli are the main common causes (5, 6). The lack
of access to clean water, the failure to observe personal hy-
giene (such as washing the hands), and lack of breastfeed-
ing are the most predisposing factors for acute bacterial di-
arrhea (7, 8).

According to the high occurrence of vitamin D defi-
ciency in children, researchers encounter the question of
whether this vitamin has a role in the pathogenesis of

acute bacterial diarrhea and whether vitamin D deficiency
is a risk factor for bacterial diarrhea. Several studies have
demonstrated the relationship between vitamin D defi-
ciency and certain infectious diseases such as lower res-
piratory tract infections (9, 10). Vitamin D is a group of
fat-soluble secosteroids. It has anti-bacterial and immuno-
logical effects in addition to playing a key role in bone
metabolism. This vitamin is supplied through skin expo-
sure to the sunlight or the consumption of foods rich in
vitamin D such as fish oil (11, 12).

2. Objectives

Given the importance of understanding the factors
contributing to infectious diarrhea and prevention of se-
rious complications, the present study was performed to
determine the association between serum 25 (OH) Vit. D
level and acute bacterial diarrhea in children.
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3. Methods

This study compared 60 children with bacterial diar-
rhea (the case group) and 60 healthy children (the con-
trol group) regarding the serum 25 (OH) Vit. D level. The
study was conducted at Qazvin Children Hospital affiliated
to Qazvin University of Medical Sciences (Qazvin, Iran). The
age of children was between 2 months and 12 years. The in-
clusion criteria for the children affected with acute bacte-
rial diarrhea were: (1) the presence of acute diarrhea (loose
and watery stool more than three times/day for less than
14 days); (2) the presence of clinical symptoms such as
fever, mucoid or bloody diarrhea, vomiting, and abdom-
inal pain; (3) the presence of more than five white blood
cells per microscopic field with or without red blood cells
in stool examination; (4) the growth of bacteria in the cul-
tured stool samples (4, 13, 14). Children with normal stool
culture, underlying diseases or comorbidities (such as mal-
nutrition, diabetes, kidney and liver disease, chronic diar-
rhea, etc.) and moreover, a history of previous antibiotic
consumption and vitamin D supplements were excluded.
Moreover, the children under 1 year with loose diarrhea
without any dehydration and without any signs and symp-
toms of acute gastroenteritis (such as vomiting and ab-
dominal pain) with normal stool examination and normal
stool culture were excluded.

The control group was chosen by group matching of
healthy children with no history of diarrhea in the past
3 months who visited in hospital’s health center for con-
trol routine or were hospitalized in the surgical depart-
ment for elective surgery such as inguinal hernia. The
two groups were matched regarding variables such as age,
gender, breastfeeding (at least six months), family size, in-
come, etc. (15,16). Both groups lived in Qazvin province and
were monitored by their local health centers until 2 years
of age. Consecutive sampling continued until the desired
sample size was completed. After approval of the project by
Ethics Committee of the Qazvin University of Medical Sci-
ences, written informed consent was obtained from chil-
dren’s parents, and 3 mL of blood was collected to mea-
sure serum 25 (OH) Vit. D level. The samples were cen-
trifuged and their sera were separated and kept at -20°C.
Then 25 (OH) Vit. D test was performed using ELISA method
with a Euroimmun kit, Medizinische Labordiagnostika AG,
Liibeck, Germany, EQ 6411-9601. Based on serum 25 (OH)
Vit. D level, the children were divided into four groups:
less than 10 ng/mL (severe vitamin D deficiency), 10 - 20
ng/mL (vitamin D deficiency), 20 -30 ng/mL (suboptimal vi-
tamin D level), and 30 - 50 ng/mL (optimal vitamin D level)
(17). After collecting the fresh stool sample and placing it
in a container of stool, it was immediately transferred to
the laboratory department of the hospital. The stool ex-

amination and cultures were done by standard methods at
Qazvin children hospital (18). The results were presented in
statistical tables and numerical indicators. The data were
analyzed with SPSS (version 16) using the chi-square test,
Mann-Whitney’s U-test, and the t-test. The P< 0.05 was con-
sidered statistically significant.

3.1. Ethical Consideration

The Ethics Committee of the Qazvin University of Med-
ical University confirmed the study (project No.: 297). All
parents were completely explained before conducting the
experiments. The children were included in the study after
their parents’ permission and signed the written informed
consent before the study.

4. Results

Among 60 patients with acute bacterial diarrhea, 38
(63.3%) were males and 22 (36.7%) females. In the control
group, 31 (51.6%) were males and 29 (48.4%) females (P =
0.26). The minimum, maximum, and median (IQR) of
age in the case group were 2 months, 5 years, and 16 (29)
months, respectively. These values in the control group
were 2months, 8 years, and 16 (24) months, respectively (P
=0.75). Nosignificant difference was observed between the
two groups regarding background and confounding vari-
ables (P > 0.05) (Table 1). The mean = SD of 25 (OH) Vit.
D concentrations in the case and control groups were 19.3
+ 7. 8 and 22.4 + 7.3 ng/mL, respectively. There was a sig-
nificant difference between the case and control groups
regarding the serum 25-hydroxyvitamin D level (Table 2)
(P = 0.02). There was no significant difference between
the case and control groups in terms of severity of 25-
hydroxyvitamin D deficiency (Table 3) (P = 0.16). There was
no correlation between serum 25 (OH) Vit. D level with in-
flammatory and non-inflammatory markers (P> 0.05) (Ta-
ble 4). The most common reasons for bacterial diarrhea in
the present study were E. coli (n = 36, 60%), Shigella (n =21,
35%),and Salmonella (n=3,5%). The enteropathogenicE. coli
serotype and the sonnei serotype of Shigella were the most
common pathogens.

5. Discussion

This study showed a significant relationship between
serum 25 (OH) Vit. D concentrations and acute bacterial di-
arrhea. Studies in this area are contradictory (19-28). Bacte-
rial agents are important causes of diarrhea in developing
countries (1-4). Agents such as Shigella, pathogenic E. coli
are the main common causes (5, 6). In the present study en-
teropathogenic E. coli, Shigella sonnei, and Salmonella were
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Table 1. Comparison of Variables Between the Case and Control Groups

Variables Case Group Control Group P Value
Sex, male/female® 3822 31/29 0.26
Age, mo”® 16 (29) 16 (24) 0.75
Weight, kg” 10 (5.5) 10 (5.6) 0.82
Height, cm” 77.5(23.7) 78(29.2) 0.16
Body mass index” 15.9(3.1) 17.1(3.6) 0.054
Head circumference, cm” 45(7) 45(5) 0.7
Breast feeding, month® 14 +155 15+16 0.61
Family size® 3.9 %11 3.6+ 038 0.26
Income, Tomam*® 436 + 137 464 1146 0.15

? Frequency (chi-square test).
® Median (IQR) (Mann-Whitney U test).
€ Mean = SD (t-test).

the most common pathogens. Although some studies sug-
gested that vitamin D deficiency is a risk factor for diar-
rhea (19-25), others did not agree with this theory (27,28). A
study by Thornton et al. on 475 school-aged children with
a mean age of 8.9 + 1.6 years showed that 10% of the chil-
dren suffered from vitamin D deficiency and 47% were vi-
tamin D-insufficient. The one-year follow-up showed that
the incidence of diarrhea is higher in children with vita-
min D deficiency (19). Bener et al. study on 458 Qatari
children showed that 61.6% of the children aged 11 - 16,
28.9% of the children 5 - 10 years old and furthermore,
9.5% of the children less than 5 years were vitamin D de-
ficient. They reported that the incidence of diarrhea is sig-
nificantly higher in children with vitamin deficiency (20).
Additional studies have also confirmed the role of vitamin
D deficiency in the prolongation and exacerbation of diar-
rhea caused by Clostridium difficile (6.1 days vs. 4.2 days, P
=0.01) (21, 22). Talachian et al. study on 25 children with
acute diarrhea and 25 healthy children showed that serum
25(OH)Vit. D concentrations are significantly lower in chil-
dren affected with diarrhea (23). The study by Bucak et al.
on 70 patients with rotavirus diarrhea and 60 healthy chil-
dren as control group revealed that serum levels of vitamin
D are significantly lower in children with diarrhea com-
pared with healthy children (14.6 & 8.7 ng/mL vs. 29.06 &
6.51 ng/mL). These mentioned studies confirmed that vita-
min D deficiency is a predisposing factor for rotavirus diar-
rhea (24).

Contrary to the mentioned reports, some studies be-
lieve that there is no relationship between vitamin D defi-
ciency and diarrhea (26, 27). Urashima et al. study showed
that vitamin D supplementation does not reduce the in-
cidence of diarrhea (26). In addition, Ahmed et al. study
on children below two years of old showed that normal-
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weight and underweight children with vitamin D defi-
ciency less commonly develop diarrhea caused by EPEC,
ETEC, and EAEC (27). However, the researchers could not
justify the protective effect of vitamin D deficiency against
these organisms and argued that this property may be spe-
cific to organisms that produce enterotoxin (27).

The difference in the results of mentioned studies may
be related to many factors such as nutritional status, how
much exposure to the sunlight, and the sample size. The re-
sults of the present study are consistent with studies that
confirm the relationship between vitamin D and acute di-
arrhea. Although it is reported that vitamin D status can
change during acute inflammation (25), we could not find
any correlation between 25-hydroxyvitamin D and inflam-
matory markers such as fever, CRP, etc. These disparate
findings in mentioned studies may be attributed to differ-
ent factors such as age, type of pathogen responsible for
diarrhea, laboratory definitions, type of sampling, and so-
cioeconomic settings of studies.

Vitamin D is also produced by ultraviolet B radiation
to the skin (28). Due to the abundance and stability of 25-
hydroxyvitamin D in the blood, this form of metabolite is
accepted to be used as an indicator of vitamin D deficiency
in human (28). In addition to calcium control; vitamin D
also has other functions such as immunomodulatory ad-
justment and anti-inflammatory and anti-bacterial prop-
erties (12). The antimicrobial role of vitamin D is due to
the manufacture of antibacterial peptides such as cathe-
licidin and (-defensin in the epithelium of the digestive
system as well as increased macrophage activity (12). These
defense mechanisms increase the resistance against the in-
vasion of intestinal pathogenic organisms such as Shigella
and Salmonella (12,20, 29). In cases of vitamin D deficiency,
these defense mechanisms are destroyed and the risk of
diarrhea is increased (30, 31). Animal investigations have
shown that VDR expression is linked with the reduction of
Salmonella invasion and furthermore, vitamin D-regulated
antimicrobial peptides have anti-bactericidal effects on E.
coli (32-34). Bucak et al. believe that vitamin D deficiency
predisposes the human to rotavirus diarrhea (24).

The limitations of this study were: (1) lack of measure-
ment of serum levels of vitamin D in patients with viral di-
arrhea due to the lack of virology testing and (2) the failure
to re-measure the serum levels of vitamin D after recovery
from diarrhea. Further studies are recommended in this
area of research.

5.1. Conclusions

The present study revealed a significant correlation be-
tween serum 25 (OH) Vit. D level and bacterial diarrhea. It
is likely that vitamin D plays a role in the pathogenesis of
diarrhea.
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Table 2. Comparison of Serum 25-Hydroxyvitamin D Level Between the Case and Control Groups®

Serum 25-Hydroxyvitamin D Level, ng/mL Case Group,N=60 Control Group, N =60 P Value
Minimum 6.5 9.1
Maximum 422 38.9 0.02
Mean =+ SD 193+7.8 224473
*t-test.
Table 3. Severity of Serum 25-Hydroxyvitamin D Level in the Case and Control Groups
Serum 25-Hydroxyvitamin D Level, ng/mL Case Group” Control Group® P Value
<10 7(11.6) 2(33)
10-20 23(383) 21(35)
20-30 25(41.6) 26(433) 0.16
> 30 5(83) 11(18.3)
Total 60 (100) 60 (100)

? Frequency (chi-square test).

Table 4. Correlation Between Serum 25-Hydroxyvitamin D Level and Inflammatory
and Non-Inflammatory Variables in the Case Groupa‘b

Serum 25-Hydroxyvitamin D Level

Variables

r P
Fever, °C -0.12 0.55
White blood , x 10°/L 0.32 0.1
Neutrophil, % 033 0.1
Platelet, /mm’* -0.05 0.78
ESR, mm/h 0.87 -0.03
CRP, mg/dL 0.18 -0.27
Duration of disease 038 0.18
Severity of dehydration 0.28 -0.22

 The Spearman and Pearson analyses.
" The P < 0.05 was considered statistically significant.

Acknowledgments

Thanks to the Research Department of the Qazvin Uni-
versity of Medical Sciences and the children’s parents.

Footnotes

Authors’ Contribution: Abolfazl Mahyar: design of the
work; Parviz Ayazi: drafting of the work; Moloud Saffari
Rad: collection of data; Reza Dalirani: drafting of the work
and final approval of the work; Amir Javadi: interpretation
of data; Shiva Esmaeily: analysis of data.

Conflict of Interests: The authors declare that they have
no conflict of interest.

Ethical Approval: The Ethics Committee of the Qazvin
University of Medical Sciences confirmed the study
(project No.: 297).

Funding/Support: The authors declare that they have no
funding support.

Patient Consent: All parents were completely explained
before conducting the experiments. The children were in-
cluded in the study after their parents’ permission and
signed the written informed consent before the study.

References

1. World Health Organization. The global burden of disease. Geneva,
Switzerland: World Health Organization; 2008.

2. LiuL, OzaS,Hogan D, Perin ], Rudan I, Lawn JE, et al. Global, regional,
and national causes of child mortality in 2000-13, with projections to
inform post-2015 priorities: An updated systematic analysis. Lancet.
2015;385(9966):430-40. doi: 10.1016/S0140-6736(14)61698-6. [PubMed:
25280870].

3. Hoque KM, Sarker R, Guggino SE, Tse CM. A new insight into
pathophysiological mechanisms of zinc in diarrhea. Ann N Y Acad
Sci. 2009;1165:279-84. doi: 10.1111/j.1749-6632.2009.04442.X. [PubMed:
19538317].

4. Ochoa TJ, Cleary TG. Shigella. In: Kliegman RM, Bonita F, Stanton BF,
St Geme 111 JW, Nina F, Schor NF, et al., editors. Nelson textbook of pedi-
atrics. Phila, Saunders; 2016. p. 1393-6.

5. Rahouma A, Klena JD, Krema Z, Abobker AA, Treesh K, Franka E, et
al. Enteric pathogens associated with childhood diarrhea in Tripoli-
Libya. Am | Trop Med Hyg. 2011;84(6):886-91. doi: 10.4269/ajtmh.2011.11-
0116. [PubMed: 21633024]. [PubMed Central: PMC3110355].

6. Youssef M, Shurman A, Bougnoux M, Rawashdeh M, Bretagne S,
Strockbine N. Bacterial, viral and parasitic enteric pathogens associ-
ated with acute diarrhea in hospitalized children from northern Jor-
dan. FEMS Immunol Med Microbiol. 2000;28(3):257-63. doi: 10.1111/j.1574-
695X.2000.tb01485.x. [PubMed: 10865179].

7. VuNguyen T, Le Van P, Le Huy C, Nguyen Gia K, Weintraub A. Etiology
and epidemiology of diarrhea in children in Hanoi, Vietnam. Int ] In-

Arch Pediatr Infect Dis. 2019; 7(2):e84382.


http://dx.doi.org/10.1016/S0140-6736(14)61698-6
http://www.ncbi.nlm.nih.gov/pubmed/25280870
http://dx.doi.org/10.1111/j.1749-6632.2009.04442.x
http://www.ncbi.nlm.nih.gov/pubmed/19538317
http://dx.doi.org/10.4269/ajtmh.2011.11-0116
http://dx.doi.org/10.4269/ajtmh.2011.11-0116
http://www.ncbi.nlm.nih.gov/pubmed/21633024
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3110355
http://dx.doi.org/10.1111/j.1574-695X.2000.tb01485.x
http://dx.doi.org/10.1111/j.1574-695X.2000.tb01485.x
http://www.ncbi.nlm.nih.gov/pubmed/10865179
http://pedinfect.com

MahyarAetal.

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

fect Dis.2006;10(4):298-308. doi: 10.1016/j.ijid.2005.05.009. [PubMed:
16458564].

. Chompook P, Todd ], Wheeler ]G, von Seidlein L, Clemens ],

Chaicumpa W. Risk factors for shigellosis in Thailand. Int | Infect
Dis. 2006;10(6):425-33. doi:  10.1016(j.ijid.2006.05.011. [PubMed:
16997593].

. Roth DE, Shah R, Black RE, Baqui AH. Vitamin D status and acute

lower respiratory infection in early childhood in Sylhet, Bangladesh.
Acta Paediatr. 2010;99(3):389-93. doi: 10.1111/j.1651-2227.2009.01594.X.
[PubMed: 19900174].

de Haan K, Groeneveld AB, de Geus HR, Egal M, Struijs A. Vitamin
D deficiency as a risk factor for infection, sepsis and mortality in
the critically ill: Systematic review and meta-analysis. Crit Care.
2014;18(6):660. doi: 10.1186/s13054-014-0660-4. [PubMed: 25475621].
[PubMed Central: PMC4277653].

Deluca HF, Cantorna MT. Vitamin D: Its role and uses in immunol-
ogy. FASEB J. 2001;15(14):2579-85. doi: 10.1096/fj.01-0433rev. [PubMed:
11726533].

. Hewison M. Antibacterial effects of vitamin D. Nat Rev Endocrinol.

2011;7(6):337-45. doi: 10.1038/nrendo.2010.226. [PubMed: 21263449].
World Health organization. The treatment of diarrhea: A manual for
physicians and other senior health workers. Geneva; 2005.

Farthing M, Salam MA, Lindberg M, Dite P, Khalif IL, Salazar-Lindo E.
World Gastroenterology Organisation practice guideline. 2008.

McNally |D, Leis K, Matheson LA, Karuananyake C, Sankaran K, Rosen-
berg AM. Vitamin D deficiency in young children with severe acute
lower respiratory infection. Pediatr Pulmonol. 2009;44(10):981-8. doi:
10.1002/ppul.21089. [PubMed: 19746437].

Schluter P, Carter S, Kokaua ]. Indices and perception of crowding
in Pacific households domicile within Auckland, New Zealand:
Findings from the Pacific Islands families study. N Z Med ]J.
2007;120(1248):U2393. [PubMed: 17277810].

Holick MF. Vitamin D deficiency. N Engl ] Med. 2007;357(3):266-81. doi:
10.1056/NEJMra070553. [PubMed: 17634462].

Brooks GF, Carroll KC, Butel JS. Melnick and adelberg’s medical microbi-
ology. 24th ed. USA: McGraw-Hill Companies, Inc; 2007.

Thornton KA, Marin C, Mora-Plazas M, Villamor E. Vitamin D de-
ficiency associated with increased incidence of gastrointestinal
and ear infections in school-age children. Pediatr Infect Dis J.
2013;32(6):585-93. doi:  10.1097/INE.0b013e3182868989. [PubMed:
23340562].

Bener A, Al-Ali M, Hoffmann GF. Vitamin D deficiency in healthy
children in a sunny country: Associated factors. Int | Food Sci Nutr.
2009;60 Suppl 5:60-70. doi: 10.1080/09637480802400487. [PubMed:
18946796].

Wong KK, Lee R, Watkins RR, Haller N. Prolonged Clostridium difficile
infection may be associated with vitamin D deficiency. JPEN | Parenter
Enteral Nutr.2016;40(5):682-7. doi: 10.1177/0148607114568121. [PubMed:
25623479).

Abdelfatah M, Nayfe R, Moftakhar B, Nijim A, El Zoghbi M, Donskey
CJ, et al. Low vitamin D level and impact on severity and recurrence

Arch Pediatr Infect Dis. 2019; 7(2):e84382.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

of Clostridium difficile infections. J Investig Med. 2015;63(1):17-21. doi:
10.1097/JIM.0000000000000117. [PubMed: 25479065].

Talachian E, Bidari A, Noorbakhsh S, Tabatabaei A, Salari F. Serum lev-
els of vitamins A and D, and zinc in children with acute diarrhea: A
cross-sectional study. Med | Islam Repub Iran. 2015;29:207. [PubMed:
26157725). [PubMed Central: PMC4476211].

Bucak IH, Ozturk AB, Almis H, Cevik MO, Tekin M, Konca C, et al.
Is there a relationship between low vitamin D and rotaviral diar-
rhea? Pediatr Int. 2016;58(4):270-3. doi: 10.1111/ped.12809. [PubMed:
26287796].

Yang |, Chen G, Wang D, Chen M, Xing C, Wang B. Low serum
25-hydroxyvitamin D level and risk of urinary tract infec-
tion in infants. Medicine (Baltimore). 2016;95(27). e4137. doi:

10.1097/MD.0000000000004137. [PubMed: 27399128]. [PubMed
Central: PMC5058857].

Urashima M, Segawa T, Okazaki M, Kurihara M, Wada Y, Ida H. Ran-
domized trial of vitamin D supplementation to prevent seasonal in-
fluenza A in schoolchildren. Am J Clin Nutr. 2010;91(5):1255-60. doi:
10.3945/ajcn.2009.29094. [PubMed: 20219962].

Ahmed AM, Soares Magalhaes R], Long KZ, Ahmed T, Alam MA, Hos-
sain MI, et al. Association of vitamin D status with incidence of en-
terotoxigenic, enteropathogenic and enteroaggregative Escherichia
coli diarrhoea in children of urban Bangladesh. Trop Med Int Health.
2016;21(8):973-84. doi: 10.1111/tmi.12731. [PubMed: 27253178].

Lappe JM. The role of vitamin D in human health: A paradigm
shift. | Evid Based Complementary Altern Med. 2011;16(1):58-72. doi:
10.1177[1533210110392952.

Liu PT, Stenger S, Li H, Wenzel L, Tan BH, Krutzik SR, et al. Toll-like
receptor triggering of a vitamin D-mediated human antimicrobial
response. Science. 2006;311(5768):1770-3. doi: 10.1126/science.1123933.
[PubMed: 16497887].

White JH. Vitamin D signaling, infectious diseases, and regu-
lation of innate immunity. Infect Immun. 2008;76(9):3837-43.
doi: 10.1128/IA1.00353-08. [PubMed: 18505808]. [PubMed Central:
PMC2519414].

Zasloff M. Inducing endogenous antimicrobial peptides to bat-
tle infections. Proc Natl Acad Sci U S A. 2006;103(24):8913-4. doi:
10.1073/pnas.0603508103. [PubMed: 16754884]. [PubMed Central:
PMC1482538].

Wu S, Liao AP, Xia Y, Li YC, Li JD, Sartor RB, et al. Vitamin D receptor
negatively regulates bacterial-stimulated NF-kappaB activity in intes-
tine. Am J Pathol. 2010;177(2):686-97. doi: 10.2353/ajpath.2010.090998.
[PubMed: 20566739]. [PubMed Central: PMC2913341].

limura M, Gallo RL, Hase K, Miyamoto Y, Eckmann L, Kagnoff
MEF. Cathelicidin mediates innate intestinal defense against colo-
nization with epithelial adherent bacterial pathogens. | Immunol.
2005;174(8):4901-7. [PubMed: 15814717].

Wehkamp |, Schauber ], Stange EF. Defensins and cathelicidins in gas-
trointestinal infections. Curr Opin Gastroenterol. 2007;23(1):32-8. doi:
10.1097/MOG.0b013e32801182¢2. [PubMed: 17133082].


http://dx.doi.org/10.1016/j.ijid.2005.05.009
http://www.ncbi.nlm.nih.gov/pubmed/16458564
http://dx.doi.org/10.1016/j.ijid.2006.05.011
http://www.ncbi.nlm.nih.gov/pubmed/16997593
http://dx.doi.org/10.1111/j.1651-2227.2009.01594.x
http://www.ncbi.nlm.nih.gov/pubmed/19900174
http://dx.doi.org/10.1186/s13054-014-0660-4
http://www.ncbi.nlm.nih.gov/pubmed/25475621
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4277653
http://dx.doi.org/10.1096/fj.01-0433rev
http://www.ncbi.nlm.nih.gov/pubmed/11726533
http://dx.doi.org/10.1038/nrendo.2010.226
http://www.ncbi.nlm.nih.gov/pubmed/21263449
http://dx.doi.org/10.1002/ppul.21089
http://www.ncbi.nlm.nih.gov/pubmed/19746437
http://www.ncbi.nlm.nih.gov/pubmed/17277810
http://dx.doi.org/10.1056/NEJMra070553
http://www.ncbi.nlm.nih.gov/pubmed/17634462
http://dx.doi.org/10.1097/INF.0b013e3182868989
http://www.ncbi.nlm.nih.gov/pubmed/23340562
http://dx.doi.org/10.1080/09637480802400487
http://www.ncbi.nlm.nih.gov/pubmed/18946796
http://dx.doi.org/10.1177/0148607114568121
http://www.ncbi.nlm.nih.gov/pubmed/25623479
http://dx.doi.org/10.1097/JIM.0000000000000117
http://www.ncbi.nlm.nih.gov/pubmed/25479065
http://www.ncbi.nlm.nih.gov/pubmed/26157725
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4476211
http://dx.doi.org/10.1111/ped.12809
http://www.ncbi.nlm.nih.gov/pubmed/26287796
http://dx.doi.org/10.1097/MD.0000000000004137
http://www.ncbi.nlm.nih.gov/pubmed/27399128
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5058857
http://dx.doi.org/10.3945/ajcn.2009.29094
http://www.ncbi.nlm.nih.gov/pubmed/20219962
http://dx.doi.org/10.1111/tmi.12731
http://www.ncbi.nlm.nih.gov/pubmed/27253178
http://dx.doi.org/10.1177/1533210110392952
http://dx.doi.org/10.1126/science.1123933
http://www.ncbi.nlm.nih.gov/pubmed/16497887
http://dx.doi.org/10.1128/IAI.00353-08
http://www.ncbi.nlm.nih.gov/pubmed/18505808
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2519414
http://dx.doi.org/10.1073/pnas.0603508103
http://www.ncbi.nlm.nih.gov/pubmed/16754884
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1482538
http://dx.doi.org/10.2353/ajpath.2010.090998
http://www.ncbi.nlm.nih.gov/pubmed/20566739
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2913341
http://www.ncbi.nlm.nih.gov/pubmed/15814717
http://dx.doi.org/10.1097/MOG.0b013e32801182c2
http://www.ncbi.nlm.nih.gov/pubmed/17133082
http://pedinfect.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Ethical Consideration

	4. Results
	Table 1
	Table 2
	Table 3
	Table 4

	5. Discussion
	5.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 
	Patient Consent: 

	References

