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ABSTRACT

Many factors contribute to the development, progression and management of allergies. Immunoglobulin E (IgE) has a well-
established role in allergic disorders and vitamin D has also been implicated in some forms of allergy. Vitamin D is a fat-
soluble secosteroid hormone which is actively responsible for calcium balance and bone health. It also plays important roles
in regulating neuromuscular function, cellular differentiation, insulin secretion and blood pressure. IgE, produced by the B-
lymphocytes, is primarily involved in mediating hypersensitivity. It is associated with anaphylaxis and other forms of allergic
reactions. It also plays several other vital roles in the immune system such as functional activation of T cells and wound
healing. Low serum vitamin D is associated with the onset of asthma and atopic dermatitis by triggering IgE-mediated type-
1 hypersensitivity but at the same time supra-normal serum vitamin D levels are also associated with the IgE hypersensitivity
in allergic conditions including psoriasis, dermatitis and rhinitis. No clear association has been established between serum
IgE and vitamin D levels in IgE-mediated allergies but has been suggested to maintain normal serum vitamin D levels for
potential protection against the development of IgE-mediated allergic disorders. The current review summarizes the
biological roles of vitamin D and IgE, particularly in the context of allergic disorders. The currently available evidence points
to altered serum vitamin D levels and disturbed vitamin D signaling as a possible reason for IgE mediated allergies but more

data needs to be gathered through future studies to ascertain definitive clinical impact.
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INTRODUCTION

Allergic disorders affect more than one-third of the world’s
population across all age groups and geographical locations.
Allergic disorders can be triggered by various agents including
respiratory allergens, food allergens, skin allergens and drugs.
Many factors have been implicated in the development,
progression and management of allergies. These include
genetic predisposition, environmental influences, nutritional
status and various biochemical factors. Immunoglobulin E (IgE)
is one such factor which has a well-established role in allergic
disorders. Vitamin D has also been shown to play potentially
beneficial roles in some types of allergic disorders. The present
work summarizes the biological functions of vitamin D and IgE
and reviews the evidence gathered so far about the role of
vitamin D and IgE in allergic conditions.

Vitamin D is a fat-soluble vitamin and secosteroid
hormone naturally produced in the skin following exposure to
sun light' which converts the 7-Dehydrocholestrol to
cholecalciferol (vitamin D3)?. Vitamin Ds is then converted to 25-
hydroxyvitamin D in liver by cytochrome P-450 based enzyme
25-hydroxylases® and later in kidney 1-alpha hydroxylases
produces 1,25-dihydroxyvitamin D (calcitriol) by hydroxylation of
calcidiol'*. Vitamin D being synthesized by skin is not sufficient
in many cases therefore supplementation is required®. It is
actively responsible for calcium balance and bone health and
also plays important roles in regulating neuromuscular function,
cellular differentiation, insulin secretion and blood pressure®.
Besides these, vitamin D also serves several other vital
functions including immunomodulatory as well as antioxidant
effects’. Vitamin binds to the vitamin D receptor (VDR) which
are located in nucleus that modulate transcription, thus
regulating cellular functioning®®. Vitamin D receptor (VDR) acts
on vitamin D response elements (VDRE) which eventually take
charge of transcriptional control of genes?°.
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Vitamin D deficiency is a common health problem the
world over with prevalence in Middle Eastern populations
reaching up to 80%?*!. Vitamin D deficiency is also associated
with insulin resistance, poor peripheral glucose uptake and
impaired glucose metabolism*? and with onset of several
cancers as ovarian cancer®. With growing awareness of the
importance of vitamin D in human health, the risk of vitamin D
toxicity has also been increasing due to excessive and
unsupervised vitamin D supplementation*®. Hypervitaminosis D
results in the saturation of VDR, which in turn increases the
transport of vitamin D binding protein (VDBP) into cells
provoking transcription via activation of nuclear receptors®.
These undesired transcriptional events result in toxic
manifestations including gastrointestinal problems like vomiting,
diarrhea and abdominal pain'®. cardiovascular complications
such as hypotension, arrhythmias and degree heart block'®,
renal dysfunction, neuropsychiatric symptoms, pancreatitis and
hypercalciurial”.

Immunoglobulin E (IgE) are produced by the B-
lymphocytes following cytokine stimulation by interleukin-4 (IL-
4) and interleukin-13 (IL-13)*8. IgE is normally present in a very
minute amount in the body but its synthesis is triggered by
foreign particles that act as allergens. Increased IgE production
triggered by allergens results in hypersensitivity response
characterized by allergy and anaphylaxis®. The normal serum
concentration of IgE ranges between 150-300 Ul/ml (or below
110 ng/dL)??%, IgE is primarily thought to be involved in
hypersensitivity reactions but it plays several other vital roles in
the immune system such as functional activation of Th2 cells
and wound healing®®. In fact, the hypotension resulting from
anaphylactic shock is actually a protective mechanism that
hinders circulation and gives the immune system time to resolve
and/or eliminate the toxin from body?°22,

In allergic conditions, IgE acts aa reactive immunoglobulin
that crosslinks to a particular antigen and deters its further
hazardous effects?. Hyper IgE syndrome (HIES) is indicative of
infections primarily cutaneous staphylococcal and fungal
infections?*. It is manifested in the rashes, abscesses,
pulmonary infections and mucocutaneous candidiasis?®. In
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sensitized /previously exposed allergic patients, B cells
upregulate IgE production which eventually results in class
switching of immunoglobulins i.e., from normal 1gG to IgE on
exposure to any foreign particle in mucosa and mucosal
secretions making them prone to more allergic attacks?®. IgE
hypersensitivity is also involved in parasitic infections?’. as well
as IgE mediates basophils to release cytokines and chemokines
to combat again parasitic actions?®,

Figure 1: Mechanism of IgE-mediated allergic reactions
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Mechanism of immunoglobulin e-mediated allergy:
Allergens mediate the release of immunoglobulins, thereby
triggering hypersensitivity reactions which are mostly IgE
mediated type 1 reactions (Figure 1). IgE usually manifests its
allergic actions via two receptors FceRI and CD23 (FceR2)%. In
allergic states, Fc receptor plays a key role as its antagonist
omalizumab is the only biological treatment for asthma at
present®. IgE is associated with anaphylaxis and allergic
reactions®! and almost one-third of the world’s population is
affected from hypersensitivities of various types®?. On exposure
to allergens/ microbes / toxins, B- cells produce specialized
plasma cells as well as memory cells and on re-exposure to
toxin/allergen and with aid of memory cells, germinal center
derived IgG producing plasma cells switch to IgE production that
leads to IgE hypersensitivity®3.

There are several types of IgE-mediated allergies such as
respiratory allergies, food allergies, skin allergies and drug
allergies. Each type of allergy is caused by a specific trigger and
has its characteristic clinical presentation e.g. food allergy may
be caused by a specific food item and leads to inability to
metabolize that food item along with other allergic symptoms. A
Finnish study reported that infants who suffered from rickets

Table 1: Biomarkers of IgE-mediated allergy

developed food allergies more commonly, possibly due to
deficiency of vitamin D, but the exact mechanism is unknown??,
Allergies can be of infective or microbial origin. Allergies are also
commonly caused by environmental agents such as pollen,
dust, smoke, fog and smog. These environmental allergies
typically manifest either in the form of respiratory problems like
bronchial asthma or in the form of anaphylaxis®"*4%, Drug
allergies can vary ranging from cutaneous manifestations as
hives, skin rashes and pruritus to hypotension leading to
cardiovascular collapse®®®’. Different types of IgE mediated
allergies are assessed using various clinical and serological
parameters but a raised serum IgE titer is considered the gold
standard especially in rhinitis, rhinosinusitis, skin allergies and
in drug allergies (Table 1)%. Besides serum IgE, eosinophilia
and positive skin prick test or nasal allergen challenge are good
indicators of allergy®®. Studies have also reported markedly
reduced vitamin D levels in many allergic conditions, indicating
an inverse relation with serum IgE levels*%4L.

Vitamin d and immunoglobulin-e mediated allergy: Vitamin
D has been a topic of debate in the last two decades after the
identification of its multiple biological roles in human health and
disease. Mechanistic and clinical evidence that has emerged
over time has strongly established IgE as a key allergic
mediator. A growing body of scientific evidence has since
implicated vitamin D in IgE-mediated allergic processes and
diseases. Most studies have pointed to a protective role of
vitamin D against allergies, but a few studies have yielded
contradictory results.

Vitamin D deficiency has been suggested as a key
element in development and progression of allergic conditions.
Vitamin D deficiency is closely associated with the type 1
hypersensitivity, especially in the allergic progression of asthma.
Adequate vitamin D status and VDR signaling have been shown
to be potentially protective against asthma by helping lung
maturation and growth, preventing infections and regulating
immune system (Figure 2). The down regulation of VDR
signaling due to vitamin D deficiency induces the production and
proliferation of B-lymphocytes sensitized by interleukin-13 (IL-
13). The resultant enhanced production of IgE leads to onset,
progression and/or exacerbation of allergy*2. Vitamin D has also
been associated with protection and prevention of asthma,
allergic disorders and recurrent respiratory disorders due to the
induction of cathelicidin antimicrobial peptide-37 (LL-37), which
has anti-viral, anti-fungal and anti-bacterial actions®. LL-37,
produced in cells especially in macrophages, natural killer cells
(NK-cells), and epithelial cells of the skin, airways, and intestine
following induction by vitamin D, also controls cell death and
autoimmunity and regulates multiple signaling cascades and
inflammatory pathways*3. Another important but lesser known
function of vitamin D is tissue growth and remodeling via
collagen synthesis and inhibition of metalloproteinase
enzymes?6,

Allergic conditions

Vitamin D levels

IgE levels

Other biomarkers

to low transcription of proteins

Asthma Decreased level is a triggering factor | ++++ Monoclonal antibodies

Rhinitis Subnormal due to remodeling of | +++ Skin prick test (SPT), Nasal Allergen Challenge,
bronchial mucosa Osteopontin.

Rhinosinusitis Decreased levels a triggering factor ++++ Eosinophilic infiltration, Charcot-laden crystal proteins

Skin Allergies Normal/ subnormal +++ Mononuclear infiltrates, Eosinophilia

Drug Allergies Reduced level a triggering factor due | +++ Neutrophilia, Eosinophilia and hypotension

Figure 2. Potential protective mechanisms of vitamin D and VDR signaling against the development, progression and exacerbation of allergic

asthma
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Vitamin D is actively responsible for the remodeling of
airways by inhibition of smooth muscle hyperplasia, with
potentially beneficial effects in asthma*. Activated vitamin D
(1a-25-dihydroxyvitamin D3) hinders the activation, maturation
and functioning of the dendritic cells (DCs), resulting in the
suppression of antigen presentation’. It is also associated with
the anti-inflammatory effects of T-regulatory cells and balances
the ratio of T-helper-1 (Th1) and T-helper 2 (Th2) cells®. Due to
these key roles played by vitamin D, its deficiency has been
shown to predispose to a variety of allergic disorders including
asthma and eczema*?#4. Vitamin D deficiency has been shown
to cause airway hyper-responsiveness, thereby lowering
pulmonary function, worsening asthma control and increasing
steroid resistance®:642

In a study by Manousaki et al., low serum levels of vitamin
D were shown to be associated with the onset of asthma and
atopic  dermatitis by triggering IgE-mediated type-1
hypersensitivity*>. Another study on murine models found
vitamin D deficiency to be associated with exacerbation of
allergic signs and symptoms along with increased pulmonary
inflammation and excessive production of cytokines. When the
vitamin D deficient mice were treated with vitamin D
supplementation, they showed improvement in allergic condition
through upregulation of T-helper cells and stabilization of
eosinophils and mast cells®. A cross-sectional study in
Indonesian children having atopic dermatitis observed a
negative correlation between serum vitamin D levels and a
clinical index of severity of atopic dermatitis*®. Naghizadeh et al.
assessed correlation of serum vitamin D and IgE with various
allergic parameters in Iranian students with allergies. While a
positive correlation between serum IgE and allergies was
observed, no correlation was shown between vitamin D and
IgE*L. A study by Muehleisen et al. yielded the interesting finding
that both subnormal and supra-normal serum vitamin D levels
are associated with the IgE hypersensitivity in allergic conditions
including psoriasis, dermatitis and rhinitis*”. The role of IgE in
development of parasitic infections has also been debated for
quite some time. Results from a study by Malpica et al.
suggested that in patients with Strongyloides stercoralis
infection, IgE production was markedly enhanced due to
increase in T-regulatory cell response as compared compared
to healthy controls*®. Contrarily in an experimental mice model
study by Ridi et al., IgE failed to influence the outcome of
infections by Schistosoma mansoni both exogenously as well as
endogenously.*¥ Interestingly, a study by Martinez et al.
suggested a protective role of vitamin D in Leishmaniasis®.

CONCLUSIONS
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Based on the studies conducted so far, no clear association
can be established between serum IgE and vitamin D levels
in IgE-mediated allergies. Preliminary biochemical and
clinical evidence points to altered serum vitamin D levels and
subsequent disturbances in the vitamin D signaling pathway
as one of the possible reasons for onset and progression of
IgE mediated allergies but larger, comprehensive studies
are required to elaborate this further and furnish definitive
clinically useful insights. Based on the available data, it is
advisable to maintain normal serum vitamin D levels for
potential protection against the development of IgE-
mediated allergic disorders.

Acknowledgement: The authors extend their appreciation
to the Deanship of Scientific Research, University of Hafr Al-
Batin for funding this work through the research group
project No. G-103-2020.

REFERENCES

1. Dadaci Z, Borazan M, Kiyici A, Oncel Acir N. Plasma vitamin D
and serum total immunoglobulin E levels in patients with seasonal
allergic conjunctivitis. Acta ophthalmologica. 2014;92(6):e443-6.

2. Tripkovic L, Lambert H, Hart K, Smith CP, Bucca G, Penson S, et
al. Comparison of vitamin D2 and vitamin D3 supplementation in
raising serum 25-hydroxyvitamin D status: a systematic review
and meta-analysis. The American journal of clinical nutrition.
2012;95(6):1357-64.

3. Borel P, Caillaud D, Cano NJ. Vitamin D bioavailability: state of
the art. Critical reviews in food science and nutrition.
2015;55(9):1193-205.

4. Jean G, Souberbielle JC, Chazot C. Vitamin D in Chronic Kidney
Disease and Dialysis Patients. Nutrients. 2017;9(4).

5. Rodriguez-Rodriguez E, Aparicio Vizuete A, Sanchez-Rodriguez
P, Lorenzo Mora AM, Lopez-Sobaler AM, Ortega RM. [Vitamin D
deficiency in Spanish population. Importance of egg on nutritional
improvement]. Nutricion hospitalaria. 2019;36(Spec No3):3-7.

6. Guru H, Shah S, Rasool R, Qadri Q, Guru FR, Bashir S, et al.
Correlation between Asthma Severity and Serum Vitamin D
Levels: Experience from a Tertiary Care Centre in North India.
Journal of Biomedical Sciencies. 2018;07(03).

7. Demir MG. Comparison of lalpha-25-dihydroxyvitamin D3 and
IgE Levels between Allergic Rhinitis Patients and Healthy People.
International archives of otorhinolaryngology. 2018;22(4):428-31.

8. Guo H, Guo J, Xie W, Yuan L, Sheng X. The role of vitamin D in
ovarian cancer: epidemiology, molecular mechanism and
prevention. Journal of ovarian research. 2018;11(1):71.

9. Trochoutsou Al, Kloukina V, Samitas K, Xanthou G. Vitamin-D in
the Immune System: Genomic and Non-Genomic Actions. Mini
reviews in medicinal chemistry. 2015;15(11):953-63.

10. Cui C, Xu P, Li G, Qiao Y, Han W, Geng C, et al. Vitamin D
receptor activation regulates microglia polarization and oxidative
stress in spontaneously hypertensive rats and angiotensin Il-
exposed microglial cells: Role of renin-angiotensin system. Redox
biology. 2019;26:101295.

497 PJMHS Vol 14, NO. 3, JUL — SEP 2020



Farhan Khashim Alswailmi, Mirza Zeeshan Sikandar, Syed Imran Ali Shah

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Lips P, Cashman KD, Lamberg-Allardt C, Bischoff-Ferrari HA,
Obermayer-Pietsch B, Bianchi ML, et al. Current vitamin D status
in European and Middle East countries and strategies to prevent
vitamin D deficiency: a position statement of the European
Calcified Tissue Society. European journal of endocrinology.
2019;180(4):P23-P54.

Igbal S, Shah SIA, Sikandar MZ. RELATIONSHIP BETWEEN
SERUM VITAMIN D AND INSULIN RESISTANCE IN NORMAL
WEIGHT AND OVERWEIGHT OR OBESE MEN. Professional
Med J. 2019;26(11):1810-4.

Taylor PN, Davies JS. A review of the growing risk of vitamin D
toxicity from inappropriate practice. British journal of clinical
pharmacology. 2018;84(6):1121-7.

Lim K, Thadhani R. Vitamin D Toxicity. Jornal brasileiro de
nefrologia : 'orgao oficial de Sociedades Brasileira e Latino-
Americana de Nefrologia. 2020.

Galior K, Grebe S, Singh R. Development of Vitamin D Toxicity
from Overcorrection of Vitamin D Deficiency: A Review of Case
Reports. Nutrients. 2018;10(8).

Jones G. Pharmacokinetics of vitamin D toxicity. The American
journal of clinical nutrition. 2008;88(2):582S-6S.

Misgar RA, Sahu D, Bhat MH, Wani Al, Bashir MI. Vitamin D
Toxicity: A Prospective Study from a Tertiary Care Centre in
Kashmir Valley. Indian journal of endocrinology and metabolism.
2019;23(3):363-6.

Kelly BT, Grayson MH. Immunoglobulin E, what is it good for?
Annals of allergy, asthma & immunology : official publication of the

American  College of Allergy, Asthma, & Immunology.
2016;116(3):183-7.
Hammerberg B. Canine immunoglobulin E. Veterinary

immunology and immunopathology. 2009;132(1):7-12.

Hsiao CC, Tu KH, Hsieh CY, Lee CC, Chang CH, Fan PC, et al.
Immunoglobulin E and G Levels in Predicting Minimal Change
Disease before Renal Biopsy. BioMed research international.
2018;2018:3480309.

Ishii S. [Immunoglobulin E]. Nihon Rinsho. 1999;57 Suppl:564-6.
Hoxha M, Zoto M, Deda L, Vyshka G. Vitamin D and its role as a
protective factor in allergy. International scholarly research
notices. 2014;2014:951946.

Kowal K, Pampuch A, Sacharzewska E, Swiebocka E, Siergiejko
Z, Siergiejko G, et al. Serum immunoglobulin E reactivity to cross-
reacting panallergen components in north-eastern Poland
patients pollen sensitized. Allergy and asthma proceedings.
2020;41(3):183-91.

Mogensen TH. Primary Immunodeficiencies with Elevated IgE.
International reviews of immunology. 2016;35(1):39-56.
Sowerwine KJ, Holland SM, Freeman AF. Hyper-IgE syndrome
update. Annals of the New York Academy of Sciences.
2012;1250:25-32.

Eguiluz-Gracia I, Layhadi JA, Rondon C, Shamji MH. Mucosal IgE
immune responses in respiratory diseases. Current opinion in
pharmacology. 2019;46:100-7.

Herrick JA, Nordstrom M, Maloney P, Rodriguez M, Naceanceno
K, Gallo G, et al. Parasitic infections represent a significant health
threat among recent immigrants in Chicago. Parasitology
research. 2020;119(3):1139-48.

Eberle JU, Voehringer D. Role of basophils in protective immunity
to parasitic infections. Seminars in immunopathology.
2016;38(5):605-13.

Sutton BJ, Davies AM. Structure and dynamics of IgE-receptor
interactions: FcepsilonRI and CD23/FcepsilonRIl. Immunological
reviews. 2015;268(1):222-35.

Pelaia C, Calabrese C, Terracciano R, de Blasio F, Vatrella A,
Pelaia G. Omalizumab, the first available antibody for biological
treatment of severe asthma: more than a decade of real-life
effectiveness. Therapeutic advances in respiratory disease.
2018;12:1753466618810192.

Matsui T, Tanaka K, Yamashita H, Saneyasu Kl, Tanaka H,
Takasato Y, et al. Food allergy is linked to season of birth, sun

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

exposure, and vitamin D deficiency. Allergology international :
official journal of the Japanese Society of Allergology.
2019;68(2):172-7.

Eckl-Dorna J, Villazala-Merino S, Campion NJ, Byazrova M,
Filatov A, Kudlay D, et al. Tracing IgE-Producing Cells in Allergic
Patients. Cells. 2019;8(9).

He JS, Narayanan S, Subramaniam S, Ho WQ, Lafaille JJ,
Curotto de Lafaille MA. Biology of IgE production: IgE cell
differentiation and the memory of IgE responses. Current topics in
microbiology and immunology. 2015;388:1-19.

Hufnagl K, Jensen-Jarolim E. Vitamin A and D in allergy: from
experimental animal models and cellular studies to human
disease. Allergo journal international. 2018;27(3):72-8.

Elenius V, Palomares O, Waris M, Turunen R, Puhakka T, Ruckert
B, et al. The relationship of serum vitamins A, D, E and LL-37
levels with allergic status, tonsillar virus detection and immune
response. PLoS One. 2017;12(2):e0172350.

Castells M. Drug Hypersensitivity and Anaphylaxis in Cancer and
Chronic Inflammatory Diseases: The Role of Desensitizations.
Frontiers in immunology. 2017;8:1472.

Dorn JM, Alpern M, McNulty C, Volcheck GW. Sulfonamide Drug
Allergy. Curr Allergy Asthma Rep. 2018;18(7):38.

Thorisdottir B, Gunnarsdottir I, Vidarsdottir AG, Sigurdardottir S,
Birgisdottir BE, Thorsdottir I. Infant Feeding, Vitamin D and IgE
Sensitization to Food Allergens at 6 Years in a Longitudinal
Icelandic Cohort. Nutrients. 2019;11(7).

Eguiluz-Gracia |, Tay TR, Hew M, Escribese MM, Barber D,
O'Hehir RE, et al. Recent developments and highlights in
biomarkers in allergic diseases and asthma. Allergy.
2018;73(12):2290-305.

Wang Z, Wang Y, Xu B, Liu J, Ren Y, Dai Z, et al. Vitamin D
improves immune function in immunosuppressant mice induced
by glucocorticoid. Biomed Rep. 2017;6(1):120-4.

Naghizadeh MS, Bahrami A, Mahavar N, Asghari A, Fereidouni
M. Vitamin D and its association with allergic status and serum
IgE. Revue Francaise d'Allergologie. 2019;59(6):427-33.

Hou C, Zhu X, Chang X. Correlation of vitamin D receptor with
bronchial asthma in children. Exp Ther Med. 2018;15(3):2773-6.

Kahlenberg JM, Kaplan MJ. Little peptide, big effects: the role of
LL-37 in inflammation and autoimmune disease. Journal of
immunology. 2013;191(10):4895-901.

Ansari SF, Memon M, Brohi N, Kumar B. Vitamin D and Serum
Immunoglobulin E Levels in Allergic Rhinitis: A Case-control
Study from Pakistan. Cureus. 2019;11(12):e6495.

Manousaki D, Paternoster L, Standl M, Moffatt MF, Farrall M,
Bouzigon E, et al. Vitamin D levels and susceptibility to asthma,
elevated immunoglobulin E levels, and atopic dermatitis: A
Mendelian randomization study. PLoS medicine.
2017;14(5):e1002294.

Munawwarah L, Evalina R, Sofyani S. Serum 25-hydroxyvitamin-
D level and atopic dermatitis severity in children. Paediatrica
Indonesiana. 2018;57(5):234.

Muehleisen B, Gallo RL. Vitamin D in allergic disease: shedding
light on a complex problem. The Journal of allergy and clinical
immunology. 2013;131(2):324-9.

Malpica L, White AC, Jr., Leguia C, Freundt N, Barros N, Chian
C, et al. Regulatory T cells and IgE expression in duodenal
mucosa of Strongyloides stercoralis and human T lymphotropic
virus type 1 co-infected patients. PLoS neglected tropical
diseases. 2019;13(6):e0007415.

El Ridi R, Ragab S, Lewis S, Afifi A. Role of IgE in primary murine
Schistosomiasis mansoni. Scandinavian journal of immunology.
2001;53(1):24-31.

Ramos-Martinez E, Gutierrez-Kobeh L, Villasenor-Cardoso MI.
The role of vitamin D in the control of Leishmania infection.
Canadian  journal of physiology and pharmacology.
2015;93(5):369-76

PJMHS Vol 14, NO. 3, JUL — SEP 2020 498



