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ABSTRACT A

Background: Supplementation of zinc and Vitamin A shows inconsistent effects on the respiratory morbidity in children
in developing countries. Aims and Objectives: The aim of this study is to evaluate the effect of zinc and zinc + Vitamin A
supplementation on the acute upper respiratory infections (AURTISs) in the pediatric patients aged between 2 and 12 years.
Materials and Methods: A randomized double-blind placebo-controlled trial was employed in the present study. A total
of 80 children suffering with AURTI were randomly assigned to one of three intervention groups: Placebo group, daily
zinc (2-2.5 mg elemental zinc/Kg divided on 1-3 doses) group, and daily zinc + once dosing of Vitamin A (50000 IU)
group in addition to the required treatment for their respiratory illness. Differential blood count analysis and C-reactive
protein (C-RP) were assayed on days 1 and 5, and then, zinc or placebo was given daily for 6 months to the children,
which were followed up and monitored once weekly for 6 months. The information regarding adverse effects, AURTI
incidence, and missing school days were then collected. Results: The total white blood cells count, neutrophil (staph)
percentage, and C-RP significantly decreased by post-supplementation with both zinc and zinc + Vitamin A. Monocytes
percentage showed a significant increase by post-supplementation with zinc + Vitamin A (P = 0.011). In addition, AURTI
and school absence incidences were significantly decreased in both zinc and zinc + Vitamin A recipients compared to
placebo patients. Conclusion: We concluded that zinc alone or simultaneous zinc and Vitamin A supplementation in
AURTI patients significantly improved the clinical outcome by improving the immune status.
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INTRODUCTION Upper RTI (URTI) has shown the largest impact on the

disease burden among children.?! It has been detected as a
Respiratory tract infections (RTIs) are common in children  frequent cause of morbidity in neonates and young children
and drive the majority of antibiotic prescribing for this  which predisposes to the risks of being affected with
population.!'! When parental time off work is added to the many diseases such as otitis media, sinusitis, or asthma
costs of health care, RTIs pose a major financial burden.”! 40 1o 1 [p Egypt, a study showed a high prevalence

Access this article online of acute respiratory infections (ARIs) in schoolchildren
Website: www.njppp.com Quick Response code (5 1 ~23%)~[5]

The major global burden of child morbidity and mortality
due to acute URTI has focused the attention on the nutrition
role in promoting children survival. Malnutrition has been
UL found as a major risk factor for recurrent RTIs.[¥! One of the
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most essential nutritional issues in middle- and low-income
countries is the deficiency of zinc and Vitamin A.

Zinc has known as a vital dietary supplement since long
ago. Zinc acts as an antioxidant, microtubule stabilizer,
antiapoptotic agent, growth cofactor, anti-inflammatory agent,
and even cytoprotective against toxins and inflammatory
mediators.””? Moreover, Vitamin A is required for the
proper functioning of a lot of metabolic and physiologic
activities. Vision, hematopoiesis, embryonic development,
skin cell differentiation, immune system function, and gene
transcription all require Vitamin A.®

Worldwide, many developed nations’ researches have
reported zinc and Vitamin A deficiencies as major contributors
to child mortality™ Zinc deficiency has been attributed to
poor nutrition, restricted bioavailability from local diets,
and losses during diarrheal illness,!'” while the reasons of
Vitamin A deficiency are due to poor dietary intake, early
weaning from breast milk, or from malabsorption of lipids
and zinc, which is necessary for Vitamin A uptake.® Zn is
essential for the synthesis of retinol-binding protein (RBP).
Zinc deficiency can depress the synthesis of RBP in the liver
and lead to lower concentrations of RBP in the plasma, and
Vitamin A supplementation alone fails to recover this specific
condition.!"?! Despite many children may have seriously
low levels of Vitamin A, still no external signs to be detected,
which may lead silently to children potential infections and
death.”

Zinc and Vitamin A deficiency has dramatic implications
on immune functions. As a matter of fact, previous studies
have effectively related childhood zinc and Vitamin A
deficiency to increase the risk of RTIs, diarrheal disease,
and growth failure.'%®! This has motivated researchers
to investigate the potential role of such supplements in
preventing such infective illnesses.'>!*l Although this has
been previously investigated,!'>!” many studies results have
been heterogeneous, biased, and inconsistent and warranted
further investigation.!'”)

Recently, researches have focused on studying the effect
of zinc and Vitamin A supplementations on problematic
(URTTI). Zinc supplementation has been reported to reduce
the risk or the effects of URTI such as the common cold
or flu."®21 However, several other studies have reported
conflicting results that zinc was only beneficial for boys? or
for children with malnutrition.!”*! Larger discrepancies have
been reported with Vitamin A supplementation studies. It
was found that Vitamin A supplementation reduces measles
morbidity; however, its effects on diarrhea and non-measles
respiratory infection still remain uncertain and need further
verification.**?3

This study estimates the efficacy of zinc and Vitamin A as
adjunct treatment in Egyptian children with acute upper

respiratory infections (AURTIs) and their effects on URTI
and school absence incidences. We want to prove whether
using zinc and Vitamin A will reduce the frequency and
severity of childhood respiratory illnesses or not.

MATERIALS AND METHODS

Patients

A randomized, double-blind, placebo-controlled,
interventional study was conducted on 80 pediatric patients
(33 malesand 47 females). Inclusion criteriaincluded children
aged between 2 and 12 years old. Patients diagnosed with
acute URTI such as a common cold, pharyngitis, tonsillitis,
laryngitis, otitis media, sinusitis, or epiglottitis were randomly
recruited from outpatient pediatric clinics of Nasser Central
Hospital in Naser town, Beni-Suef, Egypt, from September
2014 to February 2015. The Ethics Committee of the Faculty
of Medicine Beni-Suef University (FM-BSU/REC), Beni-
Suef, Egypt, approved the study protocol. Informed consent
was obtained from all guardians of participating children
included in the study. Major exclusion criteria were children
suffering from congenital diseases, immune deficiency,
metabolic diseases, or severe malnutrition (weight for age
<60% of the World Health Organization (WHO)/National
Center for Health Statistics reference).i®

Procedure

The eligible patients’ baseline demographic and clinical data
were recorded. Patients were subjected to a complete and
detailed medical history, physical, and clinical examination.
Eligible pediatric patients were randomly assigned into
one of three interventional treatment groups, as presented
in Table 1. Random numbers were utilized to allocate each
child to receive either zinc or zinc + Vitamin A or a placebo
syrup for the study period.

Zinc or placebo was taken daily for 6 months next to their
acute illness standard treatment utilized as per the WHO
guidelines.””! Placebo and zinc syrups and placebo and
Vitamin A capsule were made identical in appearance.
Investigators made regular visits (once weekly) to study

Table 1: Three interventional treatment groups
Group | (n=30)

Assigned to receive placebo in addition to the
required treatment for their illnesses

Group 2 (n=30) Assigned to receive zinc supplementation (2-2.5
mg elemental zinc/kg divided on 1-3 doses, zinc
origin®10 mg/5 ml syrup, Origin International

Pharma company Ltd., Egypt), in addition to, the

required treatment for their illnesses

Group 3 (n=30) Assigned to receive zinctsingle dose Vitamin A
supplementation (50000 IU, A Viton®, Kahira
Pharm and Chem. Ind. Co, Egypt) in addition to the

required treatment for their illnesses
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patients for additional monitoring of any new incidence of
an URTI such as a common cold, pharyngitis, tonsillitis,
laryngitis, otitis media, sinusitis, or epiglottitis. At each visit,
mothers were asked about respiratory illness incidence in
the previous 7 days. Moreover, school absence days due to
illness were also recorded during 6 months’ study period.

An acute (URTI) episode was defined as the presence of one
or two of the following clinical symptoms experienced for at
least 1 day: Runny nose, cough, sore throat, otalgia, muscle
ache, and elevated body temperature, without the signs of
rapid and difficult breathing. Three symptom-free days
were required before defining a new acute (URTI) episode.
The number of URTI incidences and missing school days
were recorded for each patient and used to monitor patient
morbidity.?®*! Investigators monitored syrups consumption
and recorded compliance data. Non-compliance was defined
as syrup consumption of <75% of the total supplement days.

Blood Sampling

At enrolment and 4 days later of the study, non-fasting
venous blood samples (3 cm?®) were withdrawn from each
patient for the determination of complete blood count (CBC)
with differential count (2 cm?) and C-reactive protein (CRP)
quantitatively (1 cm?). CBC with differential count was done
automated by Cell Dyn 3700 device followed by manual
differential count, while CRP was determined quantitatively
with latex mechanism. CRP latex reagent is a suspension of
polystyrene particles sensitized with antihuman CRP. The
approximate CRP concentration in serum can be calculated
by the following formula: CRP mg/L = highest positive
dilution x 6 (as the reagent sensitivity is 6 mg/L).

Statistical Methods

SPSS V18.0 (SPSS Inc., Chicago, USA) was used for
statistical comparison of all treatment groups using student
t-test. The calculated P-value is considered statistically
significant if < 0.05.

RESULTS

The baseline demographic and clinical characteristics of
patients were presented in Table 2. A total of 80 randomly
selected pediatric patients (33 males and 47 females) were
recruited in the study. Patients were randomly assigned into
three treatment groups: Group 1 of 20 patients (4 males
and 16 females) with mean + standard deviation (SD) age
(year) of 6.2 = 3.5, Group 2 of 30 patients (12 males and
18 females) with mean + SD age 6.7 + 2.8, and Group 3 of
30 patients (17 males and 13 females) with mean = SD age
7.5 +2.6. As presented in Table 2, all study treatment groups
were well balanced with respect to baseline demographic
and clinical characteristics or with respect to their current
medical condition.

Differential CBC Results

Table 3 shows that hemoglobin (Hgb) results were not affected
with either zinc or zinc + Vitamin A supplementation. The
total white blood cells (WBCs) count decreased significantly
(P = 0.001) post-zinc and zinc + Vitamin A treatment.
However, neutrophil (staph) percent values significantly
decreased following Zn supplementation (P = 0.001) and
following zinc + Vitamin A supplementation (P = 0.001).
Comparable reductions were observed with zinc and zinc
+ Vitamin A treatment groups. For lymphocytes percentage
values, they significantly increased in control group (P
= 0.008), post-zinc treatment (P = 0.001), and post-zinc +
Vitamin A treatment (P = 0.018).

In addition, monocytes percentage values did not show any
significant difference post-Zn treatment group and changed
significantly (P = 0.011) post-Zn + Vitamin A supplements.
Regarding CRP values, a highly significant (P = 0.001)
decrease for both treatment groups compared to placebo (P =
0.019) was achieved. Non-significant difference was reported
between Zinc and Zinc + Vitamin A groups in (CRP) values.

AURTIs Morbidity

Monitoring of URTT and school absence incidences during the
study period revealed that the mean = SD of URTI incidences
were 2.9 £2.3, 1.7+ 2.3, and 1.5 £ 1.9 for the placebo, zinc,
and zinc + Vitamin A, respectively. Moreover, missing school
days per student during the study period were 1.7 + 1.5, 0.8 £+
0.5, and 0.6 £ 2.2 for the placebo, zinc, and zinc + Vitamin A
recipients, respectively.

Adverse Effects

Apart from four participants in the zinc + Vitamin A group
who complained from mild gastrointestinal discomfort that
resolved quickly, all treatment were well tolerated. None of
the patients required hospitalization, stopping the treatment
regimen, medical attention, or withdrawal from the trial.

Compliance

During the whole study treatment period, 96.6%, 97.3%, and
95.2% of subjects consumed >95% of their medication in
placebo, zinc, and zinc + Vitamin A recipient.

DISCUSSION

Malnutrition is considered as major risk factors for a
worldwide increased child morbidity and mortality from
infectious diseases. Thus, interventional micronutrient
supplementation has been known as one of the most important
cost-effective approaches to boost immune function for
prevention or treatment of different infections. Understanding
the biological mechanism and changes in hematological
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Table 2: Baseline demographic and clinical characteristics of the study patients (n=80)

Demographic details mean+SD Group 1 (n=20) standard Group 2 (n=30) standard Group 3 (n=30) standard
or n (%) treatment-+placebo treatment+zinc treatment+zinc+Vitamin A
Age (year) 6.2+3.5 6.7+2.8 7.542.6
Sex

Male 4 (20) 12 (40) 17 (56.7)

Female 16 (80) 18 (60) 13 (43.3)
Breastfeeding duration

Non - 2 (6.6) 1(3.3)

6-12 10 (50) 16 (53.3) 14 (46.6)

>12 10 (50) 12 (40) 15 (30)
Socioeconomic standards

Low 14 (75) 21 (70) 22 (73.3)

Middle 6 (25) 9(30) 8(26.6)
Symptoms onset

1*t day 15 2(6.7)

2" day 7 (35) 9(30) 8(26.6)

37 day 9 (45) 16 (53.3) 17 (56.7)

>3 day 3(15) 3(10) 5(16.6)
Symptoms

Fever 10 (50) 19 (63.3) 15 (50)

Running nose 2 (10) 14 (46.6) 21 (70)

Cough 13 (65) 10 (33.3) 6 (20)

Sore throat 17 (85) 29 (96.6) 28 (93.3)

Ear pain 11 (55) 7(23.3) 2 (6.6)

Vomiting 1(5) 1(3.3) 2 (6.6)
Nose secretions

Watery 7 (35) 10 (3.3) 13 (43.3)

Mucoid 3(15) 14 (46.6) 18 (60)

Purulent 1(5)
Throat

Congested 17 (85) 25(83.3) 20 (66.6)

Tonsil follicles 4(13.3) 8 (26.6)
Cervical lymph node

Unilateral 2 (100) 3(10) 4(13.3)

Bilateral 6 (30) 8(26.6) 7(23.3)
Eye redness

4(20) 4(13.3) - Eye redness
Provisional diagnosis

Pharyngitis 12 (60) 18 (60) 13 (43.3)

Tonsillitis 8 (40) 11 (36.3) 16 (53.3)

Otitis media 1(3.3)

Common cold 1(3.3)
URT disease course

Stable 6 (30) 5(16.6) 2 (6.6)

Progressive 14 (70) 25(83.3) 28 (93.3)

Regressive

Recurrent URTT history/year
Once 1(5)

(Contd...)

Issue 7
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Table 2: (Continued)

Demographic details mean+SD

Group 1 (n=20) standard

Group 2 (n=30) standard Group 3 (n=30) standard

or n (%) treatment+placebo treatment+zinc treatment+zinc+Vitamin A
2
3 4(20) 1(3.3) 4(13.3)
4 5(25) 13 (43.3) 9 (30)
>4 10 (50) 16 (53.3) 17 (56.6)
Treatment received
Oral antibiotic 20 (100) 28 (93.3) 22(73.3)
IM antibiotic 2 (6.6) 10 (33.3)
NSAID 10 (50) 11 (36.6) 10 (33.3)
Antihistamine 6 (20) 19 (63.3)
Antipyretic 1(5) 7(23.3) 2 (6.6)
Cough syrup 6 (30) 2 (6.6) 1(3.3)

AURT: Acute upper respiratory tract, URTI: Upper respiratory tract infection, NSAID: Nonsteroidal anti-inflammatory drug, SD: Standard

deviation

Table 3: Mean+SD differential blood count analysis of the study patients before and after zinc or zinc+Vitamin A

supplementation (n=80)

Clinical parameter

Before treatment mean+SD

After treatment mean+SD

Group 1 Group 2 Group 3 Group 1 Group 2 Group 3
(placebo) n=20  (Zn) =30  (Zn+Vitamin A n=30  (placebo) n=20 (Zn) n=30  (Zn+Vitamin A)
n=30
Hgb (g/dl) 12.6+1 12.1+1 12.4+0.9 12.7£0.9 12.1+0.9 12.3£0.7
WBCx10*/mm? 9.0+4.1 9.2+3.4° 9.9+4.12 7.25€2.7 6.6+2.5° 7.1£2.7°
Neutrophil (staph) (%) 5.1+£7.9 3.242.9% 6.4+5.5% 3.3+4.8 1.5+0.92 1.9+1.72
Lymphocyte (%) 33+15.3¢ 39.9+17° 41.8+18.4° 47.25£11.6° 53.3+11.4° 49.149.5
Monocyte (%) 8.343.3 7.4+4.1 5.542.5 7.843.2 6.4+2.6 7.1£1.5°
CRP (mg/L) 14.3+15.4° 20.1+£28.9° 15.2+16.3? 5.4+6.8° 4.9+£9.22 3. 74317

“Highly significant<0.01, *Significant<0.05. WBC: White blood cell, CRP: C-reactive protein, SD: Standard deviation, Hgb: Hemoglobin

parameters associated with micronutrients supplementation
may help to better understand and compromise malnutrition
disease-related morbidity and effectively interrupt vicious
infection cycles.

The importance of micronutrients such as zinc and Vitamin
A is increasingly appreciated to have the largest impact
on respiratory diseases burden among children. Several
studies have viewed zinc and Vitamin A supplementation as
a beneficial therapeutic option to improve many infectious
diseases outcomes; nonetheless, still studies inconsistencies
and variability warrant further investigations.”

Zinc is an important signaling element that plays a pivotal
role in cell-mediated immune functions, inflammation,
and oxidative stress. These attractive features make this
supplement an appealing therapeutic option for many
infections and chronic diseases. This is the rationale behind
Zn therapeutic benefits in many disease conditions such
as acute infantile diarrhea, acute upper and lower RTIs,
acrodermatitis enteropathica, and prevention of age-related
macular degeneration.®!’ Despite that many governments have

now officially introduced routine Vitamin A supplementation
programs, still its benefits are inconsistent among trials,
especially regarding respiratory morbidity.?

Moderate—severe malnutrition patients (weight for age <60%
ofthe WHO/National Center for Health Statistics reference) 12
were excluded from the study to avoid modifying supplement
effects. All treatment groups’ demographic and clinical
characteristics and compliance were similar across groups.

As noted from our results in all patient groups, Hgb was not
affected post-zinc or zinc + Vitamin A treatment compared
to placebo because determination of CBC with differential
count was done at enrolment, and 4 days later of the study,
so it was a very short period of time to affect Hgb levels.
Theoretically, large zinc doses for prolonged periods of
time have been thought to be of concern to cause anemia
due to a decreased circulating lipoproteins and diminished
copper absorption that should impair iron transportation.?*!
However, several clinical trials and meta-analysis results
have contradicted this theory and reported zinc supplement
as a relatively safe intervention that does not adversely affect
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Hgb level 3433

In fact, the decrease in neutrophil count initiated by Zn
supplement in this study is in agreement with previous studies
that reported a potential Zn antioxidant effect by negatively
affecting neutrophils and inflammatory cytokines and their
generated reactive oxygen species (ROS) in normal healthy
subjects.26-38]

In addition, lymphocytes count increased in all groups as
vast majority 80-90% of RTIs are caused by viruses®”! and
lymphocytosis occurs in acute viral infections.” The major
increase was in zinc group. Zinc treatment significantly
improved lymphocytes count in our study. It has been
previously reported that =zinc supplement increased
the number of circulating T-lymphocytes, especially
CD4 cells.*" This may be attributed to zinc directly affecting
lymphocytes differentiation, maturation, and proper function.
An increased level of lymphocytes apoptosis has been
observed in zinc-deficient mice.? Similarly, a previous
study on pediatric patients with shigellosis showed that only
a 2 weeks’ treatment course of 20 mg elemental Zn during
acute shigellosis increased the lymphocyte proliferation and
boosted immune function.™*!

CRP has long been known as an attractive marker of
inflammation, as its concentrations increased rapidly within
a few hours of infection and even before the incidence of
any clinical symptoms.[*! In our study, zinc supplement was
associated with significant decrease in CRP, an effect that can
be attributed to its potential antioxidant and anti-inflammatory
role that has been repeatedly pointed out in several studies.
Zn supplement has been associated to be inversely related to
the degree of inflammation and CRP levels in hemodialysis
patients,[*] diabetic patients,®! critically ill sepsis patients,*”
HIV patients,* and RTTs.*”!

However, when comparing the monocytes percentage values
in Zn and Zn + Vitamin A groups, it was highly significant in
Zn + Vitamin A group only. This result agreed with a study
reported a positive association between Vitamin A stores
and production of ROS by stimulated monocytes, suggested
greater protection against bacterial infections.”

The current results disagree with the previous studies that
reported that Vitamin A supplementation had no effect on
acute lower RTIs.’! Other previous studies have debated
that Vitamin A may increase respiratory infection adverse
events.™?l In contrast, several other studies have shown the
beneficial role of Vitamin A added to zinc supplementation
in significantly decreasing acute lower respiratory
infections.!3

Such controversial outcomes regarding Vitamin A role in
respiratory morbidity may be attributed to possible concurrent
nutritional deficiency that may impair Vitamin A absorption

and utilization and also may be due to the differences in
treatment regimens as smaller frequent Vitamin A doses
appeared to be more beneficial than once large doses.’*>!
Another explanation for this discrepancy was suggested by
other studies that concluded that Vitamin A supplementation
was only effective in malnourished children, as it improved
their humoral and cellular immune functions and reduced their
total morbidity and mortality in several infectious diseases
such as measles, diarrhea, and ARTIL.% Nevertheless, the
same intense pharmacological response of the vitamin in
well-nourished children may be associated with adverse
effects due to a more pronounced inflammatory response.t”

Regarding disease morbidity, both zinc and zinc + Vitamin A
supplementation showed a significant reduction in AURTT and
school absence incidences, compared to placebo group. This
is in accordance with several other studies that also reported
zinc supplement correlation with lower episodes of AURTIs
in a highly mentally and physically stressed population such
as the United States Air Force Academy.*” Moreover, zinc
supplement has been associated with decreased duration of
cold symptoms and incidences!'” and less need for antibiotics
in severe infections.? Daily zinc supplementation was found
to decrease the incidence of diarrhea and ARIs as early as
6 weeks of age.[

Possible Limitations of Study

Infants aged 1-9 months and children <2 were not included
in our study, besides our data cannot differentiate whether
this beneficial influence of Zn was due to previous zinc
deficiency or due to direct boosting of the immune system
that is independent of zinc depletion as plasma zinc levels
were not measured.

CONCLUSION

Adding zinc or simultaneous zinc and Vitamin A
supplementation is positively impacted hematological
parameters and AURTI disease outcomes in the studied
patients. Nonetheless, this study sheds light on the effect of
zinc and simultaneous zinc and Vitamin A supplementation
intervention in lowering AURTIs burden among children.
Practically speaking, the current finding of the study suggests
that concurrent zinc or simultaneous zinc and Vitamin A
therapy potentially reduces inflammatory markers such
as WBC count, neutrophils, and CRP and improved cell-
mediated immunity and significantly decreases school
absence and AURTIs incidence without affecting Hgb
levels. Nevertheless adding Vitamin A significantly increases
monocytes percent, as Vitamin A is important regulators
of monocytic differentiation and function, which means a
greater protection against infections. These findings indicate
an important public health impact of zinc and Vitamin A
supplementation on children with URTIs, especially in
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developing countries, where URTIs are a frequent cause of
morbidity in young children which predisposes to the risks
of being affected with many diseases such as otitis media,
sinusitis, or asthma attacks. Further studies are required to
confirm our results and to determine the proper dose for this
effect.
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