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Abstract

Background: Pneumonia is the most common Illness affecting infants and children globally. Childhood pneumonia has
been identified as the major “forgotten killer of children” by UNICEF and the WHO. The WHO and United Nations
Children’s Fund (UNICEF) in 2013, published the integrated Global Action Plan for Pneumonia and Diarrhoea (GAPPD)
which outlined a framework for ending preventable child deaths due to diarrhoea and pneumonia by 2025.

Zinc is a vital micro element that is essential for a variety of fundamental biological processes due to its function as a
transition metal, cofactor, structural component, and signalling molecule. Zinc is also an essential component of
antibacterial immunity. The impaired immunocompetence due to low zinc states enhances the establishment of a
particular infection due to a reduction in the clearance of infectious agents.

Recommend zinc nutritional intake is 10-20mg/day for children. It is estimated that 17-20% of the world’s population
may be zinc deficient. Zinc deficiency is common among children in developing countries because of inadequate food
intake, particularly from animal source and limited bioavailability from local diet. It has been proposed that zinc can be
areal potential in the prevention of pneumonia morbidity and mortality.

Objective: To study the effect of zinc supplementation as an adjuvant therapy on outcome of pneumonia.

Method: We conducted a randomised controlled trial from march 2023 to february 2024. All children in the the age
group of 2 months to 2 years, who presented with the features of pneumonia to the department of Paediatrics in Akash
institute of medical sciences and research centre Devanhalli, Bangalore rural. Ethics consent was obtained from
Institutional ethical committee. Demographic details such as name, age, gender along with clinical profile was taken.
After admission, detailed history and physical and systemic examination were carried out and necessary data collected.

Sample size being 50 cases, they were divided in two groups as case group (zinc group) and control group by stratified
randomisation, 25 participants being in each group. Enrolled children were given standard treatment for pneumonia in
the form of oxygen, intravenous fluids, bronchodilators, parenteral antibiotics. Enteral feeds were started once the child
respiratory distress improved, oxygen saturations greater than 93%, baby was able to tolerate feed. Zinc group received
20 mg of elemental zinc per day as a single dose for 7 days.

Result : Out of the total 50 cases, two groups were divided with 25 cases in zinc group and 25 cases in non-zinc group.
In zinc group 6 cases (50%) took 24-48 hours for disappearance of symptoms, another 3 cases (26%) less than 24 hours,
in 1 case time for disappearance of symptoms was 48-72 hours, another case which took 72-96 hours. The mean
duration of time taken for disappearance of danger signs was 42.33 +13.89 hours.
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In the non-zinc group (36%) 5 cases took 24-48 hours for disappearance of danger signs, 3 cases (22%) which took 48-
72 hours and 2 cases (14%) which took 96-120 hours, 2 more cases (14%) which took 120-144 hours. The mean
duration of hospital stay in non-zinc group was 62.28 +10.84 hours which is comparatively more than that of zinc

group.

Conclusion: This study concluded that zinc supplementation shortens the time taken for resolution of respiratory
distress and resolution of symptoms. However, it was not found to be of much help in improving oxygen saturation. It
also did not show any significant decrease in time taken for disappearance of danger signs and duration of hospital stay.

Key words: Zinc; Pneumonia; GAPPD; UNICEF.

1. Introduction

Pneumonia is the most common illness affecting infants and children globally. Childhood pneumonia has been identified
as the major “forgotten killer of children” by UNICEF and the WHO. According to WHO pneumonia killed 7,40,180
children under the age of 5 in 2019 accounting for 14% of all deaths and 22% of all deaths in children aged 1-5y. India
has the highest number of global under 5 deaths due to pneumonia with estimated 508 deaths per day in 20171

The WHO and United Nations Children’s Fund (UNICEF) in 2013 published the integrated Global Action Plan for
Pneumonia and Diarrhoea (GAPPD) which outlined a framework for ending preventable child deaths due to diarrhoea
and pneumonia by 20252. The GAPPD emphasises a “protect, prevent, treat” approach and includes proven effective
interventions2. However, estimates suggest that the sustainable development goal to eliminate preventable child deaths

by 2030 will remain improbable unless deaths due to childhood pneumonia are significantly reduced3. WORLD
PNEUMONIA DAY - NOVEMBER 12th.

There are certain social, Economic and Environmental factors which are responsible for it, such as

Environmental factors like children living in kuccha houses had an increased risk of severe pneumonia.*5, overcrowding
and poorly ventilated houses, higher levels of outdoor pollution in urban areas 16, high levels of solid fuel use causing
indoor pollution in rural areas and poorly

constructed houses were the main reasons for the increased risk of pneumonia in children®7.

Zinc is a vital micro element that is essential for a variety of fundamental biological processes due to its function as a
transition metal, cofactor, structural component, and signalling molecule. Zinc is also an essential component of
antibacterial immunity.

The impaired immunocompetence due to low zinc states enhances the establishment of a particular infection due to a
reduction in the clearance of infectious agents®.

Zinc deficiency was associated with reduced Kkilling activity of phagocytes in pneumococcal infection!?. Recommended
zinc nutritional intake is 10 mg to 20 mg per day for children. It is estimated that 17 to 20% of the world’s population
may be zinc-deficient!!. Zinc deficiency is common among children in developing countries because of inadequate food
intake, particularly from animal source and limited bioavailability from local diet. There are several reports on the
impact of supplementation with nutrients such as zinc and vitamin A for the treatment of pneumonia. zinc deficiency
seems to enhance the airway inflammation and cellular damage in respiratory infections.

Zinc deficiency alters innate and adaptive immunity. Zinc supplementation improves immunity, ameliorates chronic
dysfunctional inflammatory responses, and has been shown to shorten the duration and decrease severity in children
with diarrhea, and since 2004, WHO and Unicef recommend zinc supplementation along with oral rehydration.

It has been proposed that zinc can be a real potential in the prevention of pneumonia morbidity and mortality!2.

Objective

To study the effect of zinc supplementation as an adjuvant therapy on outcome of pneumonia.
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2. Methodology

We conducted a randomised controlled trial study for 12 months from march 2023 to february 2024, where we enrolled
selective cases with age group between 2 months to 24 months, who presented with clinical features of pneumonia to
the OPD in the department of paediatrics of Akash institute of medical sciences and research centre, Devanahalli,
Bangalore rural.

Demographic details such as name, age, sex along with clinical profile was taken. After admission detailed history and
physical and systemic examination were carried out and necessary data such as

Respiratory rate for 1 minute, the count was done at a time when the child was not crying
Oxygen saturations using pulse oximetry

Axillary temperature measured by using standard mercury thermometer

Auscultation findings [crepts, wheeze, bronchial breath sounds ]

Danger signs were recorded in the pro forma

About 50 children were selected they were grouped in to two study group by stratified randomisation, each group were
allotted 25 children one were kept as a zinc group and another were kept as control. Enrolled children were given
standard treatment for pneumonia in the form of oxygen,

intravenous fluids, bronchodilators, parenteral antibiotics.Enteral feeds were started once the child respiratory distress
improved, oxygen saturations greater than 93%, baby was able to tolerate feed.

Zinc group received 20 mg of elemental zinc per day as a single dose for 7 days, observation are made in the terms of

Time for disappearance of danger signs

Time to reach 02 saturation > 90 % in room air
Time for resolution of distress

Time to became asymptomatic

Duration of stay in the hospital

2.1. Statistical Analysis

Total number of cases is 50, out of 50, 25 belongs to zinc group and 25 belongs to non zinc group.

Student t test (two tailed, independent) has been used to find the significance of study parameters on continuous scale
between two groups. Levenls test for homogeneity of variance has been performed to assess the homogeneity of
variance Chi-square/ Fisher Exact test has been used to find the significance of study parameters on categorical scale

between two or more groups. We constructed Kapaln-Meyer plots of duration of each outcome for zinc and Non zinc
groups.

3. Results

In our study, we included 50 cases with 25 cases in each group. There was no lost to follow up and all the 50 cases were
included for analysis.

Mean time to be asymptomatic in zinc group was 64.32+35.13 hours and in non zinc group was 87.48+36.67 hours,
which was statistically significant with p value of 0.008. Time taken to be asymptomatic was lesser with zinc.

In the zinc group mean time for 02 saturation to become more than 90 was 23.9+38.36. In the non-zinc group, the mean
time taken was 45.8+53.42, higher than that of zinc group but, was not found to be statistically significant (P=0.130)

Time taken for resolution of respiratory distress was statistically significant with p value of 0.025. The time taken was
lesser in zinc group that is 52.86+33.42 and in non zinc group it was 75.47+38.15.
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Table 1 The baseline demographic details and the clinical presentation of the study groups.

Variable Zinc No zinc
Age(Mean +- SD) 14.23+-5.28 | 12.58+-7.85
Gender (n,(%))

Male 17(68) 14(56)
Female 8(32) 11(44)
Oxygen saturation n,(%)

<90 11 (44) 16(64)
>90 14(56) 9(36)
Danger signs*

Lethargy 7(28) 8(32)
Inability to drink 16(64) 14(56)
Convulsions 0 1(4)
Stridor 3(12) 4(16)
Chest findings

1. Crepts 20(80%) 19(76%)
2. Wheeze 1(4%) 1(4%)
Diagnosis

Pneumonia 6(24%) 7(28%)
Severe pneumonia 19(76%) 18(72%)

* Danger signs numbers and percentages are not cumulative. Figures Only represent the cases with each sign. Few babies had multiple danger signs.

Similarly, hospital stay was also lesser in zinc group (6.24+3.55) compared to non zinc group(7.52+3.42 ). This
difference was not statistically significant (p=0.368).

In the present study the variable such as Respiratory rate, 02 at RA, Zinc, time for disappearance of danger signs, time
to reach 02 >90 in RA, time for resolution of distress, time to be asymptomatic, Duration of stay were used to compare
between zinc and non zinc group. There was decrease in mean time taken for disappearance of danger signs ,
disappearance of danger signs, time to reach 02 >90 in RA time for resolution of distress, time to be asymptomatic,
Duration of stay in zinc group compared to non zinc group. However statistically significant values were seen in ( P
value <0.05 ) time for resolution of distress and time to be asymptomatic.

Table 2 The outcome variables

Variables Zinc Non zinc P value
Time to be asymptomatic 64.52+7.44 | 88.15+8.34 | 0.008
Time to reach 02 >90 in RA 24.9+8.72 | 44.85+9.12 | 0.13
Time for resolution of distress 51.47+6.42 | 74.57£8.17 | 0.025
Time for disappearance of danger signs | 42.3+12.82 | 62.42+10.73 | 0.246

Mean time taken for disappearance of danger signs(lethargy, inability to drink, convulsions, stridor) in zinc group was 42.33+13.89 and non zinc
group was 62.28+10.84. The time taken was lesser in zinc group however the difference was not statistically significant. (P= 0.246)

4. Discussion

Zinc plays an important role in the development and maintenance of host defence against infections?25. The therapeutic
benefit of oral zinc in diarrhoea has been well documented in a Cochrane review of 18 trials which showed that it
shortened the recovery time in children with acute or persistent diarrhoea in the age group of 6 months to 5 years?2é. In
the case of pneumonia, there are several trials and meta-analyses about zinc supplementation. Some found benefits,
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others limited improvement and some found a lack of benefits compared to placebo. Further, it has also been shown
that routine zinc supplementation lowers the risk of acute respiratory infections and clinical pneumonia in children?7.
In this backdrop, the present study was conducted to study the effect of zinc supplementation as an adjuvant therapy
on outcome of pneumonia.

Age distribution, gender, population distribution in rural and urban localities in our study was similar to most other
studies. Similar to other studies, our patients presented mostly with fever and cough.

In the present study, majority of the children in zinc and non-zinc group were diagnosed with severe pneumonia in 76%
and 72% of the children respectively. In a study done by Shivalingaiah and Ramaraj, 28pneumonia was found in 30% of
the children which is low when compared to the present study.

In the present study the mean duration for the disappearance of danger signs in zinc groups was 42.33 + 13.89 hours
which was lower when compared to non-zinc group with duration of 62.28+10.84 hours and it was not
significant.(p=0.246) Similarly in a study done by Vinayak and Behal??, Duration of resolution of danger signs were not
significant.

The use of zinc as adjunctive therapy for pneumonia was evaluated in several countries. Results from a randomised,
double-blind, placebo-controlled trial of zinc supplementation (25 mg per day) with antibiotics for radiology-confirmed
acute pneumonia in 94 hospitalised children aged 6 to 36 months in Tanzania showed no significant reduction in the
duration of hospitalisation (incidence rate ratio [IRR] = 0.69; 95% CI 0.45 to 1.06; P = .09) or in the proportion of
children hospitalised for less than 3 days (risk ratio [RR] = 0.85; 95% CI 0.57 to 1.25; P = .40) and less than 5 days (RR
= 1.01; 95% CI 0.83 to 1.23; P = .92) when compared with placebo3?. Similarly in our study, mean duration of
hospitalisation in zinc group was 6.24+3.55 which was lesser than and non zinc group that is 7.52+3.42, but this
reduction was not statistically significant.

Similarly, in another meta-analysis of 7 randomised controlled trials with 1066 children from developing countries,
hospitalised for severe acute lower respiratory tract infection, compared the therapeutic role of zinc with placebo3.
Time of resolution of severe illness (standardised mean difference of -0.15; 95% CI -0.5 to 0.2; P = .4) and duration of
hospitalisation (standardised mean difference of -0.29; 95% CI -0.68 to —-0.09; P =.13) were not statistically different
between groups.

In our study, The mean time to reach SPO2 >90 in RA was 23.9+38.36 hours in zinc groups and 45.8+53.42 hours in
non-zinc group and it was found to be non-significant. However, the duration was less in zinc group as compared to the
non-zinc group. In a study done by Srinivasan et al33 the time to normalisation of oxygen saturation 24 hours in zinc
group and 18 hours in non zinc groups and its was found to be nonsignificant. In the study conducted by Bansal et al34
the median (IQR) time taken to achieve oxygen saturation (Sp02) > 95% in room air was similar in zinc and placebo
groups (0 (0-7) hours and 0 (0-6.5) hours, P=0.73). In a study by Bose et al35 The median (95% CI) time taken for
resolution of hypoxia was comparable between zinc (70.7 (65.5, 87.2) hours) and placebo group (72.3 (67.7, 76.2)
hours), (P=0.575).

In this study the mean time for the resolution of the distress was lower in zinc group as compared to the non zinc group
(52.86 + 33.42 vs 75.47 + 38.15 hours) and it was found to be significant with p value of 0.025. Similarly, Basavraj et al
study3? the mean duration for resolution of distress in zinc group was 52.47 * 33.99 hours which was significantly
lower as compared to non-zinc, 74.17 + 37.76 hours (p=0.04).

In our study, the mean time to be asymptomatic was significantly less in zinc group as compared to non zinc group
(64.32 + 35.13 hours vs 87.48 + 36.67 hours; p=0.008). Similarly, in a study done by Basavraj et al32 the mean duration
for the resolution of symptoms was 65.52 + 36.03 hours in zinc group and 88.00+37.97 hours in non-zinc group and it
was found to be significant ( p=0.04).

Our study showed significant reductions in time required for recovery from symptoms of pneumonia and decrease in
respiratory distress who received zinc supplementation along with standard antimicrobial therapy. Also, there was
decrease in time to improve oxygen saturation, and mean duration of hospital stay, however, they were not statistically
significant.
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5. Conclusion

In our study we concluded that zinc supplementation shortens the time taken for resolution of respiratory distress and
time taken for resolution of symptoms. However, it was not found to be of much help in improving oxygen saturations.
It also did not show any significant decrease in time taken for disappearance of danger signs and duration of hospital

stay.

Compliance with ethical standards

Disclosure of conflict of interest

No conflict of interest to be disclosed.

Reference

[1]

Collaborators, G.B.D.L.R.I. Quantifying risks and interventions that have affected the burden of lower respiratory
infections among children younger than 5 years: An analysis for the Global Burden of Disease Study 2017. Lancet
Infect. Dis. 2020, 20, 60-79,

UNICEF. End Preventable Deaths: Global Action Plan for Prevention and Control of Pneumonia and Diarrhoea;
World Health Organization: Geneva, Switzerland, 2013.

Lancet, T. The case for action on childhood pneumonia. Lancet 2017, 390, 2122, Banstola, A,;

Banstola, A. The epidemiology of hospitalization for pneumonia in children under five in the of Nepal: A
descriptive rural western study. PLoS ONE 2013,.

Region Jullien, S.; Pradhan, D.; Tshering, T.; Sharma, R.; Dema, K.; Garcia-Garcia, S.; Ribo, ].L.; Munoz-Almagro, C.;
Bassat, Q. Pneumonia in children admitted to the he national referral hospital in Bhutan: A prospective cohort
study. Int. . Infect. Dis. 2020,

Nhung, N.T.T.; Amini, H.; Schindler, C.; Kutlar Joss, M.; Dien, T.M.; ProbstHensch, N.; Perez, L.; Kunzli, N. Short-
term association between ambient air pollution and pneumonia in children: A systematic review and
metaanalysis of time-series and case-crossover studies. Environ. Pollut 2017, 230, 1000-1008,

Adaji, E.E.; Ekezie, W.; Clifford, M.; Phalkey, R. Understanding the effect of indoor air pollution on pneumonia in
children under 5 in low- and middle-income countries: A systematic review of evidence. Environ. Sci. Pollut. Res.
Int. 2019, 26, 3208-3225, .

Skalny AV, Rink L, Ajsuvakova OP, Aschner M, Gritsenko VA, Alekseenko SI, Svistunov AA, Petrakis D, Spandidos
DA, Aaseth |, Tsatsakis A, Tinkov AA. Zinc and respiratory tract infections: perspectives for COVID-19 (Review)
Int ] Mol Med. 2020;46:17-26.

Ibraheem RM, Johnson AB, Abdulkarim AA, Biliaminu SA. Serum zinc levels in hospitalized children with acute
lower respiratory infections in the northcentral region of Nigeria. Afr Health Sci 2014; 14:136-142.

Eijkelkamp BA, Morey JR, Neville SL, Tan A, Pederick VG, Cole N, Singh PP, Ong CY, Gonzalez de Vega R, Clases D,
et al. Dietary zinc and the control of Streptococcus pneumoniae infection. PLoS Pathog. 2019;15:e1007957.

Read SA, Obeid S, Ahlenstiel C, Ahlenstiel G. The role of zinc in antiviral immunity. Adv Nutri (Bethesda, Md)
2019;10:696-710

Pa Tamba Ngom, Stephen Howie, Martin O. et al.The Potential Role and Possible Immunological Mechanisms of
Zinc Adjunctive Therapy for severe Pneumonia in Children. The Open Immunology Journal, 2011, 4, 110.

Laghari GS, Hussain Z, Taimur M, Jamil N. Therapeutic Role of Zinc Supplementation in Children Hospitalized
with Pneumonia. Cureus. 2019;11(4):e4475. Published 2019 Apr 16

Agrawal CR. Pneumonia. In: Parthasarathy A (ed.), IAP Textbook of Pediatrics.5th ed. New Delhi: Jaypee
Publishers; 2013. pp489-93.

Leung AK, Hon KL, Leong KF, Sergi CM. Measles: a disease often forgotten but not gone. Hong Kong Med ]. 2018
Oct;24(5):512-520.

1504



International Journal of Science and Research Archive, 2024, 12(02), 1499-1505

Grief SN, Loza JK. Guidelines for the Evaluation and Treatment of Pneumonia. Prim Care. 2018 Sep;45(3):485-
503.

Ashurst JV, Dawson A. StatPearls [Internet]. StatPearls Publishing; Treasure Island (FL): Feb 5, 2021. Klebsiella
Pneumonia.

Sandora TJ, Sectish CT. Community acquired pneumonia. In: Kliegman, Stanton, St Geme, Schor (eds.), Nelson
Textbook of Pediatrics. 19th ed. Philadelphia: Elsevier; 2012. pp1474-9.

Mani CS. Acute Pneumonia and Its Complications. Principles and Practice of Pediatric Infectious Diseases.
2018:238-249.e4.

Zar HJ, Andronikou S, Nicol MP. Advances in the diagnosis of pneumonia in children. Bmj. 2017 Jul 26;358.

Harris M, Clark ], Coote N, Fletcher P, Harnden A, McKean M, Thomson A. on behalf of the British Thoracic Society
Standards of Care Committee. British Thoracic Society guidelines for the management of community acquired
pneumonia in children: update 2011. Thorax 2011; 66:ii1-ii23

Burroughs M, Horga MA, Murrel MT. Respiratory infections. In: Gershon AA, Hotez PJ, Katz SL (eds.), Krugman'’s
Infectious Diseases of Children. 11th ed. Philadelphia: Elsevier; 2004. pp510-24. 23. 23. Kabra SK. Disorders of
respiratory system. In: Paul VK, Bagga A (eds.), Essential Pediatrics. 8th ed. New Delhi: CBS Publishers; 2016.
pp377-80.

Hamm H, Light RW. Parapneumonic effusion and empyema. Eur Respir ] 1997;10:1150-6.
Mizgerd JP: Acute lower respiratory tract infection. N Engl ] Med. 2008, 358: 716-27.
Lazzerini M, Ronfani L: Oral zinc for treating diarrhea in children. Cochrane Database Sys Rev. 2008, 005436-

Aggarwal R, Sentz ], Miller MA: Role of zinc administration in prevention of childhood diarrhea and respiratory
illnesses: a meta-analysis. Pediatrics. 2007, 119: 1120-30.

Shivalingaiah in children M, Ramaraj hospitalized with SM. Serum pneumonia zinc - levels A crosssectional
study. Indian ] Child Health. 2019; 6(10):545-547

Vinayak R, Behal M. Role of zinc as an adjuvant therapy in severe pneumonia-A double blind placebo controlled
randomized clinical trial. Panacea Journal of Medical Sciences. 2015;5(2):61-72.

Fataki MR, Kisenge RR, Sudfeld CR, Aboud S, Okuma ], Mehta §, et al. Effect of zinc supplementation on duration
of hospitalization in Tanzanian children presenting with acute pneumonia. ] Trop Pediatr. 2014;60(2):104-11

Das RR, Singh M, Shafiq N. Short-term therapeutic role of zinc in children < 5 years of age hospitalised for severe
acute lower respiratory tract infection. Paediatr Respir Rev. 2012;13(3):184-91.

Basavraj GV, Nijaguna N, Gembeeran R, Sanjeeva GN. Single dose oral zinc as adjuvant therapy in children
admitted with severe pneumonia: A randomized, placebocontrolled study. Indian J Child Health. 2016;3(1):1822.

Srinivasan, M.G., Ndeezi, G., Mboijana, C.K. et al. Zinc adjunct therapy reduces case fatality in severe childhood
pneumonia: a randomized double blind placebo-controlled trial. BMC Med 10, 14 (2012).

Bansal A, Parmar VR, Basu S. Zinc supplementation in severe acute lower respiratory infection in children: a triple
blind randomized placebo controlled trial. Indian ] Pediatr 2011; 78(1): 33-7.

Bose A, Coles CL, Hemanth J. Efficacy of zinc in the treatment of severe pneumonia in hospitalized children. Am ]
Clin Nutr. 2006; ;83(5):1089-96.

1505



