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INTRODUCTION
Despite new advances in immunization and treatment, pneumonia has been the biggest cause of death in children worldwide for many years. In Viet Nam, UNICEF estimates that the death rate from pneumonia among children under 5 years old alone accounts for 14 per cent.

Micronutrient deficiencies exist in which zinc deficiency is one of the common problems, in which children are at the highest risk of zinc deficiency. Zinc deficiency is associated with an increased incidence of diarrhea and acute respiratory infections.

The role of zinc in the function of the immune system has been very clearly demonstrated, zinc regulates the proliferation, differentiation, maturation and activity of leukocytes, lymphocytes, regulates inflammatory reactions, improves the clearance of the respiratory tract mucosa, improves the integrity of lung epithelial cells during inflammation or lung damage, plays an important role in the treatment of infectious diseases.

Many studies show that zinc deficiency occurs in children with very high pneumonia, especially children with severe pneumonia have a high rate of zinc deficiency (80%).

However, the role of zinc in pneumonia is still controversial and many studies are still ongoing. The World Health Organization (WHO) and the United Nations Children's Fund (UNICEF) also recommend zinc supplementation that can prevent and reduce the incidence of pneumonia, children living in developing countries.

In order to contribute to providing more scientific evidence, the topic "Zinc micronutrient deficiency, some related factors and the effectiveness of zinc supplementation in children aged 2-36 months with pneumonia at Xanh Pôn General Hospital (2017-2021)" is implemented with the following two objectives:

OBJECTIVES

1. Describe zinc micronutrient deficiency and some related factors in children aged 2-36 months with pneumonia at Xanh Pôn General Hospital, 2017-2019.

2. Evaluate the effectiveness of zinc micronutrient supplementation in supporting the treatment of children aged 2-36 months with pneumonia at Xanh Pôn General Hospital.

Necessity of the thesis

Some studies in the world and in Vietnam show that the rate of zinc deficiency in children with pneumonia is very high, but these studies have not made a clear recommendation on zinc supplementation in the treatment of children's pneumonia and no studies in Vietnam have implemented zinc supplements on a full and separate group of pneumonia children. Focusing only on antibiotic treatment in pneumonia without paying attention to nutritional treatment, especially zinc nutrition, is not only dangerous to the patient's life and recovery, but can also cause unwanted complications if the child lacks zinc is not given enough attention.

The addition of zinc to children shows safety, convenience orally as well as the ability to maintain prolonged treatment makes it easy for clinicians to include in the treatment regimen, helping to improve the nutritional status of zinc, supporting in the treatment of pneumonia for pediatric patients.

New contributions of the thesis

A systematic study identified zinc micronutrient deficiency and several related factors and the efficacy of zinc supplementation in pediatric patients aged 2-36 months with pneumonia.

As one of the few studies in Vietnam that addresses zinc deficiency in children with pneumonia, one of the initial works conducted in Hanoi, Vietnam applies zinc supplements in the treatment of pneumonia in children to support treatment, improves the condition of the disease.

Thesis layout

The thesis has 104 pages, including sections: questioning (2 pages), overview (22 pages), research subjects and methods (19 pages), results (26 pages), discussion (31 pages), conclusions (2 pages), recommendations (1 page). The thesis has 36 tables, 02 figures, 08 charts, 158 references (English and Vietnamese).

Chappter 1: OVERVIEW
1.1. Overview of zinc and its role
1.1.1. Brief introduction to zinc
Zinc is considered a versatile trace element, due to its ability to bind to more than 300 enzymes and more than 2000 transcription factors, which increases protein synthesis, cell division, promotes growth. Zinc deficiency is observed almost in 17% of the global population and affects many organ systems, leading to dysfunction of both humoral and cell-mediated immunity, thereby increasing susceptibility to infection.

1.1.2. The role of zinc in the immune system
The role of zinc in regulating the immune system and inflammation

Zinc is directly antiviral, inhibiting the penetration of pathogens into cells and their intracellular multiplication. Zinc deficiency leads to serious disorders of the number and activity of immune cells, which can lead to increased susceptibility to infection and the development of special inflammatory diseases. The inflammatory response exacerbated by zinc deficiency is associated with Th2 lymphocytes and is associated with loss of GATA-3, IL-4, and anti-inflammatory M2 macrophages. It is important that zinc supplements or IL-4 injections can reverse the effects of zinc deficiency on immune function.

Zinc is reduced in the acute phase reaction due to the mobilization and isolation of zinc to metallothionein. For populations of children with zinc deficiency, prolonged severe infection will further deplete zinc and reduce resistance to infection. Zinc supplements have been widely taken and are recommended in the clinical treatment of many diseases such as the common cold, diarrhea, autoimmune diseases such as type 1 diabetes and rheumatoid arthritis, transplant rejection, etc.

The role of zinc in the pathogenesis of respiratory infections

Zinc is considered a potential supportive treatment in the treatment of pneumonia. Patients with pneumonia have been found to have lower blood zinc levels than uninfected children, and nutritional supplements in treatment have shown a better likelihood of disease progression than the group not supplemented. It is the signs of zinc deficiency in children with pneumonia that provide the rationale for prophylactic zinc supplementation.

Zinc helps reduce susceptibility to acute lower respiratory tract infections by modulating various immune functions, including protecting the integrity of respiratory epithelial cells during inflammation. This microelement is very effective in relieving edema and obstruction of the respiratory tract, which is the basis of antioxidant protection in acute systemic inflammatory reaction syndrome. Zinc is necessary for the respiratory epithelium due to antioxidant and anti-inflammatory activity, which enhances the function of the respiratory epithelial barrier.

Zinc deficiency can enhance the release of inflammatory factors such as TNF-α, IL-6, IL-7, IL-8, neutrophils, and C-reactive protein (CRP), which can then combine with the pathogen's inflammatory response and aggravate lung damage. It should also be noted that zinc deficiency is associated with inflammatory alterations of the pulmonary extracellular substrate leading to fibrosis due to reduced neutrophil penetration and MPO-mediated oxidative damage.
1.1.3. Zinc and bacterial infections
Pneumococcal infection (Streptococcus pneumoniae) is considered the most common cause of pneumonia. Zinc deficiency is associated with reduced phagocytic cell-killing activity in pneumococcal infections. In turn, zinc supplementation improved the association between pneumococcal transport through the nasopharynx and acute lower respiratory tract infections in children. Correspondingly, patients with a better immune response to the pneumococcal polysaccharide vaccine were characterized by significantly higher serum zinc levels. Zinc can also inhibit pneumococcal growth through interference with homeostasis and manganese deficiency in the cytoplasm.

1.1.4. Zinc and viral infections

Zinc has been shown to have a significant impact on viral infections by regulating the entry of viral particles, fusion, replication, viral protein fluids, and additional release to a number of viruses including those associated with respiratory system pathology, in particular, the amount of total zinc in the blood is significantly lower in children with RSV pneumonia. Compounds of zinc have been shown to inhibit the multiplication of RSV and the formation of plaque. In addition, zinc has also been shown to increase the production of interferon α (IFNα) by leukocytes and enhance its antiviral activity in rhinovirus-infected cells.

1.2. Overview of children's pneumonia
1.2.1. Epidemiology of pediatric pneumonia
The disease occurs mainly in children under 5 years of age, especially in the group of children under 1 year old. The younger the child's disease, the more severe it tends to be. Vietnam ranks 15th in the world with about 2 million cases of pneumonia. The death rate from pneumonia in Vietnam is always at the forefront of respiratory diseases, in which the proportion of pneumonia children under 1 year old accounts for 73%.

1.2.2. Causes of pneumonia
Bacteria, viruses, parasites, chemicals…
There are many favorable factors that cause children's pneumonia:

Children under 1 year of age: The majority of hospitalized pneumonia cases are children under 1 year old.

Children with a history of diseases such as: premature birth, congenital heart, pulmonary dysplasia

Poorly nourished babies, SDD, lack of breast milk, low birth weight.

Zinc deficiency: zinc supplementation reduces the incidence of pneumonia by up to 41%.

1.2.3. Treatment of pneumonia

*Principles of treatment: anti-respiratory failure, anti-infective, nutritional care.

* Supportive therapy: symptomatic therapy, fluid resuscitation, electrolytes and correction of acid-alkaline balance

* Therapeutic nutrition: is an integral part of the treatment of diseases. Special attention should be paid to micronutrients, especially zinc deficiency in children with pneumonia.

1.2.4. Zinc deficiency in pneumonia children

Many studies have shown that pneumonia children have low serum zinc levels, this condition is even more serious in children with severe pneumonia and pneumonia with complications such as respiratory failure and mechanical ventilation. Serum zinc levels have both diagnostic value and prognostic value. This is the basis as a premise for zinc supplementation in the treatment of children's pneumonia.

Some studies on zinc in pneumonia children

Multiple human trials have shown conflicting evidence that zinc supplementation improves outcomes in pneumonia patients. In some cases, zinc supplementation shortens the duration of viral infections and improves outcomes in children with lower respiratory tract infections but not in all cases.

A comparative cross-sectional study conducted over a 12-month period on children aged two months to 14 years with pneumonia in Nigeria found that low serum micronutrients, particularly zinc, were associated with the incidence and severity of pneumonia in children.

In 2020, author Khera D evaluated the effectiveness of supplementing with 20 mg of zinc sulfate for 2 weeks in 465 healthy children aged 6 months to 5 years in reducing the incidence of acute respiratory infections. The follow-up, which was initiated 15 days after the start of zinc supplementation within 6 months, reported a 43.65% reduction in zinc deficiency and a 48% reduction in upper respiratory tract infections, a 68% reduction in pneumonia episodes.

As such, a short-term course of zinc supplementation may reduce the burden of pneumonia in children. From there as a premise for zinc supplementation in the treatment of pneumonia. Subsequent interventions on zinc supplementation in the treatment of pneumonia have been conducted in many countries around the world. However, contrary findings in previous studies have called into question subsequent studies. For example, a randomized controlled double-blind study was conducted in the Paediatrics department of a hospital in New Delhi, India on 50 children aged 2 to 60 months, author Nair BT et al. said zinc supplementation in children with pneumonia did not improve the clinical presentation of the disease. While in another study of 212 children with pneumonia, comparing recovery time in two groups (n=121 zinc group and n=91, placebo group) using a Cox ratio hazard regression model, showed the opposite results and showed that zinc may improve clinical symptoms. However, the author did not measure the children's blood zinc levels before or after the intervention. Therefore, it may raise the question of whether this inconsistency may be related to serum zinc deficiency in this study.

In a recent 2018 randomized trial in Gambia on infants aged 2-59 months with pneumonia, zinc was shown to reduce respiratory distress levels in a group of children treated with 10 mg of zinc sulfate per day for 7 days.

A randomized, double-blind, placebo-controlled trial conducted in 2019 on hospitalized children with pneumonia, who received 15 mg of zinc randomized, showed that zinc supplementation enhanced pneumonia treatment outcomes by reducing treatment time and normalizing blood oxygen levels, body temperature. The author also said serum zinc levels were very low in this group of children.

Later trials fully evaluated the level of zinc in the blood before and after the intervention, subclinical tests, and assessed the cause of pneumonia to be able to help clarify the differences in outcomes between studies. A first 2016 meta-study extracted data from 2926 children under the age of 5 in randomized trials. The results showed the failure of zinc supplementation to reduce recovery time after severe pneumonia (p=0.58), hospital stay (p=0.74), and treatment failure (p=0.58). This meta-analysis was limited by the significant heterogeneity of the studies and the lack of subgroup analysis.

A meta-study of six randomized trials involving 2216 patients with qualified severe pneumonia found that zinc as a micronutrient supporting the treatment of severe pneumonia demonstrated a significant reduction in mortality from severe pneumonia (RR=0.43, p=0.01). But the authors said there was no significant improvement in treatment failure (RR = 0.97, p = 0.71) or changes in antibiotic therapy (RR = 1.09, p = 0.52).

In Vietnam, many studies assessing zinc deficiency in children have been carried out. However, studies on zinc deficiency in clinical settings are scant. Some studies on zinc status in pneumonia children are small and have not evaluated zinc supplementation as a therapeutic aid for this group of children.

Author Tran Tri Binh assessed zinc status in pneumonia children aged 2 to 28 months and said the incidence of zinc deficiency in pneumonia children was up to 65.9%, with an inverse correlation between serum zinc levels and the number of days of pneumonia treatment. Children with high serum zinc levels had a low number of treatment days and vice versa (p<0.001). Children with zinc deficiency are 2 times more likely to develop pneumonia than those without zinc deficiency. However, the author did not take zinc supplements in the treatment of pneumonia in this group of children.

Author Giang Cong Vinh conducted a controlled clinical intervention study supplemented with 20 mg of zinc / day on 180 children in 2 respiratory and gastroenterology departments of Thai Binh Children's Hospital, said that the rate of zinc deficiency of the respiratory patient group was 76.9%. This rate was even higher (80.4%) in the group of patients with severe pneumonia. However, the authors also said that the hospital stay of the respiratory ward group was reduced than in the zinc supplementation group, but was not statistically significant with p> 0.05. The authors provided additional interventions on subjects with general respiratory diseases (including pneumonia, bronchiolitis, bronchial asthma, etc.) and gastrointestinal, not focusing on pneumonia children. 

Chapter 2
RESEARCH SUBJECTS AND METHODS
2.1. Subjects of study 

Selection criteria: Children diagnosed with pneumonia aged 2-36 months, treated at the Department of Pediatric Respiratory Medicine, Xanh Pôn General Hospital.

Diagnostic criteria for pneumonia ( WHO 2013 and BYT 2014):

Pneumonia: cough, fever accompanied by at least one of the signs of tachypnea, chest retraction, auscultation of the lungs with abnormal sounds: small moist ral, bronchial rattle, exploding, focal hyperventilation.

Severe pneumonia: severe pneumonia is diagnosed when the child has signs of pneumonia accompanied by at least one of the severe systemic signs (skipping or not drinking, perceptual disturbances, seizures), or signs of severe respiratory failure (groaning, very severe chest retraction, cyanosis or SpO2 < 90%).

* Exclusion criteria:

- Pneumonia secondary to other bacterial infections.

- Patients with other comorbidities: birth defects, cardiovascular diseases, secretion, congenital metabolism ...
- Patients who have taken zinc or zinc-containing products before.

2.2. Time and place of study 

* Time: from 01/2017 to 12/2021.

* Location: Department of Respiratory Pediatrics, Xanh Pôn General Hospital

2.3. Research methods
2.3.1. Research design: including 02 studies:
Cross-sectional descriptive study: describes the serum zinc levels of pediatric patients at the time of admission and some of the factors involved throughout the period of treatment for pneumonia.

Controlled clinical intervention study: pediatric patients are divided into 02 groups (intervention group and control group) to evaluate the effectiveness of zinc micronutrient supplementation along with the pneumonia treatment regimen of the Ministry of Health.

2.3.2. Research sample size

* Objective 1: Survey zinc deficiency in children aged 2-36 months with pneumonia at the Respiratory Department of Xanh Pôn General Hospital.
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 For children with zinc-deficient pneumonia p = 0.695, Z = 1.96 (95% confidence, α = 0.05). So n = 345. In fact, the team collected 394 patients.

* Objective 2: Evaluate the efficacy of zinc supplementation in the treatment of pneumonia in the group of pneumonia children aged 2-36 months.
	n = Z2 ((,β) 
	p1 (1-p1) + p2(1-p2)

	
	(p1 – p2)2


With 95% confidence, with p1 as the outcome of pneumonia treatment in the study group at 89.2%, p2 as the treatment result of pneumonia in the control group, we estimate it to be 99%. So n = 112 BN per group. We actually collected 244 patients.

2.3.3. Sample selection and research grouping

- Sample selection for goal 1: successive selection of pediatric patients in the Department of Pediatric Respiratory Medicine aged 2-36 months who are diagnosed with pneumonia, meeting the research criteria until the sample size is sufficient.

- Sample selection for goal 2: on the basis of the list of qualified BN subjects selected for the study in goal 1 will be given a random code thanks to the random number table generated by the random function and the rank function in the exel software, divided into intervention group and control group.

+ Group 1 (Intervention Group): are children who are eligible to participate in the study to receive zinc along with the pneumonia treatment regimen of the Ministry of Health during the treatment period.

+ Group 2 (Control Group): are children eligible to participate in the study to receive the pneumonia treatment regimen of the Ministry of Health.

2.3.4. Describe the steps to conduct the intervention

2.3.4.1. Implementation of intervention activities

Control group:

All children selected for the study were monitored and treated according to BYT's pneumonia regimen for the duration of their hospital stay. Record research variables and indicators into the study medical record.

Intervention group:

- The product used in the intervention is Zinc gluconate
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	Package size: 110 ml bottle

Main active ingredient: Each 5ml of syrup contains 8mg of Zinc gluconate.
	For all ages.

	VD-21199-14 dated 12/08/2014


Drug dispensing: Medicines are stored in the pharmacy on duty. All children in the intervention group were given 20 mg of zinc by the nurse at the start of treatment and the next daily morning during treatment

2.3.5. Content and research variables

* General information: age, gender, weight, living area.

* Several factors are associated with zinc deficiency in pneumonia children: age group, gender, history of pneumonia, history of premature birth, degree of pneumonia, SHH, SDD.

* Group of information about pneumonia and disease progression:

Classification of the degree of pneumonia: Pneumonia and severe pneumonia.

Classification of degrees of respiratory failure: Respiratory failure of grade I, grade II, grade III

Duration of cough: is the period of time a child has symptoms of cough during hospitalization.

Duration of fever: Duration of fever is the time when a child presents with fever during treatment in the hospital. The cessation of fever is defined as the first time the temperature drops to normal in two measurements 12 hours apart and there is no fever after that.

Clinical recovery period: defined as the period starting from hospitalization to onset for 48 consecutive hours with signs of symptom remission: decreased cough, decreased fever and thinning, better eating... and reduce or completely eliminate signs of danger and good progression of other sub-criteria such as: breathing, chest retraction, SPO2, sputum discharge, better eating ... and there was no aggravation after that.

Inflammatory response: decrease or increase, which is determined to increase or decrease in the presence of an increased or decreasing transformation of one of 3 significant laboratory indicators: CRP, leukocytes, neutrophils.

Aggravation: defined as aggravation with the appearance of new signs of danger or hypoxia or worsening of the patient's clinical condition at any time after initiation of treatment: rapidly worsening respiratory failure, SpO2 drop, possible fever, increased cough, shortness of breath...

Complicated pneumonia: complications appear during treatment such as heart failure, sepsis...

* Group of indicators assessing treatment results: cure, aggravation, death

* Group of laboratory indicators: Zinc, leukocyte stain and neutrophils, Red blood cells, Hb, quantitative CRP and microbiological testing

2.3.6. Data processing: Data analyzed using SPSS 20.0 software

2.3.8. Research ethics: we thoroughly adhere to the pneumonia treatment regimen of BYT Vietnam. Zinc supplements according to who-recommended dosages. Patients in the control group after the end of treatment are supplemented with zinc 2 weeks after discharge from the hospital.

Chapter 3
RESEARCH RESULTS

The study was conducted on 394 cases of pneumonia aged 2-36 months at the Department of Respiratory Pediatrics, Xanh Pôn General Hospital, showing the following results:

3.1. Zinc deficiency and some related factors

3.1.1. General characteristics of the study sample: The 2-6 month age group accounted for the highest proportion (58.4%), followed by the 7-12 month age group (21.3%), the 25-36 month age group accounted for the lowest proportion (6.9%). There was no gender difference in age groups with p>0.05.

3.1.2. Zinc deficiency and some related factors
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Figure 3.1. Prevalence of zinc deficiency in study subjects
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Figure 3.2. Zinc deficiency rate according to the degree of pneumonia
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Figure 3.3. Zinc deficiency according to the degree of respiratory failure
Table 3.1. Association between zinc deficiency and some other factors
	Variables
	Index
	OR (95% CI)

	Pneumonia
	Pneumonia
	1
	1,21
(0,50 – 2,91)

	
	Severe pneumonia
	2
	

	SDD stunting
	No SDD
	1
	1.96

(0,59 –3,55)

	
	Have SDD
	2
	

	Gender
	South
	1
	0,81
(0,50 – 2,91)

	
	Female
	2
	

	Age
	2- 6 months old
	1
	0,5
(0,31 – 0,84)

	
	Other age groups
	2
	

	History of preterm labor
	≥ 37 weeks
	1
	1,52
(0,89 – 2,58)

	
	< 37 weeks
	2
	

	History of pneumonia
	First-time pneumonia
	1
	1.93

(0,56 – 6,74)

	
	≥ 1 previous hospitalization
	2
	


3.2. Effectiveness of zinc supplements in the treatment of pneumonia
3.2.1. Patient distribution in two study groups
The age group distribution and sex differed between the two study groups with p>0.05.

3.2.2. Efficacy of zinc supplements in the treatment of pneumonia

Table 3.2. Therapeutic effect to serum zinc deficiency
	Index
	Control group
	Intervention Team
	p*

	
	n
	%
	n
	%
	

	There is no shortage of zinc
	49
	77,8
	20
	27
	0,000

	Zinc deficiency
	14
	22,2
	54
	73
	

	ARR% (95%CI)
	50,8(36,3-65,2)

	NNT(95%CI)
	1.7 (1.4-2.3)


* chi2 test
Comment: After using the intervention product, 77.8% of children in the control group had zinc deficiency at the beginning of the study to eliminate zinc deficiency upon discharge from the hospital, this figure in group can intervention was 27%. The absolute decrease was 50.8%. The results of the study also showed that for every intervention product when starting to treat pneumonia in 2 children, 1 child with zinc deficiency was reduced upon discharge from the hospital (NNT = 1.7).

Table 3.3. Therapeutic effect on the inflammatory response
	Inflammatory response
	Control group
	Intervention group
	p *

	
	n (52)
	%
	n (65)
	%
	

	No
	41
	78.9
	61
	93.9
	0.016

	yes
	11
	31.2
	4
	6.2
	

	ARR% (95%CI)
	15 ( 2.5-27.5 )

	NNT(95%CI)
	(- )


* chi2 test
Comment: after using zinc products together with the pneumonia treatment regimen, 78.9 % of children in the control group reduced and stopped their inflammatory response after treatment, this number in the intervention group was 93.9 % with p < 0.05.

Table 3.4. The effectiveness of the intervention method on average fever duration
	Index

 
	Intervention group
	Control group
	p

	
	n
	p50(p25;p75)
	n
	p50(p25;p75)
	 

	Average duration of fever

(hour)
	122
	24 (12 ; 36)
	122
	28 (20 ; 45)
	0.008


p (group): Wilcoxon ranksum test

Comment: the average duration of fever of patients in the group intervention was 24 (12; 36) hours, lower than in the control group was 28 (20; 45) hours , with p<0.05

Table 3.5. The effectiveness of the intervention method on worsening developments

	Progress is getting worse
	Control group
	Intervention group
	p *

	
	n (122)
	%
	n (122)
	%
	

	No
	91
	74.6
	105
	86.1
	0.024

	yes
	thirty first
	25.4
	17
	13.9 _
	

	ARR% (95%CI)
	11.5 (1.5 – 21.3 )

	NNT(95%CI)
	8.7 ( 4.7 - 67.9 )


* chi2 test
Comments : after using zinc products together with the pneumonia treatment regimen, 25.4 % of children got worse during treatment in the control group, this number in the intervention group was 13, 9 with p < 0.05.

Table 3.6. The effectiveness of the intervention method on clinical recovery time
	Index


	Intervention group
	Control group
	p*

	
	n
	p50(p25;p75)
	n
	p50(p25;p75)
	

	Time

clinical recovery (hours)
	122
	69 (48,97,6)
	122
	89 (65.99)
	0.003


*p (group): Wilcoxon ranksum test

Comment: The time to clinical recovery of the intervention group was 69 (48,97 , 6) hours, much lower than that of the control group (89 (65,99) hours with p<0.05.

Table 3.7. The effectiveness of the intervention method to the time of treatment
	Treatment time

(day)


	Intervention group
	Control group
	p*

	
	n
	p50(p25;p7)
	n
	p50(p25;p7)
	

	Treatment time
medium
	122
	8 (7;11)
	122
	10 (7;13)
	0.001


*p (group): Wilcoxon ranksum test
Comment : The average treatment time of the intervention group was 8 (7,11) days, shorter than in the control group (10 (7,13)) days with p<0.0 1 .

Chapter 4: DISCUSSION

4.1. Zinc deficiency and some related factors

4.1.1 General characteristics of the research sample:

The age group from 2-12 months accounted for the highest percentage (58.4%), the age group from 25-36 months old accounted for the lowest rate (6.9%), there was no difference between men and women with p>0 ,05. Pneumonia is mainly seen in children under 1 year old, an age when the respiratory system as well as the immune system are still maturing, children easily catch pneumonia and pneumonia in young children is also more contagious than adults.

4.1.2 Zinc deficiency and some related factors in children with pneumonia

Regarding the rate of zinc deficiency in the study subjects : the zinc deficiency of children with pneumonia accounted for 57.6%, children with pneumonia without zinc deficiency accounted for a lower proportion (42.4%) with p < 0.05.

Tran Tri Binh studied at the Central Children's Hospital on 217 children with pneumonia also showed that the zinc deficiency rate was 65.9%. The low serum zinc levels identified in acute respiratory infections may be due to interleukin-mediated and tumor necrosis factor-alpha (TNF-α) as part of a set of metabolic reactions associated with infection. This is called an acute phase reaction. However, these reactions are usually observed at a moderate level, zinc deficiency is mainly distributed in moderate and mild degrees, more acute in nature. This situation is even more serious for children with severe infections.

About the rate of zinc deficiency according to the degree of pneumonia

Research results show that in the group of children with zinc deficiency, severe VP is significantly higher than in the group without zinc deficiency. Tran Tri Binh also showed that children with very severe pneumonia had a higher rate of zinc deficiency than children with pneumonia or severe pneumonia (p<0.01). All children with severely reduced zinc levels were classified as very severe pneumonia. Thus, children with severe pneumonia are at higher risk of zinc deficiency. This suggests that zinc supplementation in the treatment of pneumonia, especially severe pneumonia, may be therapeutically beneficial.

The rate of zinc deficiency according to the degree of respiratory failure

The group of children with zinc deficiency had a very high rate of children with SHH on admission. The difference is statistically significant with p < 0.05. Zinc deficiency is closely associated with respiratory failure in children with pneumonia. Research has shown that low zinc not only helps to predict the severity of the disease, but also suggests that zinc supplementation supports good improvement of respiratory failure in children with pneumonia.

About the relationship between zinc deficiency and some other factors

Research results show that zinc deficiency severe pneumonia is 1.21 times higher than children with pneumonia. Children with stunting malnutrition have a zinc deficiency rate 1.96 times higher than children without malnutrition, the difference is statistically significant. Zinc deficiency was not associated with age or sex. The result also shows that children with zinc deficiency are found in infants born less than 37 weeks prematurely, 1.52 times more than those born over 37 weeks, zinc-deficient children have a history of pneumonia 1.93 times higher than children without zinc deficiency. difference is statistically significant.

The above results show that premature babies, low birth weight, stunted malnutrition are risk factors for zinc deficiency. It is very important to take care of the baby right from the fetal stage.

4.2. Effect of zinc supplementation in the treatment of pneumonia

4.2.1. General characteristics of patients in the two study groups before the intervention

The distribution of age group, sex, serum zinc status and degree of pneumonia did not differ between the two study groups with p>0.05.

4.2.2. Efficacy of zinc supplementation in the treatment of pneumonia

Effect of PP on serum zinc concentration

The change in serum zinc concentration after the intervention of the intervention group was 2.6±3.2 µmol/l, statistically significantly higher (p=0.000) than the change of the control group (0, 2±2.9µmol/l).

Rerksuppaphol S also showed that the mean serum zinc concentration in the group with zinc supplementation was significantly higher than that in the control group (113.5±29.9 mg/dL and 89.4±21.5 mg/dL; p; <0.001). Many studies have shown that zinc plays an important role in maintaining the integrity of the immune system and respiratory cells during anti-inflammatory and mucosal repair. Thus, zinc deficiency can exacerbate inflammation and cellular damage of the airways, and zinc supplementation in children can reduce inflammation, reduce airway obstruction, and shorten the duration of tachypnea and hypoxia. Short-term zinc supplementation also increases zinc levels, which can be understood that zinc supplementation in the treatment of pneumonia has contributed to positively improving the treatment outcome of pneumonia in children.

Effect of treatment on serum zinc deficiency

The result shows that for every treatment with an intervention product at the beginning of pneumonia treatment in 2 children, there is a reduction in 1 child with zinc deficiency at discharge (NNT=1,7). Author Murillo JA also reported that the prevalence of zinc deficiency decreased after zinc supplementation, from baseline zinc levels (63–110 mcg/mL) (23±1.8 vs 21±1, respectively). 9, p = 0.34) and after treatment (33±4 vs 29±2.8, p=0.45). Increased zinc consumption during infection is one of the reasons for the worsening of zinc deficiency. This trace element's anti-infective involvement may reduce zinc levels and may decrease further during an acute, severe infection. It can be seen that zinc intervention during the treatment period, although short, also helped restore zinc deficiency quickly, helping to provide the immune system with an optimal zinc-balanced environment to function. Therefore, together with antibiotics, an adequate supply of zinc can treat zinc deficiency, thereby helping to recover from pneumonia in a positive and faster way.

Therapeutic effect on inflammatory response

The result shows that after using zinc products together with the pneumonia treatment regimen, 79.3% of children in the intervention group reduced and stopped their inflammatory response when they were discharged from hospital, this number in the control group was 93 ,8%. The difference was statistically significant with p < 0.05.

The study results showed that when assessing inflammation alone by CRP index, no difference was found. However, when assessing inflammation by one of three significant indicators: CRP, white blood cell, neutrophil... we found the significance of zinc supplementation on inflammation. It can be seen that zinc intervention can reduce the body's inflammatory response, thereby helping to restore inflammation earlier. The anti-inflammatory and antioxidant effects of zinc are important for improving the condition of patients with pneumonia and slowing disease progression, which has implications in the practice of treating pneumonia. Besides local, systemic inflammation, as observed in sepsis, zinc acts in a way that reduces the inflammatory response, due to cellular uptake of zinc by ZIP14. In order for pneumonia treatment solutions to be effective and sustainable, it is necessary to have active participation from many sides, especially the participation of zinc nutrition treatment.

Effect of zinc intervention on duration of symptom improvement:

The results showed that the group of children supplemented with zinc in the study had a significantly shorter time to improve symptoms of pneumonia, such as fever, compared to the control group.

Rerksuppaphol S showed significantly shortened duration of fever compared with controls: (10 (4-27.0 hours) vs 1.6 (17.0-72.0 hours) with p<0.001. , author Hanaa I performed a retrospective study at Cairo University Children's Hospital, Egypt on 40 infants aged 3–144 months, hospitalized with a diagnosis of pneumonia. The lower the level, the more severe the respiratory failure, the lower the child with high serum zinc concentration, the lower the requirement for respiratory support (oxygen, mechanical ventilation) with p<0.001.

Efficacy of intervention methods on disease progression

The result shows that after using zinc products together with the pneumonia treatment regimen, 25.4% of children in the control group got worse during treatment, this number was 13.9% in the control group. intervention group. The difference was statistically significant with         p < 0.05.

Clinical manifestations of worsening condition during treatment of pneumonia include: clinical respiratory failure appearing again or new, accompanied by new, rapidly spreading lesions on film Taking lungs. Clinical signs such as rapid breathing, signs of exertion such as respiratory muscle contraction, chest indrawing and manifestations of hypoxemia SpO2 decreased rapidly, blood gas with PaO2 decreased. Patients need to intervene with other therapeutic measures to support treatment such as oxygen breathing, changing antibiotics, respiratory physiotherapy, ...

Zinc deficiency can exacerbate inflammation and cellular damage of the airways, and zinc supplementation in children can reduce inflammation, reduce airway obstruction, and shorten the duration of tachypnea and hypoxia. . Furthermore, zinc deficiency affects antibody-mediated responses to infection, as determined by avoiding colonization and phagocytosis of enveloped bacteria. Thus, it can be understood that increasing zinc concentration in the treatment of pneumonia contributes to positive improvement in the clinical outcome of pneumonia in children, avoiding the worsening of the patient during treatment.

Effect of intervention on clinical recovery time

The average clinical recovery time of the intervention group was 69 (48,97,6) hours, shorter than in the control group (89 (65,99)) hours), the difference was statistically significant with p< 0.05.

The study has drawn the conclusion that zinc supplementation supports the recovery of pneumonia symptoms: the average fever duration of patients in the intervention group is lower than in the control group, the difference is statistically significant with p<0.05. Univariate analysis of the relationship between serum zinc levels showed that children with zinc deficiency were 1.21 times more likely to develop severe and very severe pneumonia than the group without zinc deficiency. The result also shows that children with zinc deficiency are 1.93 times more likely to develop pneumonia than children without zinc deficiency. Regarding the effectiveness of preventing aggravation of patients during the course of pneumonia treatment, we found that children receiving zinc intervention had a statistically significant lower rate of severe disease compared with the group of patients who did not. zinc supplementation. Thus, for children with pneumonia, zinc has the ability to speed up the recovery process because zinc can control edema and obstruction in the airways. The addition of zinc in the treatment of pneumonia is an effective and simple measure, helping to make the treatment progress more favorable.

Effect of zinc intervention on the duration of pneumonia treatment

The mean duration of treatment in the intervention group was significantly shorter than in the control group, with p<0.05. Our results are similar to those of other authors: Abhiram I showed 7 days earlier recovery time in the zinc intervention group. Similarly, Laghari GS reported a significantly shorter mean hospital stay in the zinc-supplemented group compared with the non-zinc supplement group (p=0.01). Thus, in addition to the goal of reducing the mortality rate of pneumonia, reducing the duration of treatment is also an important goal in the treatment of pneumonia patients. Research has shown the effectiveness of zinc supplementation in the treatment of pneumonia, helping to accelerate the recovery process, reduce the time and cost of treatment. Many studies also show the benefits of zinc to support disease treatment, in addition to restoring the inflammatory response and reducing the duration of the disease, reducing severe complications as well as the duration of pneumonia treatment. Recommendations for zinc supplementation in the treatment of pneumonia should be given not only in prevention but also in treatment.

CONCLUDE

1. Situation of zinc deficiency and some factors related to pneumonia in children aged 2-36 months:

- The average serum zinc concentration of children with pneumonia from 2-36 months is 10.4 ± 2.5 µmol/l.

- 57.6% of children with pneumonia have zinc deficiency.

- Levels of mild zinc deficiency, moderate deficiency and severe deficiency are 23.1%, respectively; 33.2%; and 1.3%.

- Zinc deficiency did not differ between age groups and gender.

- Lower serum zinc concentration in pneumonia cases with risk factors such as undernutrition, low birth weight, anemia and preterm birth less than 37 weeks.

- There is a relationship between serum zinc concentration and the degree of pneumonia: Severe pneumonia has low serum zinc concentration.

- There is a relationship between serum zinc concentration and the degree of respiratory failure. The lower the zinc concentration, the more severe the respiratory failure.

2. Efficacy of zinc supplementation in the treatment of pediatric pneumonia:

- Zinc supplementation rapidly improves symptoms of pneumonia: the time of fever and clinical recovery time after the intervention were significantly reduced compared with the control group with statistical significance.

Zinc supplementation is beneficial in reducing the incidence of complicated pneumonia

- Zinc supplementation helps to shorten the treatment time for pneumonia: an average reduction of 02 days of treatment with p<0.05 has statistical significance.

- Zinc supplementation did not change the nutritional status of the child, did not change the regimen of changing antibiotics and was not significant in improving anemia.

RECOMMENDATIONS
Research has shown that the proportion of pneumonia children has a high rate of zinc deficiency, so clinicians need to pay attention to zinc deficiency in pneumonia children, especially pneumonia children who are at risk of premature birth, malnutrition and severe pneumonia. 

During the treatment of pneumonia, in addition to the usual treatment regimen, it is necessary to pay attention to zinc supplementation for children early and prolonged throughout the treatment of the disease. 

Additional guidelines for zinc supplementation should be added to the pneumonia treatment regimen for clinical practice facility.

Research and evaluation of the model should be carried out on a larger scale, with a greater number of patients, more diversity, and post-treatment follow-up.
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