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ABSTRACT

BACKGROUND: Acute gastroenteritis is one of the most important causes of
childhood mortality and morbidity. The annual death rate in the world due to diarrhea
in under-five children is 1.5-2.5 million. Deaths due to diarrhea in India is estimated
at about 3.4lakh per year. In the year 1992, WHO and UNICEF recommended the use
of zinc along with ORS for the treatment of diarrhea. Zinc is a ubiquitous trace
element essential for mucosal integrity, skeletal growth and gut immunity and
absorption of sodium and water. Zinc is absorbed in the small intestine; zinc
absorption is inhibited by dietary fiber and phytates present in cereals and legumes. A
balanced diet is essential to maintain normal zinc levels. Zinc also plays a role with
protease and polymerase as a cofactor and helps in many cellular functions like
wound healing and intestinal epithelial cell regeneration

In developing countries, the incidence of children suffering from acute gastroenteritis
is worsening due to illiteracy, malnutrition and infection. Zinc losses increase
significantly during an episode of diarrhea in infants and are associated with negative
zinc balance. There is a mutual dependence seen between diarrhea and zinc

deficiency. As zinc deficiency causes diarrhea, diarrhea leads to zinc deficiency.

OBJECTIVES:

1. To determine serum zinc levels in a patient having acute gastroenteritis attending
to tertiary care hospital.

2. To correlate the serum zinc levels with severity of diarrhea, nutritional status in

children having acute gastroenteritis.
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MATERIAL AND METHODS:
Conducted a cross-sectional study in the Pediatrics deapartment at Sri Devaraj Urs
Medical College, Tamaka, Kolar for a period of one year from January 2019 to

December 2019.

RESULTS: In total we have recruited 120 children. Age distribution of the study
participants was 6 months to 60 months. Around 17.5% of the study population had
severe dehydration. The mean serum zinc level identified was 9.71 =+
3.88umole/L.Statistically significant weak negative correlationwas observed
betweenthe level of dehydration and serum zinc levels. The trend of decrease in the
levels of mean serum zinc with an increase in the severity of dehydration was
statistically significant. The mean “serum zinc level” was higher at 11.47 micro
mole/L in no dehydration group compared to severe dehydration with 88 + 2.65 micro
mole/L. The negative correlation betweenthe degree of malnutrition and “serum zinc

level” was weak and was statistically significant.

CONCLUSION: The present study estimated the association between the serum zinc

level, severity of diarrhea and dehydration status.

Xl




ABBREVATIONS

GLOSSARY

ABBREVIATIONS

CBC

Complete blood count

CRP

C-reactive protein

DNA

Deoxyribonucleic acid

EIA

Enzyme immunosorbent assay

HC

Head circumference

HFA

High functioning autism

MUAC

Mid-upper arm circumference

MUAC/HC

Mid-upper arm circumference/ head circumference

RNA

Ribonucleic acid

WFA

Water footprint assessment

WFH

Weight for height

WHO

World health organization
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INTRODUCTION

One of the major cause of pediatric morbidity and mortality around the world is acute
gastroenteritis.' Acute gastroenteritis is a clinical syndrome often defined by an
increase in the frequency of stool (>3 loose /watery stool in 24 hours or number of
loose /watery bowel movements that exceed the child usual number of daily bowel

movements by two or more) with or without fever, vomiting or abdominal pain.?

The most common causes of acute gastroenteritis are infectious agents such as
viruses, bacteria and parasites. Rotavirus species are responsible for around 70 to 80%
of infectious diarrhea cases. Another 10 to 20 percent of cases are caused by the
various bacterial pathogens, and parasitic organisms such as Giardia species accounts
for less than 10 percent of cases.” Increased stool frequency with alteration of stool

consistency is the hallmark of acute gastroenteritis.

In gastroenteritis,diarrhea is one of the important risk factor.’The occurrence of
diarrhea is high among the children in low and middle-income countries due to child
malnutrition, low socioeconomic status and low education of mothers, lack of safe

drinking water, inadequate sanitation, poor hygiene, crowding and low maternal age.’

Sudden onset of loose/watery stool with or without vomiting, abdominal pain/cramps,
mild fever and recent contact with someone with diarrhea or vomiting are the clinical

.. . .. 4
features indicative for acute gastroenteritis.



In developed countries, the main cause of morbidity was identified as acute
gastroenteritis.” The risk of morbidity and mortality associated with acute
gastroenteritis in children is high in developing countries. In acute diarrheapatient’s
death was caused mainly by the excessive fluid and electrolyte losses which may

leads to dehydration and acidosis.

In developing countries, malnutrition, reduced growth and impaired cognitive
development are the direct outcomes of gastroenteritis in children.The occurance and

severity of diarrhoea and other infection can be increased by malnutrition.

Malnutrition is defined as an acute, subacute or chronic state of nutrition, in which
varying degrees of overnutrition or undernutrition with or without inflammatory
activity have led to a change in body composition and diminished function.’While
changing the diarrhea from minor to severe,Children may suffer with loss of appetite,

food restriction and malabsorption syndrome are the basic reason for malnutrition.’

There is an association identified between zinc deficiency, diarrhea and malnutrition
usually in the malnourished children. It can also cause further depletion of zinc.®Zinc
level can be compromised by frequent episodes of acute diarrhoea. It is due to the
increased faecal zinc losesepisode of diarrhoea episode and can also lead to a
“negative” zinc balance. Zinc stores are limited; therefore, it can be rapidly depleted

by acute intestinal illness.’



In a North Central Nigeria study®, the zinc deficiency (serum zinc levels < 65 pg/dl)
was identified in the most of the children with diarrhea as compared to those without
diarrhea. Thereby, it indicates that the mean level of serum zinc differ among the

bacteria isolated.

In the year 2016, a study’, was done in 80 children admitted in a pediatric hospital in
which the serum zinc level was negatively correlated with the severity of dehydration
and duration of hospitalization. A case-control studylo,was carried out in Iran,
between July 2012 and January 2013 in which the mean “serum zinc levels” were

higher in the patients with acute bloody diarrhea as compared to the control group.

A dose of 10-20 mg zinc/d (dependent on age) for 10-14 d is recommended by
“WHO/UNICEF” injoint Statement on Clinical Management of Acute Diarrhea to
reduce the duration of diarrhea, its severity and also for the prevention of subsequent
episodes.'’ Studies conducted in both the developing and developed countries showed
a potential effect of zinc in decreasing the rate of complications and mortality

. . . 12,13
associated with diarrhea.



NEED OF THE STUDY:

Despite great advances in the management of diarrheal diseases, persistent diarrhoea
remains a major problem due to its syndromic nature in developing countries. Zinc
depletion is one of the major factors that contribute to the detrimental effects of
persistent diarrhoea on the human body. There is an association identified between
zinc deficiency, increased incidence, severity and duration of childhood diarrhoea.
Worldwide, acute diarrhoea is associated with morbidity and mortality in children.
Zinc has been studied extensively recently for its potential effect on prevention,
control and treatment of acute diarrhoea. Its deficiency is associated with an increased
risk of gastrointestinal infections, adverse effects on the structure and function of the
gastrointestinal tract, and impaired immune function. The routine treatment plan to
all children with diarrhea is to supplement zinc as per WHO protocol, without
knowing exact zinc status, therefore this study is undertaken to estimate serum zinc
level andseverity of diarrhea . It is valuable in detecting subtle deterioration in clinical

condition leading to earlier intervention and reduced morbidity and mortality.



AIMS AND OBJECTIVES

To determine serum zinc levels in a patient having acute gastroenteritis

attending to tertiary care hospital.

To correlate the serum zinc levels with severity of diarrhea, nutritional status

in children having acute gastroenteritis.



REVIEW OF LITERATURE
1. Gastroenteritis in children (2 PAGES) —

a) Definition,

“Gastroenteritis” is the inflammation of gastrointestinal tract exemplified in
combination with abdominal pain, cramping, nausea, vomiting, diarrhea and
dehydration. Gastroenteritis can be acute or chronic gastroenteritis.® Chronic

gastroenteritis is the most common cause of childhood mortality.3

b) Epidemiology- global, India,

In children under 5 years, acute gastroenteritis accounts 3-5 billion cases and nearly 2
million deaths each year worldwide."* Around 87% of the “acute gastroenteritis” is
caused by a virus in the developed countries. Globally, 40% of the cases of diarrhea
are caused by rotavirus in infants. In Asia, Rotavirus account around 145,000 deaths
each year with the maximum numbers in India, Pakistan and Indonesia. In Pakistan, 1
in 40 infants experiences a severe episode of rotavirus gastroenteritis per
year.’Gastroenteritis affects 3 to 5 billion children worldwide each year. It accounts
for around 1.5 to 2.5 million deaths per year or 12% of all deaths among children less

than 5 years of age.15

c) Types of gastroenteritis:

Gastroenteritis can be classified as acute, persistent, chronic or recurrent.'¢
e Acute: Itlasts 14 days or fewer than 14 days in duration.
e Persistent: It occurs for more than 14 but fewer than 30 days in duration.
e Chronic: It occurs for more than 30 days in duration.

e Recurrent: Diarrhea that recurs after 7 days without diarrhea.'”’



2. Acute gastroenteritis in children
a) Definition
The AAP defines acute gastroenteritis as diarrheal disease of rapid onset, with or
without accompanying symptoms or signs such as nausea, vomiting, fever or

abdominal pain.”

b) Clinical Presentation
Sudden onset of loose/watery stool with or without vomiting, abdominal pain/cramps,
mild fever and recent contact with someone with diarrhoea or vomiting are the
clinical features indicative for acute gastroenteritis.*Viral gastroenteritis typically
presents with the short prodrome, along with a mild fever and vomiting, followed by

1-4 days of nonbloody, watery diarrhea.

c) Causes, Risk Factors and Pathogenesis
Increased stool frequency with alteration of stool consistency is the hallmark of acute
gastroenteritis. Viruses, bacteria and parasites are the main causative agents of “acute
gastroenteritis”. In the developed world, rotavirus species, are responsible for around
70 to 80% of infectious diarrhea cases. Another 10 to 20 percent of cases are caused
by the various bacterial pathogens, and parasitic organisms such as Giardia species

accounts for less than 10 percent of cases.’

Diarrhea is the common risk factor for gastroenteritis.’Attendance at day care centers
and impoverished living conditions with poor sanitation are the other actors that

increase the risk of acute gastroenteritis in children.” The occurrence of diarrhea is



high among the children in low and middle-income countries due to child
malnutrition, low socioeconomic status and less educated mothers , lack of clean

water for drinking, poor hygiene, crowding and low maternal age.3

The primary cause of bacterial gastroenteritis is the Campylobacter jejuni in the
developed world. Poultry is associated with the majority of these cases. Around 15%
of cases in children are caused by bacteria. Salmonella, Shigella, Escherichia coli, and
Campylobacter are the most common types of agents. When the food gets
contaminated with bacteria and remains at room temperature for several hours, the

bacteria can multiply and increase the risk of infection in those who eat the food.

One of the important causes of diarrhoea is the toxigenic Clostridium difficile. It
commonly occurs in the elderly population. Whereas, it occurs in infants without
developing symptoms. The risk of infections can be increased by acid-suppressing
medication. The risk is greater with proton-pump inhibitors as compared to histamine-

2 antagonists. Giardia lamblia is the most common protozoa that cause gastroenteritis.

Faecaloral transmission of contaminated food and water and the airborne route is the
mode of spread from person to person. The maldigestion of carbohydrates and their
accumulation in the intestinal lumen (in the absence of lactase) are induced by the
rotavirus infection. Malabsorption of nutrients along with the concomitant inhibition
of water reabsorption can lead to a malabsorption component of diarrhoea. A
calcium-dependent chloride secretory mechanism is caused by the rotavirus secretion
called as an “enterotoxin”, NSP4.The infected epithelial cells can release the rotavirus

without destroying them. Diarrhoea can be initiated by the viral attachment and entry



into the epithelial cell without cell death.Numerous cytokines and chemokines are

secreted and synthesized by the epithelial cells. They can direct the host immune

response and can also regulate cell morphology and function.'®

Table 1: Causes of acute gastroenteritis in children.**

Viruses (~70%)

Rotaviruses

Noroviruses (Norwalk-like viruses)
Enteric adenoviruses

Caliciviruses

Astroviruses

Enteroviruses

Bacteria (10-20%)

Campylobacter jejuni
Non-typhoid Salmonella spp
Enteropathogenic Escherichia coli
Shigella spp

Yersinia enterocolitica

Shiga toxin-producing E coli
Salmonella typhi and S paratyphi
Vibrio cholerae

Cryptosporidium

Protozoa (<10%) e Giardia lamblia
e Entamoeba histolytica
Helminths e Strongyloidesstercoralis

d) Diagnosis, Microbiological profile — main focus with culture and

sensitivity

Stool studies for occult blood, white blood cell count and microscopy for protozoa,

Clostridium difficile toxin, Giardia lamblia by enzyme immunoassay or bacterial

culture are performed if any bacterial or protozoal infection suspected. Serum

electrolytes, urea, creatinine, amylase and complete blood count, and conducting

abdominal imaging studies can be used to evaluate the patients with low-grade fever,

nausea, vomiting, abdominal pain and extreme dehydration.




Stool studies and culture

Inflammatory diarrhoea is indicated by the presence of blood or leukocytes in the
stool. Wright stain or methylene blue is used to perform the stool studies. Faecal
leukocytes are identified in 80-90% of patients with Salmonella or Shigella infections.
Whereas, they are less common in the other infecting organisms’ cases, such as
Campylobacter and Yersinia.

A stool culture is not preferred until unless an unusual bacterial cause is suspected.
Immunocompromised, immunosuppressed patients and those who have recently
travelled to remote locations or developing nations are preferred for stool culture. The
indications for the stool culture include fever, bloody stools, leukocytes in the stool,
pain that resembles with appendicitis (Yersinia), and diarrhoeal illness associated with

partially cooked hamburgers.

Bloody stools, stools that test positive for occult blood or leukocytes, prolonged
diarrhoea that has not been treated with antibiotics, an immunocompromised host, or
for epidemiological purposes, such as cases involving food handlers are the specific
indications for stool cultures. Campylobacter, Shigella, Salmonella, Aeromonas, and
Yersinia species can be identified by routine stool cultures. The diagnosis of rotavirus
infection can be performed by rapid antigen testing of the stool, either by EIA (> 98%
sensitivity and specificity) or latex agglutination tests (less sensitive and specific in

comparison to EIA). '®
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e) Complications, morbidity, mortality
In developed countries, acute gastroenteritis is one of the important causes of
morbidity 2 The risk of morbidity and mortality associated with acute gastroenteritis

in children is high in developing countries

The following are the complications associated with acute gastroenteritis **

e Dechydration

e Metabolic acidosis

e Electrolyte disturbance (hypernatremia, hyponatremia, hypokalemia)

e (Carbohydrate (lactose, glucose) intolerance

e Susceptibility to reinfection

e Development of food (cow's milk, soy protein) intolerance

e Haemolyticuraemic syndrome

e Jatrogenic complications (due to inappropriate composition or amount of

intravenous fluids)

e Death
The cause of death in acute diarrhea is electrolyte losses and excessive fluid leads to
17 dehydration and acidosis. In developing countries, malnutrition, reduced growth
and impaired cognitive development are the direct outcomes of gastroenteritis in
children. The occurrence of severity of diarrhea and other infections can be increased
by malnutrition. The changing of diarrhea from minor to severe, and children suffer
from loss of appetite, food restriction and malabsorption syndrome are the basic reason for

malnutrition.3

11



3. Association between malnutrition and acute gastroenteritis in children

Define malnutrition

Malnutrition is defined as an acute, subacute or chronic state of nutrition, in which

varying degrees of overnutrition or undernutrition with or without inflammatory

activity have led to a change in body composition and diminished function.’

Classification:

Table 2: Historical malnutrition classification schemes: anthropometry.*

Classification Variable Grade Definition
Mild (grade I) 75%-90% WFA
. o Moderate (grade
Gomez Median WFA (%) 1 60%-74% WFA
Severe (grade II) <60 WFA
Mild 80% - 89%WFH
Waterlow Median WFH (%) Moderate 70%-79% WFH
(wasting)
Severe <70% WFH
Mild 90%-94% HFA
Waterlow Median HFA (%) Moderate 85%-90%HFA
(stunting)
Severe <85%HFA
WHO WFH (Z scores Moderate Z score bet_v3veen -2 and
(wasting) betwe.e n
WFH Medain score) Severe Z score < -3
WHO HFA (Z scores Moderate Z score bet_\;/een -2 and
(stunting) between
WFH Medain score) Severe Z score < -3
Mild <0.31
Kanwati and
MUAC/HC Moderate <0.28
McLaren
Severe <0.25

12




Pathogenesis of acute gastroenteritis in malnutrition:

Infection can adversely affect the nutritional status in children through the decrease in
dietary intake and intestinal absorption, increased catabolism and sequestration of
nutrients that are required for tissue synthesis and growth. On the other hand, Due to
the negative impact on barrier protection afforded by the skin and mucous membranes
and by inducing alterations in host immune function, the malnutrition can predispose

to infection.

Figure 1: Relationship between nutrition and diarrhoea.?

Relationship between nutrition and infection

. . Infecti .
Decreased dietary intake fection Impaired

immune function

Malabsorption

Catabolism,
nutrient disposal
Impaired barrier

protection

Malnutrition

Nutrient sequestration
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4. Role of zinc in acute gastroenteritis in children (5SPAGES)
Zinc - functions, pharmacokinetics, adverse effects
Zinc, micronutrient which is essential for human health. It acts as a catalyst for more
than 300 enzymes. It plays a major role in role in the DNA and RNA synthesis and
degradation, protein synthesis, cell-mediated immunity, cell growth and
differentiation and gene expression. Inadequate intake or absorption, increased

. . . . . 21
excretion or increased daily needs can lead to zinc deficiency.

Pharmacokinetics of zinc:

Absorption:

The molecular weight of elemental zinc sulfate and zinc sulfate are 287.5 and 65.37.
Crude zinc sulfate is also called as white Vitriol. Each gram of zinc sulfate represents
3.5 millimoles of Zn. It is insoluble in alcohol whereas, its solubility is 1 in 0.6 ml of
water. Only 20 to 30% of the zinc and its salts are absorbed from the gastrointestinal
tract, duodenum and ileum. Re-absorption of the endogenous zinc takes place in the

ileum and colon, thereby creating enterohepatic circulation.

Distribution:

zinc is bound to protein metallothionein in the intestines after the absorption. It is
widely distributed throughout the body. RBCs, WBCs, muscles, bones, Skin,
Kidneys, Liver, Pancreas, retina, and prostate, are the primary sites of storage. The
extent of binding to plasma albumin is 60 - 70% whereas, 30 - 40% to alpha 2
macroglobulins or transferring and 1% to amino acids like histidine and cysteine.

Peak plasma concentration reaches by around two hours.

14



Elimination:

Around 90%of the zinc is excreted through feces. Kidney plays a small role in
regulating the body Zn content; therefore, traces of zinc are also found in the urine.*
Growth retardation, delayed puberty, erectile dysfunction, diarrhea, alopecia, glossitis,
nail dystrophy, hypogonadism (in males), decreased immunity are the symptoms of
zinc deficiency. The adverse effects caused by the zinc supplementation are its
metallic taste, nausea, vomiting, abdominal cramping, diarrhea, suppressed immunity,
reduced levels of high-density lipoprotein cholesterol, decreased copper stores,
urinary tract infection, nephrolithiasis. The diseases associated with the zinc
deficiency are the crohn disease, celiac disease, chronic alcoholism, cirrhosis, sickle
cell disease, acrodermatitis enteropathica.”

Normal zinc levels:

Table 3: Estimated physiological requirements for the absorbed zinc by age

group and sex.?

WHO FNB IZINCG
Variables .
age References | Requiremen | Variables age Rr?;‘z;e Requirement | References | Requiremen
wt. (kg) t (mg/day) (mg/day) wt. (kg) t (mg/day)
wt. (kg)

6-12 mo 9 0.84 6-12 mo 9 0.84 9 0.84
1-3 year 12 0.83 1-3 year 13 0.74 12 0.53
3-6 year 17 0.97 4-8 year 22 1.20 21 0.83
6-10 year 25 1.12 - - - - -
10-12 year 35 1.40 8-13 year 40 2.12 38 1.53
12-15 year 48 1.82 - - - - -
15-18-year

M 64 1.97 14-18-year M 64 3.37 64 2.52
15-18-year F 55 1.54 14-18-year F 57 3.02 56 1.98
Pregnancy - 2.27 Pregnancy* - 4.1-5.0 - 2.68
Lactation - 2.89 Lactation* - 3.8-4.5 - 2.98

* Different stages of pregnancy/lactation. WHO= World Health Organization;

FNB=Food and Nutrition Board; IZINCG=International Zinc Nutrition Consultative

Group
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Abnormal levels and reasons:

The reference range of serum zinc is 10.7 - 22.9umol/L (70-150 pg/dl). The zinc
deficiency is indicated by a concentration of below 7 pmol/L (46pg/dl). The optimal
range of plasma zinc is 13.8 - 22.9umol/L (90-150ug/dl).When the concentrations of
plasma zinc drop below 9.9umol/L (65 pg/dl), the clinical signs of zinc deficiency
began to occur. Values of less than of “Sumol/L (33 pg/dl)” are associated with loss
of the “senses” of taste and smell, abdominal pain, diarrhoea, skin rash and loss of
appetite.

Table 4: Possible conditions suggested by serum zinc levels and

countermeasures.?*

Serum zinc . -
level (g/dl) Possible conditions
300-700 Acute intoxication
Intoxication or secondary elevation due to excessive intake or
160-299 o
hemodialysis
84-159 Normal range
Zinc deficiency
60-83 Physiological fluctuation
Variation caused by drugs
Below 59 Deficiency
Definite deficiency (acrodermatitis enteropathica, Zinc replacement
Below 30 ) _
prolonged high-calorie parenteral therapy)

Levels in children with diarrhoea without malnutrition:

Ahmed TM et al®, in their study of 50 children,mean level of serum zinc in children
with malnutrition was 54.48+18.91 ug/dl whereas, it was 72.72+8.21 ug/dl in healthy
children. Afolabi O et al®, conducted a study in 200 participants in which the mean

level of serm zinc children with diarrhoea and in controls was identified with 65.3 +
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7.4 pg/dl and 69.0 + 6.5 ng/dl respectively. Zinc deficiency (serum zinc levels < 65
ug/dl) was identified in 47% of patients while in controls with 32%. Conclusion of the
study was mean serum zinc levels differ among the bacteria isolated. Mahyar A et
al'’, conducted a case-control study in 60 children in which 74.1 + 23.7 pg/dL, 169.4
+ 62.7 pg/dL and 190.1 £ 18.0 pg/dL were the mean level of serum in patients with

acute bloody diarrhoea, acute watery diarrhoea and the control group.

Correlation between zinc levels and severity of diarrhoea in children

Correlation between zinc levels and severity of diarrhoea in general:

Zinc , essential trace element that is required for normal intestinal mucosal integrity,
immune function and sodium and water transport.”® Zinc deficiency is identified in
30% of the world’s population.”’Studies conducted in both the developing and
developed countries showed a potential effect of zinc in decreasing the rate of
complications and mortality associated with diarrhea.'> "

Zinc level can be compromised by frequent episodes of acute diarrhoea. It is due to
the increased faecal zinc loses in the episode of diarrhoea and can also lead to a
negative zinc balance. Zinc stores are limited; therefore, it can be rapidly depleted by
acute intestinal illness.” The risk of zinc deficiency can be increased with a high
prevalence of diarrheal episodes.*®

Eskander AE et al.’” conducted a study in 80 children in which zinc level was
negatively correlated with the severity of the disease measured by VSS. A dose of10—
20 mg zinc/d (dependent on age) for 10-14 d is recommended by WHO/UNICEF

Joint Statement on Clinical Management of Acute Diarrhea for the reduction of

diarrheal duration and its severity also for the prevention of subsequent episodes.''
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Association between zinc levels and diarrhoea severity in malnourished children:
In developing countries, the predominant host factor associated with diarrhea is the
presence of malnutrition. There is an association identified between zinc deficiency,
diarrhea and malnutrition usually in the malnourished children. It can also cause
further depletion of zinc.® Malnutrition can increase the severity and duration of
diarrhea.**”"!

Zinc is essential for the controlled growth of the intestinal mucosa.’” The transport of
water and electrolytes across the intestinal mucosa can be improved with zinc
supplementation.Castillo-Duran et al **, concluded in his study that the daily losses of

zinc in the intestinal fluid during acute diarrhea were as high as 159 pg/kg/day as

compared with 47 pg in control children.

The risk of developing zinc depletion with an episode of diarrhoea is high in children
with marginal nutritional status. The duration and frequency of acute dehydrating
diarrhea can be reduced by the supplementation of zinc in malnourished children who
have a pre-existing zinc deficiency.® Zinc supplementation can improve the immunity
in children, thereby can reduce the severity of diarrhoea by limiting growth and

multiplication of diarrheal pathogens in the intestine.** >

Abolurin OO et al.*°, conducted a comparative cross-sectional studyin 500 children.
The study purpose was to compare the prevalence of zinc deficiency in children with
acute diarrhoea. The study results revealed that 78.8 + 35.6 pug/dl and 107.3 + 46.8
pg/dl were the serum zinc level in children with diarrhoea and without diarrhoea. The
mean levels of serum zinc was low in diarrhoea patientsthan the controls. The

prevalence of zinc deficiency among the patients was 30.4% whereas 12.4% in
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controls. There was an association identified between the low social class and higher
prevalence of zinc deficiency in children with diarrhoea. This study concluded that

routine zinc supplementation should be practiced in the management of diarrhoea.

Afolabi O et al.®, conducted a study in 200 participants. Thestudy purpose was to
compare the prevalence of bacterial etiology in children with acute diarrhoea and also
to compare their serum zinc levels. Bacteria were isolated in 73.0% patients whereas,
6.0% in  controls. EscherichiacoliKlebsiella spp., Proteus spp.and Pseudomonas
aeruginosa were isolated with 39%, 28%, 4% and 2% respectively. Whereas E.
coli and Klebsiella spp. were identified with 4% and 2% in controls. The “mean
serum zinc level” in patients and in controls was identified with 65.3 + 7.4 pg/dl and
69.0 £ 6.5 ug/dl, respectively. Zinc deficiency (serum zinc levels < 65 pg/dl) was
identified in 47% of patients while in controls with 32%. This study concluded that

the “mean serum zinc levels” differ among the bacteria isolated.

Afolabi OF, et al’’, performed a comparative cross-sectional in 200 participants. The
study purpose o was to identify the prevalence of viral etiology and to compare the
mean levels serum zinc in children with acute diarrhea. The prevalence of viruses was
identified in 62.0% of patients. Rotavirus, adenovirus and norovirus were detected
with 30%, 21% and 11% respectively. The only virus detected in controls was
rotavirus with 2%. The mean value of serum zinc level in the patients and controls
were 65.3 + 7.4 pg/dl and 69.0 £ 6.5nug/dl, respectively. The prevalence of zinc
deficiency in the patients and in controls were 47% and 32%. This study concluded

that the mean serum zinc levels differ significantly among the viruses isolated.
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Bitarakwate E et al®®, conducted a cross-sectional descriptive study.The study
purpose was to identify the serum zinc status in children with persistent diarrhoea.
The study results revealed that 5.83mol/l and 8.99mol/l were the “mean serum zinc
level” in children with persistent diarrhoea and children without diarrhoea. The serum
zinc concentration was low among the children with persistent diarrhoea as compared
to the children without diarrhoea. The prevalence of zinc deficiency was 47.9% in
children with persistent diarrhoea. There was an association identified between
hypoproteinemia and hypoproteinemia in children with persistent diarrhoea. This
study concluded that the prevalence of zinc deficiency and malnutrition are high in

children with persistent diarrhoea.

Dutta P et a139, performed a double-blind, randomized, placebo-controlled trial in167
subjects. The study aimed to compare the clinical efficacy of supplementation of
zine, zinc plus vitamin A, and zinc plus a combination of micronutrients and vitamins
in children with on acute diarrhea. There was a significant reduction identified in the
outcome variables in all the supplemented groups as compared with the placebo
group. The lowest reduction of outcome variables was identified in group 3 (zinc plus
a combination of micronutrients and vitamins) while group 2 (zinc plus vitamin A)
was observed with the speedy recovery. This study concluded the clinical benefit of

zinc in children with diarrhea.

El-HawaryM et al*, conducted a study in 160 children. The objective of the study
was to evaluate the role of zinc as a risk factor in the development of acute diarrhea in
children. Statistically significant difference was not identified in the mean serum zinc

level among cases and controls. Hemoglobin level and TLC were statistically
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significant difference between cases and controls. Amebiasis was identified in the
controls and cases with37.5% and 54.4% respectively. Mean levels of serum zinc
was significantly associated with the low serum sodium level. The study concluded

the influence of zinc in children with acute diarrhoea.

Eskander Aet al’, performed a study in 80 children. The purpose of the study was to
correlate the level of zinc with the severity of pediatric diarrhoea estimated by
Vesikari Scoring System. The study results revealed that 56.2% had zinc deficiency.
Serum zinc level was negatively correlated with the severity of dehydration and
duration of hospitalization. Zinc therapy should be considered in children with

diarrhoea.

Fathima M et al*', conducted an observational study in 70 children.This study aimed
to determine the zinc status and its relation in children with diarrhoea. The prevalence
of zinc deficiency was higher in children belonging to 3-4 years age group. The study
results revealed that 49% of the children were belonged to the age group of less than
one year. Around 67% of the children were from the upper-lower socioeconomic
class, and 62.42+23 mg/dL. was their mean serum zinc level. This study concluded

that 60% of the children with diarrhoea are identified with deficiency of zinc.

Gunes H et al**, performed a study in 88 patients. The study objective was to identify
the serum zinc status in children. The study results revealed that the serum mean
levels of serumZn and Ca were lower in the case group as compared to controls. This
study concluded that measurements of serum zinc levels should be performed in

children.
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Habibi R, et al*, conducted a cross-sectional study in 160 children. The purpose of
the study was to determine the baseline serum zinc level of children with
gastroenteritis. The history of zinc use was identified in 53.8% of participants,
whereas 46.2% had no history of zinc use. Normal zinc level was identified in 65% of
the samples in the gastroenteritis group. The study concluded that the serum zinc
level should be measured before the administration of zinc in children with

gastroenteritis.

Mahyar A et al'’, conducted a case-control study in 60 children. The study aimed to
compare serum zinc levels in children with and without acute diarrhoea. The study
results revealed that 74.1 + 23.7 pg/dL, 169.4 = 62.7 ug/dL and 190.1 £ 18.0 pg/dL
were the mean serum zinc levels in the patients with acute bloody diarrhoea, acute
watery diarrhoea and the control group. Hypozincemia in children with acute bloody
diarrhoea and in those with acute watery diarrhoea was observed with 50% and 12.5%
respectively. This study concluded that serum Zn levels are decreased in children

with acute bloody diarrhoea.

Patel A et al*, conducted a meta-analysis study.The purpose of the study was to
determine the therapeutic benefits of zinc supplementation in the treatment of acute or
persistent diarrhea in children. The study results revealed that there was significant
unexplained heterogeneity across the studies for the effect of Zn supplementation in
reducing the diarrheal outcomes. The mean duration of diarrhea can be reduced by
19.7% with zinc supplementation. There was no effect on stool frequency or stool

output with zinc supplementation and also increased the risk of vomiting. This study
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concluded the influence of zinc supplementation for the prevention and treatment of

childhood diarrhea.

RerksuppapholS et al*’, performed a cross-sectional study in 50 children. The purpose
of the study was to evaluate the serum zinc levels in children admitted with acute
diarrhoea. The study results revealed that 24.0 hours was the median duration of
diarrhoeabefore admission, and it was 4 times high than the frequency of diarrhoeal
episodes in the next 24 hours. Zinc deficiency was identified in 44% of the children,
and 69.2+18.5pg/dL was the mean serum zinc concentration at admission. This study

concluded a high prevalence of low zinc levels in children with acute diarrhoea.

Sezer RG et al*, performed a case control study in 203 children. The aim of the study
was to determine the zinc deficiency in acute gastroenteritis. Disease type showed a
statistically significant relationship with plasma zinc level. Zinc-deficient children
were identified with a higher odds ratio for acute gastroenteritis. There was an
association identified between low zinc levels and lower weight measurements. This

study confirmed the deficiency of zinc in acute gastroenteritis

Taghavi-Ardakani A, et al’, conducted a cross-sectional study of 105 children. The
aim of the study was the determination of the“serum zinc level” in children with
diarrhea. The study findingsshowed that 48.6% were male, and the majority of them
were aged more than 12 months. The mean value of “serum zinc level” and diarrhea
duration more than 3 days were lower in the hospitalized children. The “mean serum
zinc level” was lower in children with FTT. The study concluded the role of “serum

zinc” in children with diarrhoea.
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LACUNAE OF LITERATURE:

Globally, acute diarrhoea is associated with morbidity and mortality are high in
under-five children with conflicting reports regarding the therapeutic benefit of zinc
across the different causative pathogens. Existing literature suggested that the
“micronutrient zinc” plays a pivotal role in childhood diarrhea. However, there are
inconsistent reports of its therapeutic benefit across the various causative
enteropathogens. There are not many studies about serum zinc levels in children
suffering from acute gastroenteritis in India. There was significant unexplained
heterogeneity across the studies for the effect of zinc supplementation in reducing
important diarrhea outcomes. The role of zinc in the pathogenesis of diarrhoeais

controversial.
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MATERIALS AND METHOD

Study site: This study was conducted in the Department of Pediatrics at Sri Devaraj
Urs Medical College, Tamaka, Kolar
Study population: Children aged between 3months to 60months attending to RLJH,
a tertiary care center for treatment of acute gastroenteritis were considered as the
study population.
Study design: The current study was a cross-sectional study
Sample size: Sample size is estimated based on serum zinc level and its correlation
in acute pediatric diarrhea. Keeping prevalence of 56.2% absolute error of 10%,
confidence interval of 95%, precision at 5%, the sample size calculated is 95, with
20% drop out rate, sample size comes to 114.°
Sampling method: All the eligible subjects were recruited into the study
consecutively by convenient sampling till the sample size is reached.
Study duration: The data collection for the study was done between January 2019 to
December 2020 for a period of 1 year.
Inclusion Criteria:
Children aged between 3months to 60months attending to RLJH for treatment of
acute gastroenteritis with or without malnutrition.
Exclusion criteria:

1. Patients developed diarrhea after the intake of drugs (drug-induced diarrhea)/

received zinc before attending to hospital.
2. Children having persistent Chronic diarrhea (>14days).
3. Children with lactose intolerance.

4. Children having systemic infections with gastroenteritis (parenteral diarrhea).
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Ethical considerations: Study was approved by the institutional ethics committee.
Informed written consent was obtained from all the parents/guardian of study
participants, and only those participants whose parents/guardian are willing to sign the
informed consent were included in the study. The risks and benefits involved in the
study and the voluntary nature of participation were explained to the parents/guardian
of participants before obtaining consent. Confidentiality of the study participants was
maintained.

Data collection tools: All the relevant parameters were documented in a structured
study proforma.

Methodology:

This study was started after obtaining ethical clearance from the institutional ethical
committee as well as consent from the parents. Children aged between 3months to
60months having acute gastroenteritis attended to RLJH for treatment of acute
gastroenteritis are included in the study. The study period was from January 2019 to
December 2019.Children with a history of diarrhea are examined clinically as per
proforma, and all clinical features were documented. A complete physical
examination was performed, and WHO guidelines were used for the assessment of
dehydration. The degree of dehydration was classified as No dehydration, some
dehydration, and severe dehydration.

Patients were started on treatment as per WHO guidelines, signs of dehydration and
duration of diarrhea were recorded in the proforma and monitored for improvement.
3ml of blood was collected and stored at -20 degree centigrade for serum zinc level.
Zinc levels were estimated using the caloric metric method with spectrophotometer of
the wavelength of 560nm, other routine investigations were CBC, CRP, Serum

electrolytes, and Stool examination will be done.
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Diarrhea was defined as the passage of unusually loose or watery stools, usually at

least three times in a 24hour period. Malnutrition is defined as children whose weight

<2 SD and length/height <2 SD."

Table 5: Assessment of malnutrition.*?

Assessment Weight for Weight for Mid-Arm
Age Height Circumference
Moderate 60-75% 70-80% 11.5-12.5%
Malnutrition
Severe Malnutrition <60% <70% <11.5%
Table 6: Assessment of Dehydration.*
Restlessness, Lethargic,

Condition

Well, Alert

Irritable Unconsciousness

Eyes Normal Shrunken Shrunken
Thirst Drinks Normally, Not | Thirsty, Drink Drinks Poorly, Not Able

S Thirsty Eagerly To Drink
Skin Pinch | Goes Back Quickly Goes Back Goes Back Very Slowly

Slowly
Assessment | No Dehydration Some Severe Dehydration
Y Dehydration Y

STATISTICAL METHODS:

Zinc level was considered as primary outcome variables. Dehydration and

malnutrition were considered as Primary explanatory variable. Age, gender, blood

parameter and serum electrolytes and kidney profile were considered as study relevant

variables

Descriptive analysis was carried out by mean and standard deviation for quantitative

variables, frequency and proportion for categorical variables.Data was also

represented using appropriate diagrams like a bar diagram, pie diagram.
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All Quantitative variables were checked for normal distribution within each category
of an explanatory variable by using visual inspection of histograms and normality Q-
Q plots. Shapiro- wilk test was also conducted to assess normal distribution. Shapiro

wilk test p value of >0.05 was considered as a normal distribution.

For normally distributed Quantitative parameters, the mean values were compared
between study groups using an Independent t-test (2 groups) and ANOVA (>2
groups). Association between quantitative explanatory and outcome variables was
assessed by calculating the Spearman correlation coefficient (r5). Linear regression
analysis was done. Regression coefficient, along with its 95% CI and p values, are

presented.

Categorical outcomes were compared between study groups using Chi square test
/Fisher's Exact test (If the overall sample size was < 20 or if the expected number in

any one of the cells is < 5, Fisher's exact test was used.)

P value < 0.05 was considered statistically significant. IBM SPSS version 22 was

used for statistical analysis.*®
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RESULTS:

120 children included into the final analysis.

Table 7: Distribution of study population according to age group (N=120)

Age Frequency Percentages
6-12 months 42 35.00%
13 months to 36 months 31 25.83%
37 months to 60 months 47 39.17%

Among the study population, 42(35%) of them were aged between 6 to 12 month,
and 31(25.83%) of them were aged between 13 to 36 months, and 47 (39.17%) of

them were aged between 37 to 60 months. (Table 7 and Figure 2)

Figure 2: Bar chart showing the distribution of the study population according to

age group(N=120)

45.00%

40.000 39.17%
10.00%

35.00%
35.00%

30.00% 25 839

25.00%

Percenage

20.00%
15.00%
10.00%
5.00%
0.00%

<12 months 13 months to 36 months 37 months to 60 months

Age in Months

29



Table 8: Distribution of study population according to gender (N=120)

Gender Frequency Percentages
Male 62 51.67%
Female 58 48.33%

Among the study population, 62(51.67%) of the children was male, and 58(48.33%)

of the children were female. (Table 8 and Figure 3)

Figure 3: Pie chart showing the distribution of the study population according to

gender (N=120)
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Table 9: Distribution of study population according to the “grades of

dehydration” in the study population (N=120)

Level of dehydration Frequency Percentage
Severe Dehydration 21 17.5%
Some Dehydration 44 36.7%
No Dehydration 55 45.8%

Among the study population, it was observed that 44 (36.7%) participants had some
dehydration,21(17.5%) participants had severe dehydration, and 55(45.8%) had no

dehydration. (Table 9 and Figure 4)

Figure 4: Bar diagram showing the distribution of study population according to

the grades of dehydration (N=120)
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Table 10: Descriptive analysis of the study population according to malnutrition

status (N=120)

Degree of malnutrition Frequency Percentages
Severe malnutrition(<3SD) 13 10.83%
Moderate malnutrition (<2SD) 6 5.00%
No malnutrition 101 84.17%

Among the study population, 13 (10.83%) participants had severe malnutrition, and

6(5%) participants had moderate malnutrition. (Table 10 and Figure 5)

Figure 5: Pie chart showing descriptive analysis of the study population

according to malnutrition status (N=120)
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Table 11: Descriptive analysis of blood parameter in study population (N=120)

o ) 95% C. |
Parameter Mean £ SD | Minimum | Maximum
Lower | Upper
Hemoglobulin (Gm%) 10.58 +2.18 3.30 15.00 10.19 10.98
Red Blood Cell
) 4.54 +0.63 2.47 5.90 443 4.66
(Mil/Cumm)
Packed Cell Value (%) 31.93+6.15 12.40 47.00 30.82 33.04
White Blood Cell
10.74 £3.95 2.62 24.18 10.03 11.45
(Th/Cumm)
Platelets (Th/Cumm) 353.48 £ 128.67 117.00 753.00 330.22 | 376.73

Among the study population, the mean hemoglobulin (gm) was 10.58 + 2.18; it was

4.54 + 0.63 for red blood cell (mil/cumm), it was 31.93 & 6.15 for packed cell value, it

was 10.74 + 3.95 for white blood cell (th/cumm), it was 353.48 + 128.67 for Platelets

(Th/Cumm). (Table 11)

Table 12: Descriptive analysis of serum electrolytes and kidney profile in study

population (N=120)

95% C.I
Parameter Mean + SD Minimum | Maximum
Lower | Upper
Sodium (Meq/L) 136.37 +£ 6.14 122.00 167.00 135.26 | 137.48
Potassium (Me/L) 4.18£0.86 2.20 6.90 4.02 4.33
Urea (Mg/DI) 30.02 £ 17.97 4.00 62.00 26.77 | 33.27
Creatinine (Mg/DI) 042+0.3 0.10 2.90 0.37 0.48

Among the study population, the mean sodium (meq/L) was 136.37 £ 6.14, it was

4.18 £ 0.86 for potassium (me/l), it was 30.02 £ 17.97 for urea (mg/dl), it was 0.42 +

0.3 for creatinine (Mg/Dl). (Table 12)
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Table 13: Descriptive analysis of CRP in the study population (N=120)

CRP Frequency Percentages
Positive 35 29.17%
Negative 85 70.83%

Among the study population, 35(29.17%) participants had positive CRP, and
85(70.83%) of them had negative CRP. (Table 13 and Figure 6)

Figure 6: Pie chart of CRP in the study population (N=120)

CRP

u Positive u Negative

Table 14: Descriptive analysis of serum zinc (micro moles/l) in the study

population (N=120)

959 C.1
Parameter MgaDn * Minimum | Maximum
Lower | Upper
Serum Zinc (Micro 9.71 £
Moles/L) 388 4.00 20.00 8.99 10.40

Among the study population, the mean serum zinc (micro moles/L) was 9.71 + 3.88

(4 to 20). (Table 14)
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Table 15: Comparison of mean of serum zinc (micro moles/l) between gender

(N=120)
SERUM Zn ]
Gender (micro moles/L) (Meanz SD) Mean difference P value
Male 9.77 £3.54
0.869
Female 9.65+4.24 0.117

Among the study population, they mean zinc value for male was 9.77 = 3.54, and it
was 9.65 + 4.24 for female. The mean difference for zinc value between the gender

was statistically not significant. (P value 0.869). (Table 15 and Figure 7)

Figure 7: Bar graph showing the mean of serum zinc (micro moles/l) between

gender (N=120)
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Table 16: Comparison of mean of serum zinc (micro moles/l) across age group

Age group SERUM ZINC (micro moles/L) (Meanz SD) P value
6-12 months 10.34 +£4.10
13- 36 months 8.42+3.73 0.09
37- 59 months 9.99 + 3.88
(N=120)

Among the study population, the mean zinc value for 6-12 months age group was
10.34 £ 4.10,and it was 8.42 + 3.73 for 13- 36 months. It was 9.99 + 3.88 for 37- 59
months. The mean difference for zinc value across the age group was statistically not

significant. (P value 0.09) (Table 16 and Figure 8)

Figure 8: Bar graph for the mean of serum zinc (micro moles/l) across age in

months (N=120)
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Table 17: Comparison of mean of serum zinc (micro moles/l) across the level of

Level of dehydration SERUM ZINC (micro moles/L) (Mean+ SD) | P value
No dehydration 11.47 £3.81
Some dehydration 8.86 £3.40 <0.001
Severe dehydration 6.88 £2.65

dehydration (N=120)

Among the study population, the mean zinc value for no dehydration was 11.47 +
3.81, and it was “8.42 + 3.73”for some dehydration, it was “9.99 + 3.88” for severe
dehydration. The mean difference for zinc value across the level of dehydration was

statistically significant. (P value <0.001). (Table 17 and Figure 9)

Figure 9: Bar graph for the mean of serum zinc (micro moles/l) across the level

of dehydration (N=120)
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Table 18: Comparison of mean of serum zinc (micro moles/l) across the

malnutrition (N=120)

Degree of Malnutrition Mean P value
Normal 10.07 +£ 3.87
Moderate malnutrition (<2SD) 7.05+3.05 0.051
Severe malnutrition(<3SD) 8.11+£3.62

Among the study population, the children who had severe malnutrition, the mean
serum zinc was 8.11 + 3.62, the children who had moderate malnutrition, the mean
serum zinc was 7.05 = 3.05, the children who had normal, the mean serum zinc was
10.07 + 3.87. The mean difference for “serum zinc” between the degree of
malnutrition was not statistically significant. (P value 0.051). (Table 18 and Figure
10)

Figure 10: Bar graph for serum zinc (micro moles/l) across the malnutrition

(N=120)
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Table 19: Correlation between parameter and serum zinc (micro

moles/l)(N=120)

Parameter Spearman rank correlation (rs) P value
Dehydration Vs serum zinc level -0.467 <0.001
Malnutrition Vs serum zinc level -0.217 0.017

There was a week negative correlation betweendehydration and serum zinc level (s
value: -0.467, P value: <0.001). and there was a week negative correlation
betweenmalnutrition and serum zinc level (rs value: -0.217, P value: 0.017). (Table

19)
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DISCUSSION

Diarrhoea is a major cause of morbidity and mortality in under-5 children in
developing countries. Persistent diarrhea, due to its syndromic nature, is a major
problem encountered in under-5 children, despite the advances made in the treatment
of diarrhoea over the decades. Zinc deficiency is associated with a higher risk of
gastrointestinal infections, adverse effects on the function and structure of the
gastrointestinal tract, and also impairment of the immune function. A dose of 10-20
mg zinc/d (dependent on age) for 10-14 d is recommended by “WHO/UNICEF Joint
Statement on Clinical Management of Acute Diarrheato reduce diarrheal duration
and severity and also for the prevention of subsequent episodes.'' Studies conducted
in both the developing and developed countries showed a potential effect of zinc in
decreasing the rate of complications and mortality associated with diarrhea.'> “There
is an association identified between zinc deficiency, diarrhea and malnutrition usually
in the malnourished children. It can also cause further depletion of zinc.%Zinc level
can be compromised by frequent episodes of acute diarrhoea. Hence the present study
was undertaken to estimate serum zinc level &*“severity of diarrhea” also the duration
of hospitalization. It is essential to detect subtle worsening in the clinical condition of
the child so that early interventions can be taken to reduce morbidity and mortality.
The routine treatment plan to all children with diarrhea is to supplement zinc as per
WHO protocol, without knowing exact zinc status. Therefore, this study was
undertaken to estimate “serum zinc level” and severity of diarrhea and duration of
hospitalization. The results of the study are discussed under the following headings:
1. Baseline socio-demographic variables.
2. Mean serum Zn level in the study subjects.

3. Blood parameters in the study population.
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4. Clinical characteristics of the study subjects.
5. Association between serum Zn levels and socio-demographic characteristics.
6. Association between serum Zn levels and severity of dehydration.

7. Association between serum Zn levels and degree of malnutrition.

BASELINE SOCIO-DEMOGRAPHIC CHARACTERISTICS:

A cross-sectional study was done on 120 children of aged 6 months to 60 months. The
baseline characteristics of our study population were similar to that of Fathima M et al
1 Afolabi O et al.*Talachian E et al.*’Habibi R et al**,and Mahyar A et al.'’Although
most of the studies evaluated the mean zinc levels in diarrhea, there was a subtle
difference in objectives across the studies. Some studies compared mean level of

81099 " or children

serum zinc in children with diarrhea and normal healthy controls
with other diseases.” The design and objectives of the study by RerksuppapholS et
al®, and Fathima M et al*', were almost similar to our study. Fathima M et al¥', in
their study also evaluated the subjects with Acute Respiratory Infection besides
Diarrhoea. The age range of our study population was similar to other studies. In our
study ,the majority (39.17%) of the children were in the age group of 3 to 5 years.
RerksuppapholS et al*’, in their study observed the mean age to be around 25.8 £ 15
months while Fathima M et al*, in their study observed that nearly 50% of the
participants were had diarrhea were aged less than 1year. This difference could be due
to various socio-demographic, cultural and clinical factors affecting the presentation
of the children to the hospital. There was almost an equal distribution of boys and

girls in the present study, similar to other studies.***Hence the baseline characteristics

of our study were comparable to other similar studies.
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Table 20: Comparison of baseline characteristics between various studies:

Author Stu'dy Sample size Age Mean Gender Mgan serum
period (Country) zinc levels
group age (Male)
3-5
. years
Presentstudy | 2010 | 120children 00 139 1704) 9.71 +3.88
to with diarrhoea 51.67%
. months 6-12 pmole/L
2020 (India)
months
(35%)
80 children
o . 55.6%
HabibiRet | g7 | Withacute 11105 i ouding | 86.15 pg/dL
al. gastroenteritis | years
controls)
(Iran)
50 children
2016 with acute 25.8 +
Is{zrtk;;l Epap hol to diarrhoea r6n;[)(;1§1i 15 50% 69.2 pg/dL
' 2017 (Thailand) months
. <70 pg/dL —
Fathima M et .29 chlldren Below 66%
41 2016 | with Diarrhoea - -
al. (India) 5 years 70-120
ug/dL-34%
100 children
Afolabi O et | 2015 | withacute 1, 5o | g7y 18 . 653 +7.4
al.® to diarrhoca months | months 63% pg/dL
’ 2016 (Nigeria)
25 children
with acute 6
Talachian E et infectious months o 102.77 +
al.¥ 2012 diarrhoea to 15 2.4 years 64% 38.3 ng/dL
(Iran) years
48 children
with acute 741 ﬂ/tdi3'7
bloody HE
diarrhoea
M%lyar At 2012 - 12 children 28.8 £
al. 2013 h acut 3 to 60 152
With acute months ' 62% 169.4 + 62.7
watery months JdL
diarrhoea HE
(Iran)
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MEAN SERUM ZINC LEVELS:

To prevent morbidity and mortality among children, Zinc is one of the essential
“micronutrient”. Its deficiency is one of the major causes of diarrhea in children. The
reference range of serum zinc is 10.7 - 22.9umol/L (70-150 pg/dl). The zinc
deficiency is indicated by a concentration of below 7 pmol/L (46pg/dl). The optimal
range of plasma zinc is 13.8 - 22.9umol/L (90—150ug/dl).21 When the concentrations
of plasma zinc drop below 9.9umol/L (65 ug/dl), the clinical signs of zinc deficiency
began to occur. Values of less than of Spmol/L (33 pg/dl) are associated with loss of
the senses of taste and smell, abdominal pain, diarrhoea, skin rash and loss of

appetite.”!

In our study, the mean serum zinc was 9.71 = 3.88umole/L. The mean serum zinc was
63.5 pg/dL in the present study. (1 pmole/L is 6.538 pg/dL). The mean serum levels
in our study was comparable to other studies by RerksuppapholS et al”, - 69.2
ng/dL, Afolabi O et al®, - 65.3 + 7.4ug/dL and Fathima M et al*', — 66% with <70
ug/dL. Some studies have also reported higher values than our study at 86.15 pg/dL
by Habibi R et al **, 102.77 + 38.3 pg/dL by Talachian E et al.* The serum Zinc level
in an individual depends on several factors such as; dietary factors, bio-availability,
the physiological needs and also the losses from the body. In developing countries
like India, mild to moderate zinc deficiency is common due to the prevalent food
habits. The commonly used staple foods in India have low zinc but are rich in
phytates, which inhibit the absorption and utilization of zinc. Afolabi O et al®, in their
study also observed there was comparatively lower serum zinc levels in children with

acute diarrhoea compared to healthy controls. In the present study we did not compare

the levels with controls.Mahyar A et al'’, in their study observed children with acute
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bloodydiarrhoea had significantly low “serum zinc levels” in comparison with healthy
children. This reduction in serum zinc levels in children with diarrhoea compared to
normal children may be related to either the excretion of zinc following acute
diarrhoea or acute phase responses against the infections or a combination of both.
The mean difference for zinc value across the age group was statistically not
significant in the present study.

OTHER BLOOD PARAMETERS IN THE STUDY POPULATION:

In subjects with increased inflammatory markers, there could be decreased absorption
of zinc because of causes that impair intestinal absorption of zinc. High zinc intake
may also compete for absorption with other nutrients such as iron.The mean
hemoglobin was 10.58 + 2.18 g/dL. The mean WBC count and Platelet were within

normal limits. CRP was increased in 29.17% of the subjects.

Table 21: The blood parameters of our study were comparable with that of the

study by Rerksuppaphol S et al.*®

Characteristics Present stud Rerksuppaphol S et Afolabi O et
(Mean + S.D.) y al.” al.®
. 9.71+3.88
Serum Zinc (ug/dL) umoles/L 69.2+18.5
Hb level (g/dL) 10.58 + 2.18 11.9+1.4
Haemotocrit (%) 31.93+6.15 36.3+4
WBC (10° cells/ mm”*) 10.74 + 3.95 122 +4.5
3
Platelet count (10 353.48 + 128.67 373.1 % 110.4
cells/ mm”)
Sodium (meq/L) 136.37 £ 6.14 136 = 3 mmol/L
Potassium (meq/L) 4.18 +£0.86 4 + 6 mmol/L
Urea (mg/dL) 30.02 £17.97
. 0.29 (0.26-0.35)
Creatinine (mg/dL) 0.42+0.3 (Median with
Interquartile range)
CRP positive -
29.17%
Serum CRP (mg/dL) CRP negative - 24.6 +4
70.83%
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ASSOCIATION BETWEEN “SERUM ZINC LEVELS” AND
SOCIODEMOGRAPHIC CHARACTERISTICS:

Bitarakwate E et al’®

, in their study observed age and gender were not significant
factors affecting the serum zinc levels in children. Similarly, in the present study,
there was no significant difference between male and female children with respect to
mean serum zinc levels in the present study. There was also no significant difference
between the mean serum zinc levels across various age groups. It was higher in the 6
to 12-month age group at 10.34 + 4.10 micro moles/L, followed by 9.99 + 3.88 micro
moles/L in 3 to 5-year age group. It was lowest at 8.42 £+ 3.73 micro moles/L in 1 to
3-year age group. The mean of “serum zinc level” was found to be lowest at 62.42
mg/dL in 3-4 years age group in the study by Fathima M et al.*' There were no
significant differences in term of age and sex between the low and normal serum zinc

level groups in the study by Rerksuppaphol S et al.¥

CLINICAL CHARACTERISTICS OF THE STUDY POPULATION:

Sudden onset of loose/watery stool with or without vomiting, abdominal pain/cramps,
mild fever and recent contact with someone with diarrhoea or vomiting are the
clinical features indicative for acute gastroenteritis.® It may present with or without
symptoms of dehydration depending on the water content lost from the body. 45.8%
of the children in the present study had no dehydration. 36.7% had some dehydration,
while only 17.5% had severe dehydration. RerksuppapholS et al*, in their study also
similarly observed 42% of the children had minimal or no dehydration while 58%
had moderate dehydration. Mahyar A et al', in their study observed 28.3% of the

subjects had mild dehydration, 50% had moderate dehydration, and 21.7% had severe
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dehydration. Zinc deficient children are at increased risk of developing diarrheal

diseases besides other infections such as respiratory tract infections.

ASSOCIATION BETWEEN “SERUM ZINC LEVELS” AND SEVERITY OF
DEHYDRATION:

Zinc deficiency can increase susceptibility to diarrhoea through several mechanisms.
But also,diarrheal diseases can reduce the absorption of zinc and also result in loss of
zinc. There was a statistically significant weak negative correlation betweenthelevel
of dehydration and serum zinc levels (1 value: -0.467, P value: <0.001) in the present
study. But Mahyar A et al'’, in their study observed there was a positive correlation
betweenthelevel of dehydration and serum zinc levels (r-value = 0.6 (watery
diarrhoea), p = 0.01). But similar to our study, they observed a negative correlation
betweenthelevel of dehydration and serum zinc levels in bloody diarrhea. (r-value = -
0.24, p=0.4). The trend of decrease in the levels of mean serum zinc with an increase
in the severity of dehydration was statistically significant. (p<0.001) in the present
study. The mean serum zinc level was higher at 11.47 micro mole/L in No
dehydration compared to only 6.88 + 2.65 micro mole/L in severe dehydration. There
was a significant difference of 4.59 micro mole/L between No dehydration and Severe
dehydration, 2.61 micro mole/L. between No dehydration and Some dehydration
respectively. But there are also chances of a transient effect of the diarrhoea on the

serum zinc levels in our study.
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ASSOCIATION BETWEEN “SERUM ZINC LEVELS” AND DEGREE OF
MALNUTRITION:

Zinc deficient children tend to be malnourished or stunted. Because both malnutrition
and lower serum zinc levels may share the common sociodemographic and clinical
risk profile linked to poverty such as low socioeconomic status, lack of awareness of
mothers, lack of safe drinkingwater, poor sanitation and hygiene etc.In the present
study,10.83% of children had severe malnutrition, while 5% had moderate
malnutrition. There was no statistically significant trend in the difference between the
mean serum zinc levels across the various degrees of malnutrition (p=0.051) in the
present study. RerksuppapholS et al*, in their study observed 16% of the children
were wasted, and 8% of the children were stunted. The negative correlation
betweenthe degree of malnutrition and “serum zinc level” was weak and was
statistically significant in the present study. (rs value: -0.217, P value: 0.017).
Bitarakwate E et al*®, in their study observed that 66.7% of the children with
persistent diarrhoea were either stunted, wasted or both. They observed a lack of
significant correlation between nutritional states and serum zinc levels. It could be
due to a cytokine directed internal redistribution of zinc. The relationship between
zinc levels in malnourished children and the severity of dehydration cannot be
interpreted clearly as a deficiency could be due to the diarrhoea or could be due to the

poor nutritional status.
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Table 22: Clinical presentation and association with serum zinc level across

studies.
Correlation Correlation
between between
Author Severity_of serum zinc p Level _01_‘ serum zinc p
dehydration | levelsand | value | malnutrition | levelsand | value
Dehydration level of
severity malnutrition
No - 45.8%
Some -
Present study 36.7% -0.467 <0.001 -0.217 -0.217 0.017
Severe —
17.5%
Minimal or Wasting —
Rerksuppaphol | No —42% 16%
Setal® Moderate — i i Stunting — - i
58% 8%
0.6 (watery 0.01
Mild - diarrhoea)
0
Mahyar A et M2§‘3 /to B -0.24 ) ) )
al."” oderate (bloody
50% ) 0.4
diarrhoea)
Severe —
21.7%

Zinc ,essential micronutrientthat plays a major role in the growth and development of

the children. Its deficiency leads to increased infections such as diarrhea resulting in

dehydration. The present study sheds light on the serum zinc levels in children

presenting with acute diarrhoea in India.
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CONCLUSION

Our study concluded that there is an increased prevalence of low zinc levels in
children with acute diarrhea. So, based on the findings of our study, many children
require zinc administration. The initial administration of zinc can promote the
recovery time in such children. Therefore, before the initial administration of zinc, it
is necessary to measure the baseline zinc level of the children and then apply the zinc

syrup as required.
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LIMITATIONS

The present study was only a simple descriptive cross-sectional study. It was a single
centre, hospital-based study and hence the external validity of the results are
questionable. The sampling was convenient. “The association between serum zinc
levels and diarrthea or serum zinc levels and malnutrition cannot be defined as
causative because of the cross-sectional nature of the study”. It could be bidirectional.
We could not also measure serum zinc concentrations after patients had completed

their course of treatment because of practical constraints.

RECOMMENDATIONS:

Future multi-centric large-scale community-based studies of analytical or
experimental nature can test and confirm the hypothesis. Prospective studies with

zinc supplementation involving control groups for comparison can fill the pertaining

gaps.
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SUMMARY

One of the major causes of pediatric morbidity and mortality around the world is
acute gastroenteritis. The most common causes of acute gastroenteritis are infectious
agents such as viruses, bacteria and parasites. “Diarrhea is one of the important risk
factor associated with gastroenteritis”. Zinc level can be compromised by frequent

episodes of acute diarrhoea.

Zinc depletion is one of the major factors that contribute to the detrimental effects of
persistent diarrhoea on the human body.The present study had focused on estimation
of serum zinc level and “severity of diarrhea” and dehydration status in 120 children
aged between 6 months to 60 months. There was almost an equal distribution of boys
and girls in the present study with 51.67%. Only 17.5% of the study population had
severe dehydration. The mean serum zinc level identified was 9.71 £+ 3.88pumole/L.It
was highest in 6 to 12-month age group at 10.34 &+ 4.10 micro moles/L. While, lowest
in 1 to 3-year age group at 8.42 + 3.73 micro moles/L. There was a statistically
significant weak negative correlation betweenthe level of dehydration and serum zinc
levels. The trend of decrease in the levels of mean serum zinc with an increase in the
severity of dehydration was statistically significant. The mean serum zinc level was
higher at 11.47 micro mole/L in no dehydration group compared to severe
dehydration with 88 + 2.65 micro mole/L. The negative correlation between the
degree of malnutrition and serum zinc level was weak and was statistically

significant.
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ANNEXURES

INFORMED CONSENT FORM

Date:

I, Mr/Mrs , have been explained in my own

vernacular language that my child will be included in the study,CROSS
SCETIONAL STUDY OF SERUM ZINC LEVELS IN CHILDREN WITH
ACUTE GASTROENTERITIS IN TERITARY CARE HOSPITAL, hereby give
my valid written informed consent without any force or prejudice for recording the
observations of haematological and clinical parameters. The nature and risks involved
have been explained to me, to my satisfaction. I have been explained in detail about
the study being conducted. I have read the patient information sheet, and I have had
the opportunity to ask any question. Any question that I have asked have been
answered to my satisfaction. [ provide consent voluntarily to allow my child as a
participant in this research. I hereby give consent to provide history, undergo a
physical examination, undergo investigations and provide its results and documents
etc. to the doctor/institute etc. For the academic and scientific purpose, the
operation/procedure, etc. may be video graphed or photographed. All the data may be
published or used for any academic purpose. I will not hold the doctors/institute etc.

responsible for any untoward consequences during the procedure/study.

A copy of this Informed Consent Form and Patient Information Sheet has been
provided to the participant.

(Signature & Name of Pt. Attendant) (Signature/Thumb impression & Name of
Patient/Guardian)

(Relation with patient)

Witness:

(Signature & Name of Research person /doctor)
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PATIENT INFORMATION SHEET

Principal Investigator: DR. AKSHATHA S/ DR. KRISHNAPPA J

I, Dr Akshatha S, a post-graduate student in Department of Paediatrics at Sri Devaraj
UrsMedical College, will be conducting a study titled “Cross-sectional study of
serum zinc levels in children with acute gastroenteritis in a tertiary care
hospital” for my dissertation under the guidance of Dr. Krishnappa J, Professor, Head
of the department, Department of Paediatrics. The participants of this study, i.e.
children with acute gastroenteritis will be included in the study where children with
acute gastroenteritis will be examined in detail and serum zinc levels, will be
measured. You will not be paid any financial compensation for the participation of

your child in this research project.

All the data will be kept confidential and will be used only for research purpose by

this institution.

You are free to provide consent for the participation of your child in the study. You
can also with draw your child from the study at any point of time without giving any

reasons whatsoever.

Your refusal to participate will not prejudice you to any present or future care at this

institution.

Name and Signature of the Principal Investigator

Date:
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KEY TO MASTER SHEET:

Key variables

Key code

Age 1=<12 months 2=13 to 36 months 3=37 to 60

Gender 1=Male, 2= Female

Dehydration 0= No dehydration, 1= Some dehydration, 2= Severe dehydration
Malnutrition 1= Moderate malnutrition,2= Severe malnutrition, 3= Normal
CRP 1=Positive, 2= Negative
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g =
. . £ 3 E S
z _ £ £ £ B g g B £
S g g E g £ g e 2 £ 5 2 m £
g 3 5 5 = 5 B g £ b & 5 3 g ] i
o < O] [a) = T x o = o &) [%) %) o ) (&)
692,392 3 2 0 3 11.8 4.9 29.9 10 389 2 14 134 5 28 0.2
693,800 2 1 0 3 9.9 49 32.7 6.4 270 1 12 134 3.7 17 0.3
694,387 3 1 1 3 12 5 47 74 325 1 9.7 126 4.1 39 0.4
694,434 3 2 1 3 13 5.9 39 7 346 2 13 132 3.6 12.1 0.1
689,623 3 2 0 3 11.8 4.9 32 10 389 2 14 126 4.1 16 0.5
689,515 3 1 0 3 11.8 49 26.1 10 389 1 11 136 3.2 16 0.3
698,306 1 1 1 3 8.1 4.3 25.9 10.2 379 2 10.4 138 4.3 25 0.3
686,356 1 1 1 3 10.3 45 30.6 10.3 149 2 11.2 135 3 18 0.2
705,014 3 1 1 3 9.6 4.8 29.9 13.2 257 2 9.3 137 2.7 8 0.2
705,124 1 1 2 3 11.7 43 32 18 300 1 5 138 4.5 38 0.8
710,860 3 2 1 3 13.8 5.6 39.4 11.3 409 1 13 131 4.1 45 0.7
763,174 2 1 1 2 11.3 4.7 33 115 423 2 94 138 6.9 17 0.3
706,489 1 1 2 3 13.8 4.7 29.9 6 303 2 8 159 6.7 165 2.9
709,819 3 1 0 3 12 5 47 74 123 2 16 135 3.7 18 0.2
715,255 2 2 2 2 10.7 5.1 33 5 325 2 4.8 140 3.6 26 0.2
715,728 1 2 0 3 13.9 4.4 38.8 16.5 657 1 13 140 5.2 28 0.4
758,607 1 1 0 3 7.8 4.9 27 6.5 425 2 10.4 134 4 38 0.6
724,683 3 1 2 3 12 5 47 14 325 2 11.2 143 3.2 46 0.5
732,636 2 2 2 3 1.7 4.2 24.2 114 117 2 9 129 3.7 22 0.3
724,722 3 2 1 3 12 5 47 75 405 2 129 137 4 28 0.5
740,476 3 2 2 2 13.2 5.3 22 10.8 283 2 6.3 135 6.2 60 1
742,168 1 1 1 3 9.6 4 29.2 10.9 297 2 12 134 4.4 22 0.2
689,626 3 2 0 3 11.8 49 29.9 10 389 2 11 127 45 48 0.4
747,883 2 1 1 3 8.2 4.7 27 11.3 466 2 9 137 55 46 0.2
748,706 1 1 2 3 4 25 20.8 13.9 496 2 6.8 143 4.7 62 0.2
713,523 1 1 1 3 14.3 5.3 40.3 6.6 133 2 10 139 4.1 18 0.2
763,175 1 1 1 1 11.3 4.7 33.6 114 423 2 11.3 133 6.9 17 0.3
751,509 1 1 1 2 7.7 34 40.2 19 346 1 12 130 3.8 16 0.2
700,761 2 2 2 2 3.3 2.9 14.3 15.3 289 2 8 131 3.8 10 0.2
765,810 2 1 0 3 9.7 5.1 32.2 12.1 484 2 15 144 4.2 36 0.4
719,499 3 1 2 3 10.1 5.6 394 11.3 409 2 12 134 4.6 24 0.4
758,606 2 2 1 3 10.9 4.8 32.1 10.6 384 1 6 135 4.3 28 0.9
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761,393 3 2 0 3 6.9 4.4 25.4 8.2 351 1 13 136 4.5 32 0.2
767,138 1 1 0 3 11.3 4.8 33.8 11.6 423 1 17 133 6.9 17 0.2
707,409 1 1 0 3 13 5.2 34 9.8 324 2 17 132 4.6 34 11
771,412 1 2 0 3 11.1 4.4 32.5 10.7 502 2 18 140 34 46 04
780,406 3 2 1 3 9.8 4.7 29.6 13 443 1 4.9 139 4.3 28 0.3
744,968 2 1 0 3 12.9 4.4 38.9 8.3 198 2 6 128 4.4 9 04
819,112 3 2 0 3 12.1 5.2 36.5 4.7 216 1 13 142 34 56 0.2
819,373 3 1 0 3 13.9 4.8 38.2 16.7 466 2 5 138 4.3 32 0.5
823,268 3 2 1 3 9.9 4.9 33.5 7.2 468 2 4 136 4.5 24 04
822,263 1 1 2 2 7 5.2 26.4 4.1 592 2 5 137 5 33 04
824,574 1 2 0 3 11.6 4.9 34.3 9 413 1 13 135 4.5 21 0.3
827,233 3 1 0 3 12.8 54 38.3 12.1 262 2 10 136 4.1 31 04
828,629 1 1 1 3 7.8 4.9 26.4 11.6 733 2 9 135 4.4 14 0.2
830,132 3 1 1 3 11.7 4.6 35.3 6.6 199 2 8 134 3.8 38 0.5
830,176 1 2 0 3 10.2 4.7 29.9 12.3 392 1 9 148 3 32 04
831,824 1 2 1 3 11.2 3.8 30 10.4 198 2 10 135 3.2 30 0.6
816,446 2 1 0 3 12 4.9 36.3 14.1 364 2 11 130 3.2 30 04
836,840 3 1 0 3 10.8 3.9 29.6 5.1 221 2 10 135 4.2 24 0.3
837,948 3 2 1 3 9.5 4 28.4 6.8 303 2 8 136 3.5 26 0.5
839,230 2 2 1 3 5.7 5 22.8 9.3 492 2 14 129 3.3 29 0.3
839,278 3 2 0 3 9.1 4.7 28.6 9.1 387 1 18 137 4.4 14 0.3
710,419 1 2 0 3 11.7 4.9 33.6 14.7 422 2 14 134 4 9 0.2
710,421 1 1 0 3 11.9 4.9 35.5 17.2 448 2 13 135 5.1 20 0.2
839,252 3 2 0 3 9.1 4.6 29.1 7.7 370 2 13 138 4.6 32 0.8
839,670 1 1 0 3 10.1 4.8 29.9 12.8 435 2 14 139 3.6 26 04
840,353 1 1 0 3 135 54 37.9 12.5 302 2 6 137 5.8 23 0.2
733,779 1 2 2 3 10.3 4.3 30.5 12.3 504 2 6 136 3.9 14 0.7
791,378 3 2 1 1 12.6 53 375 18.8 470 2 7 133 5.2 19 0.3
732,683 2 1 0 3 13.2 5 30.4 10.4 234 2 6 132 4.5 18 0.3
798,284 1 2 0 3 10 4.3 30.2 20.1 482 2 13 133 4.6 14 0.2
807,572 3 1 0 3 11.1 4.5 32.1 10.3 229 2 6 137 4.9 30 04
807,574 3 1 0 3 12.1 54 36.1 12.7 305 2 13 129 4.6 31 0.6
807,513 3 2 1 1 5.1 4.3 21.3 12.7 446 1 4 134 4 15 0.2
812,678 3 2 0 3 9.2 4.3 24 11.3 284 2 13 129 5.4 25 0.9
812,699 3 2 0 3 15 4.5 43.2 6.7 262 2 6 134 5.2 35 0.8
787,703 1 1 1 1 13 4 32 13.4 234 2 6 130 55 30 0.6
828,028 2 1 1 3 12.8 5 38.9 9.1 409 1 7 138 4.5 20 0.2
827,605 2 1 1 3 74 4.6 26.3 6.2 312 1 15 135 3.6 28 0.3
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830,977 2 2 0 3 10.7 5.1 33.4 11.7 399 1 5 141 4.1 30 0.3
809,581 3 1 0 3 10.8 4.5 32.9 7 368 2 13 142 4.3 18 0.6
751,509 1 1 2 3 1.7 34 24 14.1 346 2 7.5 130 3.8 16 0.2
757,197 1 2 2 3 11.7 4.2 29.4 24.2 753 1 5 122 3.9 9 0.2
783,092 2 2 0 3 8.1 54 20.1 18.9 553 2 13 146 2.8 12 04
799,609 3 1 0 3 10.1 4.8 29.5 6.9 290 1 12 131 2.2 17 0.5
803,616 3 2 0 3 135 5.1 39.3 2.6 156 1 6 126 4.5 39 0.6
807,513 3 2 1 3 8.5 5.2 29 10.8 378 1 7 134 4 15 0.2
808,218 2 1 1 2 6.8 4.3 24.2 11.2 531 1 7 134 4.7 4 0.2
815,517 1 1 1 3 9.5 34 28.2 19.3 497 1 6 136 5.2 33 0.3
820,546 1 1 0 3 8.9 4.7 28.7 7.8 595 1 9 132 4.1 9 0.6
818,694 2 1 0 1 10.5 4.4 311 5.7 227 2 10 140 3.2 24 0.3
819,092 1 2 1 3 7.3 4.7 25.3 10.8 555 1 10 140 6.2 46 0.3
822,246 1 1 2 2 10.3 4.1 30.9 7.2 344 2 9 133 4.5 32 04
822,743 1 1 0 3 9.4 4.5 29.4 8.9 284 2 4 136 34 35 0.5
826,803 2 2 2 3 12.7 4.2 35.6 94 282 1 4 140 4.3 22 0.5
827,201 1 1 1 3 9.8 3.3 28.6 13.5 555 2 6 153 4.1 43 0.3
830,133 3 2 1 2 10.9 4 32 4.1 129 2 7 138 3.7 58 0.6
830,132 3 1 1 3 11.7 4.6 35.3 6.6 199 2 8 134 3.8 38 0.5
830,176 1 2 2 3 10.2 4.7 29.9 12.3 392 1 4 145 35 57 0.5
831,548 2 2 1 2 12.3 4.8 35 11.9 323 2 5 141 5 54 0.6
834,163 2 2 1 3 6 4.9 23.8 11.1 273 2 6 141 3.6 21 0.7
837,219 3 2 1 3 11.6 4.3 33.5 11.9 451 1 10 131 4.4 22 04
839,252 2 2 1 3 9.1 4.6 29.1 7.7 370 1 10 138 4.6 32 0.8
841,064 2 2 1 3 10.2 3.9 12.4 13.4 234 2 4 143 2.9 47 0.9
841,267 2 1 1 3 12 3.6 13.6 12.4 250 2 4 134 3.8 48 0.7
803,088 2 1 0 3 10.2 4.9 30 13.4 234 2 9 138 4.2 42 0.3
818,694 2 2 2 1 9.4 4 32 3.8 129 2 4 136 4 50 0.2
650,890 2 1 0 3 11.7 4.6 35.3 7 230 2 14 134 3.9 40 0.5
824,083 2 1 0 3 10.2 4.7 29.9 12.3 445 1 4 138 3.7 28 0.3
800,440 3 1 0 3 11 4.6 33 9.4 255 2 4.6 144 3.9 23 03
800,431 3 2 1 3 9 3.9 32 6.7 190 2 4 142 35 23 0.2
807,831 1 1 0 3 8.8 3.6 29 7.7 325 2 14 133 3.3 55 04
808,944 2 1 2 2 13 35 32 135 240 1 4 138 4 38 0.2
809,976 2 2 0 3 9.5 4.3 38 21.3 345 1 13 128 4.2 45 0.5
810,369 2 2 0 3 10.5 3.7 42 6.7 485 2 13 126 4.3 60 04
813,056 3 1 0 3 113 3.6 37 9.5 220 2 14 134 4.2 36 0.2
814,203 1 2 1 3 8.9 2.6 30 18 420 2 9 139 3.6 42 04
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814,856 3 1 1 3 11 4.2 32 10.6 300 2 12 137 34 12 0.5
815,150 3 2 0 3 10.9 3.3 34.2 7.9 229 1 9 136 2.9 16 0.5
817,700 3 1 0 3 11 3.6 33.6 9.2 163 2 14 167 3 29 0.3
819,074 3 2 2 3 11 2.9 29 18.6 365 2 4 143 34 17 0.3
819,462 1 2 0 3 13 4.7 40 9.7 266 2 9 146 4.6 33 0.2
819,392 3 2 2 2 11.6 4.9 34.3 9 413 2 11 145 4.4 30 0.6
821,754 1 1 0 3 12.8 54 38.3 12.1 262 2 16 145 4.2 29 0.2
770,873 1 2 0 2 7.8 4.9 26.4 11.6 733 2 17 136 3.3 23 0.3
828,909 3 2 0 3 11.7 4.6 35.3 6.6 199 2 15 133 3.2 44 0.6
828,629 1 1 1 3 10.2 4.7 29.9 12.3 392 2 9 134 3.3 23 04
830,133 3 2 2 3 135 54 37.9 12.5 302 2 10 136 3.8 30 0.3
814,662 1 2 1 3 14.4 5.2 38 13 342 2 20 137 4.2 27 0.2




