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INTRODUCTION

Acute lower respiratory tract infections (ALRTIs),
including severe conditions such as pneumonia and
bronchiolitis, remain a leading cause of morbidity

ABSTRACT

Background: The aim is to evaluate serum zinc levels in children hospitalized
with acute lower respiratory tract infections (ALRTIs) and determine their
association with various clinico-demographic, nutritional, and environmental
variables.

Materials and Methods: This prospective, observational, case-control study
was conducted over a 16-month period (July 2023 — December 2024) at the
Department of Paediatrics, Gayatri Vidya Parishad Institute of Health Care and
Medical Technology, Visakhapatnam. The study enrolled 30 children aged 6
months to 5 years clinically diagnosed with ALRTI (cases) and 30 age-matched
healthy children (controls). Children with prior antibiotic use, chronic liver or
malabsorption diseases affecting zinc metabolism, and severe diarrhoea within
two weeks of admission were excluded.

Results: At presentation, fever and tachypnoea were present in all cases
(100%), followed by cough (90%), crackles (90%), wheezing (80%), and chest
indrawing (76.7%). Cases demonstrated significantly lower mean serum zinc
levels compared to controls 62.34 + 28.16(ng/dl) vs. 81.68 +27.65 (ng/dl), with
a p-value of 0.001. Anthropometric parameters—including weight-for-age
(W/A%), height-for-age (H/A%), and weight-for-height (W/H%)
percentages—were significantly lower in the case group (p = 0.007 for overall
nutritional status), indicating a strong link to malnutrition. Biochemical analysis
revealed significantly lower albumin levels and elevated C-reactive protein
(CRP) levels among cases compared to controls, reflecting active inflammatory
responses and underlying nutritional deficiencies.

Conclusion: Low serum zinc levels, poor nutritional status, and elevated
inflammatory markers (CRP) are strongly associated with the incidence and
severity of ALRTIs in young children. Environmental risk factors, such as
biomass fuel exposure and parental smoking, further compound this risk. These
findings suggest that addressing childhood malnutrition and implementing
targeted zinc supplementation could significantly improve paediatric respiratory
health outcomes in resource-limited settings.

Keywords: Acute lower respiratory tract infections (ALRTI); Zinc deficiency;
Paediatrics; Nutritional status; Case-control study; C-reactive protein (CRP).

and mortality among children under five years of age
in low- and middle-income nations. According to the
World Health Organization (WHO), pneumonia
alone accounts for approximately 18% of all
paediatric deaths globally, making it a primary driver
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of paediatric hospitalizations and mortality.l'l In
young children, this micronutrient-driven
immunodeficiency significantly elevates
susceptibility to infections, particularly ALRTIs.
For instance, a case-control study in Nigeria
demonstrated that children with ALRTIs had
significantly lower mean serum zinc levels (18.7 £
11.8 pg/dl) than their healthy counterparts (53.1 +
18.5 pg/dl), with zinc deficiency present in 98.3% of
the infected cohort compared to 64.2% of the control
group.' Similarly, an Indian study observed reduced
serum zinc concentrations (59.52 + 1.55 png/dl),
among children presenting with severe pneumonia
and mild-to-moderate malnutrition. Conversely,
children with adequate nutritional status maintained
normal zinc ranges, indicating that protein-energy
malnutrition may compound zinc deficiency and
further compromise immune defences.!

Given these links, the therapeutic and prophylactic
benefits of zinc supplementation have been widely
investigated. In a randomized controlled trial
involving 609 children aged 6 to 35 months, daily
supplementation with 10 mg of elemental zinc led to
a 45% reduction in ALRTI incidence, concurrently
reducing the proportion of children with plasma zinc
concentrations  below.!  However, evidence
regarding zinc as an adjunct therapy during acute
pneumonia remains mixed. While some trials report
no significant reduction in illness duration or
symptom severity, others indicate a reduction in
mortality rates, particularly in high-risk sub-
populations, such as children with HIV.!
Socioeconomic disparities in Andhra Pradesh drive
zinc deficiencies that compromise paediatric
immunity, exacerbating childhood malnutrition and
respiratory illnesses. Investigating local serum zinc
levels enables targeted nutritional interventions that
can mitigate the ALRTI burden and reduce under-
five mortality.

MATERIALS AND METHODS

Study Design and Setting: This prospective,

observational, case-control study was conducted in

the Department of Paediatrics at the Gayatri Vidya

Parishad Institute of Health Care and Medical

Technology, Marikavalasa, Visakhapatnam, Andhra

Pradesh, India. The study was carried out over a 16-

month period from July 2023 to December 2024.

Selection Criteria

Inclusion Criteria:

Subjects were eligible for enrolment if they met the

following criteria:

* Children aged between 6 months and 5 years.

» Presenting with a definitive clinical diagnosis of
an acute lower respiratory tract infection
(ALRTI), such as pneumonia, bronchitis, or
bronchiolitis, requiring hospital admission.

* Provision of written informed consent by the
parents or legal guardians for participation,
including voluntary blood sampling.

Exclusion Criteria:

Children meeting any of the following parameters

were excluded:

* History of antibiotic administration prior to
hospital admission for the current illness.

» Diagnosed chronic systemic illnesses known to
alter zinc metabolism, such as chronic liver
disease or malabsorption syndromes.

* History of severe diarrhoea or significant
gastrointestinal illness within the two weeks prior
to admission.

Data Analysis: Data was managed in Microsoft

Excel and analyzed using SPSS version 23, utilizing

descriptive statistics to present sociodemographic

and clinical characteristics. Independent t-tests and

ANOVA assessed differences in mean serum zinc

levels across subgroups, while linear regression

evaluated its relationship with clinical outcomes;

significance was set at p < 0.05.

RESULTS

Table 1: Age Characteristics of the Study Population

Age group, months Cases (N =30) Controls (N =30) P Value
<12 months 10 (33.3%) 11 (36.7%) 0.955
12-36 months 12 (40%) 11 (36.7%)

26-59 months 8 (26.7%) 8 (26.7%)

Total 30 (100%) 30 (100%)

Statistical analysis revealed no significant difference in distribution across age groups between cases and controls,

as indicated by a p-value of 0.955.

Table 2: Sex distribution

Sex distribution Cases (N =30) Controls (N =30) P Value
Male 17 (56.7%) 18 (60%) 0.793
Female 13 (43.3%) 12 (40%)

Total 30 (100%) 30 (100%)

The proportions of males and females were comparable between cases and controls, with no statistically

significant difference observed (p-value = 0.793).
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Figure 1: Age Characteristics of the Study Population

Figure 2: Sex distribution

Table 3: Nutritional status

Weight-for-height % Cases (N =30) Controls (N =30) P Value
<90 14 (46.7%) 8 (26.7%) 0.007
>90 16 (53.3%) 22 (73.3%)

Total 30 (100%) 30 (100%)

Table compares nutritional status between cases and
controls (N = 30 each). Among cases, 46.7% had a
nutritional status <90, compared to 26.7% of

controls. Conversely, 53.3% of cases and 73.3% of
controls had a nutritional status >90. The difference
is statistically significant (p = 0.007).

Table 4: Characteristics

Characteristic Cases (N=30) Controls (N =30) P Value
Parental smoking Yes 5 (16.7%) 6 (20%) 0.05

No 25 (83.3%) 24 (80%)
Use of biomass fuels Yes 4 (13.3%) 2 (6.7%) 0.05

No 26 (86.7%) 28 (93.3%)

In examining environmental characteristics, 16.7%
of cases (5 individuals) and 20% of controls (6
individuals) had parents who smoked, while 83.3%
of cases (25 individuals) and 80% of controls (24
individuals) did not report parental smoking, with a
borderline p- value of 0.05. Regarding the use of

biomass fuels, 13.3% of cases (4 individuals) were
exposed compared to 6.7% of controls (2
individuals), while the majority in both groups were
not exposed (86.7% of cases and 93.3% of controls).
This also yielded a significant p-value of 0.05.

Table 5: Sociodemographic Profile: Father's Education Level in ARI and Control Groups

Education Level of Father Cases (N =30) Controls (N =30) P Value
No formal education 6 (20%) 2 (6.7%) 0.319
Primary 9 (30%) 7 (23.3%)
Secondary 7 (23.3%) 8 (26.7%)
Post-secondary (college) 8 (26.7%) 13 (43.3%)
Total 30 (100%) 30 (100%)
Differences in paternal education level between cases and controls were not statistically significant (p-value =
0.319).
R
S,
C——i,
—_—
Figure 5: Sociodemographic Profile: Father's
Figure 4: Characteristic Education Level in ARI and Control Groups
Table 6: Maternal education
Maternal education Cases (N =30) Controls (N =30) P Value
No formal education 6 (20%) 5 (16.7%) 0.700
Primary 10 (33.3%) 7 (23.3%)
Secondary 8 (26.7%) 12 (40%)
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Post-secondary (college)

6 (20%)

6 (20%)

Total

30 (100%)

30 (100%)

The differences in maternal education between cases and controls were not statistically significant (p-value =

0.700).

Table 7: Socioeconomic status

Socioeconomic status Cases (N =30) Controls (N =30) P Value
1 3 (10%) 4 (13.3%) 0.718

11 4 (13%) 7 (23.3%)

I 7(23.3%) 8 (26.7%)

v 9 (30%) 7 (23.3%)

\% 7 (23.3%) 4 (13.3%)

Total 30 (100%) 30 (100%)

This study's participants' socioeconomic distribution was evaluated using the modified Kuppuswamy scale. A p-
value of 0.718 indicates that there was no discernible difference in the two groups' socioeconomic classifications

according to statistical analysis.

Figure 6: Maternal education

Figure 7: Socioeconomic status

Table 8: Clinical Profile of Children with Acute lower respiratory tract infection

Clinical Characteristic Frequency (%)
Fever 30 (100%)
Cough 27 (90%)
Refusal to feed 17 (56.7%)
Lethargy 8 (26.7%)
Sleep disturbance 11 (36.7%)
Altered sensorium 3 (10%)
Tachypnea 30 (100%)
Hypoxia (SpO:t < 93% in room air) 13 (43.3%)
Cyanosis 4 (13.3%)
Chest indrawing 23 (76.7%)
Stridor/grunting 8 (26.7%)
Reduced air entry 8 (26.7%)
Wheeze 24 (80%)
Crackles 27 (90%)

According to the clinical features seen in the
instances, fever and tachypnea were present in every
patient (100%) at presentation. In 90% of instances,
coughing and crackles were seen, making them
extremely common. In 76.7% of patients, chest
indrawing was seen, and in 80% of cases, wheezing
was reported. Other symptoms were sleep difficulties
in 36.7%, hypoxia (SpO: < 93%) in 43.3%, and
unwillingness to feed (56.7%). Lethargy, stridor, or
grunting (each 26.7%), decreased air entry (26.7%),
cyanosis (13.3%), and altered sensorium (10%) were
less common symptoms.

Figure 9: Ventilation requirement

Table 9: Ventilation requirement

Ventilation requirement

Cases (N =30)

Non-invasive 4 (13.3%)
Invasive 3 (10%)
No ventilator 23 (76.7%)
Total 30 (100%)
In terms of ventilation requirements, most cases required invasive ventilation. This distribution

(76.7%) did not require ventilator support. Non-
invasive ventilation was needed in 13.3% of cases (4
individuals), while 10% of cases (3 individuals)

reflects a relatively low need for advanced respiratory
support in the patient group.
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Table 10: Distribution of Mean Zinc Values Among Cases and Controls

Zinc level in cases and controls Mean + SD P Value
Cases 62.34+28.16 0.001 (<0.05)
Controls 81.68 +27.65

Cases had a mean zinc level of 62.34 + 28.16 (pg/dl),
which was much lower than the control group's 81.68
+ 27.65 (ug/dl). With a p-value of 0.001, this

difference was statistically significant, suggesting a
possible link between the case group's illness and
lower zinc levels.

Table 11: Zinc level distribution age-wise in cases

Zinc level distribution age wise Mean + SD P Value

<12 months 61.48 +24.69 0.851 (>0.05)
12-36 months 63.78 £29.67

26-59 months 53.56 +31.75

There was no statistically significant variation in zinc levels between the age groups, according to the p-value of

0.851.

Table 12: Zinc level distribution age-wise in controls

Zinc level distribution agewise Mean + SD P Value

<12 months 79.21 +25.84 0.951 (>0.05)
12-36 months 83.12+21.78

26-59 months 84.67 +£19.54

As people mature, the variability (SD) declines.
There is no discernible difference in zinc levels
between the <12 month group and the others, as

indicated by the p-value of 0.951 (>0.05). Complete
statistical comparison is not possible for the older
groups due to missing p-values.

Table 13: Zinc levels distribution sex-wise in cases

Zinc levels distribution sexwise Mean £+ SD P Value
Male 60.95 +26.34 0.864 (>0.05)
Female 61.95 +30.86

Male and female zinc levels did not differ statistically significantly, according to the p-value of 0.864.

Table 14: Zinc levels distribution sex-wise in controls

Zinc levels distribution sexwise Mean £+ SD P Value
Male 82.48 +£24.94 0.745 (>0.05)
Female 84.31 +18.34

Mean + standard deviation of zinc levels was 84.31 +
18.34 pg/dL for females and 82.48 + 24.94 pg/dL for
males. There is no statistically significant difference

in zinc levels between the sexes, according to the p-
value of 0.745 (>0.05).

Table 15: Anthropometry of Subjects and Controls

Anthropometry Cases (N=30) Controls (N =30) v P-Value
Weight-for-age % 17.94 0.001
<80 10 (33.3%) 3 (10%)

>80 20 (66.7%) 27 (90%)

Height-for-age % 12.495 0.001
<95 13 (43.3%) 8 (26.7%)

>95 17 (56.7%) 22 (73.3%)

Weight-for-height % 6.359 0.007
<90 14 (46.7%) 8 (26.7%)

>90 16 (53.3%) 22 (73.3%)

In all three parameters, the anthropometric measures
showed a substantial difference between the cases
and controls. In comparison to just 10% of controls,
33.3% of patients had a weight-for-age percentage
80> = 1794, p = 0.001). In relation
to  height-for- height-for-age percentage <95 was
present in 43.3% of cases and 26.7% of controls (y*> =

12.495, p = 0.001). Compared to 26.7% of controls,
46.7% of cases had a percentage <90 for weight-for-
height (3> = 6.359, p = 0.007). According to these
findings, anthropometric measurements were lower
in cases than in controls, and all differences were
statistically significant.

Table 16: Anthropometry of Subjects and Controls with mean Serum Zinc levels

Anthropometry Cases Mean + SD Controls Mean = SD P Value
Weight-for-age %

<80 69.47 +19.25 76.78 + 24.26 0.0001
>80 70.28 + 17.54 87.16 £21.59 0.001
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Height-for-age %

<95 57.77 £24.65 84.64 £ 15.69 0.0001
>95 62.22 +28.56 90.37 +£19.64 0.0001
Weight-for-height %

<90 64.58 +14.56 73.25+£26.45 0.001
>90 67.99 +£19.84 85.29 +21.68 0.001

Anthropometric measurements, classified by weight-
for-age, height-for-age, and weight-for height
percentages, were compared between patients and
controls in the study. All categories showed
significant differences, with controls continuously
showing higher mean values than cases. For weight-
for-age, controls had higher percentages in both
<80% (76.78 £ 24.26 vs. 69.47 £ 19.25, p = 0.0001)
and >80% (87.16 + 21.59 vs. 70.28 + 17.54, p =
0.001) categories. Similarly, for height-for-age,

controls outperformed cases in both <95% (84.64 +
15.69 vs. 57.77 £ 24.65, p =0.0001) and >95% (90.37
+19.64 vs. 62.22 + 28.56, p = 0.0001) groups. In the
weight-for-height category, controls again exhibited
higher percentages in both <90% (73.25 + 26.45 vs.
64.58 + 14.56, p = 0.001) and >90% (85.29 + 21.68
vs. 67.99 + 19.84, p = 0.001) subgroups. The data
highlight significant anthropometric deficits in cases
compared to controls, underscoring the disparities in
nutritional and health outcomes.

Table 17: Serum Zinc Levels and Related Laboratory Parameters in Subjects and Controls

Parameter Cases (N =30) Controls (N =30) T Value P Value
Serum Zinc (ug/dL) 16.812 0.001
Range 39-944 19.5 -111.8

Mean (SD) 19.2 (11.2) 53.1(18.5)

Serum Total Protein (g/L) -0.875 0.426
Range 39.0-99 48.0 - 103

Mean (SD) 71.5(12.2) 73.1(13.1)

Serum Albumin (g/L) -4.954 0.001
Range 26.5-56.5 31.2-579

Mean (SD) 39.7 (6.9) 44.4 (1.7)

Serum CRP (mg/L) 19.561 0.001
Range 1.3-75 09-7.0

Mean (SD) 28.6 (17.8) 2.90 (1.5)

There were notable variations in the biochemical
parameters between the controls and the patients.
With a mean of 19.2 pg/dL (SD = 11.2), serum zinc
levels were significantly lower in cases than in
controls (53.1 pg/dL, SD = 18.5) (t = 16.812, p <
0.001). With a mean of 71.5 g/L (SD = 12.2) for the
patients and 73.1 g/L (SD = 13.1) for the controls, the
two groups' serum total protein levels were
comparable, and there was no discernible difference
(t=-0.875, p = 0.426). Cases had significantly lower

serum albumin levels (mean = 39.7 g/L, SD = 6.9)
than controls (mean =44.4 g/L, SD =7.7) (t=-4.954,
p = 0.001). Lastly, serum C-reactive protein (CRP)
levels were markedly higher in cases (mean = 28.6
mg/L, SD = 17.8) compared to controls (mean = 2.9
mg/L, SD = 1.5), showing a significant difference (t
=19.561, p=0.001). These results suggest lower zinc
and albumin levels, and higher CRP levels in cases,
indicative  of  nutritional  deficiencies  and
inflammatory responses.

Table 18: Zinc Status of the Study Population

Zinc Status Cases (N =30) Controls (N=30) | Total OR (95% CI) P Value
Low Serum Zinc 29 (96.7%) 18 (60%) 47 (78.3%) 19.33 (2.31- | 0.006
Normal Serum Zinc 1 (3.3%) 12 (40%) 13 (21.7%) 161.57)

Total 30 (100%) 30 (100%) 60 (100%)

The zinc status of the patients and controls in this
investigation differed substantially. Compared to
60% of controls, most cases (96.7%) had low serum
zinc levels. Serum zinc levels were normal in 40% of
controls and only 3.3% of cases. 78.3% of
participants in the research had low serum zinc levels

overall. With an odds ratio (OR) of 19.33 (95% CI:
2.31-161.57) and a p-value of 0.006, the case group
had a considerably higher chance of having low
serum zinc than the controls. This suggests a strong
correlation between the case group and poor zinc
status.

Table 19: Serum Zinc Levels in ARI and Non-ARI (Control) Children

Serum Zinc (mmol/L) Range Cases (N =30) Controls (N = 30) P- Value
1.00 to <17.00 9 (30%) 3 (10%) p=0.0002
17.00 to <27.00 9 (30%) 5 (16.7%)

27.00 to <47.00 10 (33.3%) 4 (13.3%)

47.00 to 122.00 2 (6.7%) 18 (60%)

Total 30 (100%) 30 (100%)
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Serum zinc levels in cases and controls were
distributed as follows: 30% of cases (9 individuals)
had serum zinc levels ranging from 1.00 to <17.00
mmol/L, compared to only 10% of controls (3
individuals), with a significant difference (p =
0.0002). In the 17.00 to <27.00 mmol/L range, 30%
of cases (9 individuals) and 16.7% of controls (5
individuals) were observed. For the 27.00 to <47.00
mmol/L range, 33.3% of cases (10 individuals) and
13.3% of controls (4 individuals) fell into this
category. In contrast, 60% of controls (18
individuals) had serum zinc levels ranging from
47.00 to 122.00 mmol/L, while only 6.7% of cases (2
individuals) had levels in this range. According to
these findings, patients' serum zinc levels were
noticeably lower, with the biggest difference
occurring in the lowest range.

DISCUSSION

Zinc deficiency compromises children's immune
systems, significantly increasing their vulnerability
to major global health threats like pneumonia and
acute respiratory infections. Evidence connects low
zinc levels to higher infection rates, positioning zinc
supplementation as a crucial preventative and
therapeutic strategy to reduce pediatric mortality.
Zinc is essential for child development and immune
function, driving cellular processes like DNA
replication and the activation of key immune cells. In
resource-limited  settings,  zinc deficiency
compromises both innate and adaptive immunity,
significantly increasing children's susceptibility to
infections.

Zinc preserves epithelial barriers and drives the
innate immune system's first-line Défense against
pathogens. It regulates vital neutrophil and
macrophage functions, including chemotaxis,
phagocytosis, and the cytokine signalling necessary
to coordinate immune responses. These frontline
immune cells' efficacy is significantly reduced when
zinc levels are low, which makes them more
vulnerable to infection.['?! Without sufficient zinc,
these cells cannot effectively present antigens to T
cells, resulting in compromised activation of the
adaptive immune response. 3!

Zinc serves as a vital cofactor for over 300 enzymes
and regulates gene expression by interacting with key
transcription factors like NF-xB and interferon
regulatory factors. During an infection, these zinc-
dependent pathways control inflammation and
trigger the transcription of proinflammatory
cytokines to activate the immune system.!'¥]
Deficiency in zinc can lead to unchecked cell death
or the persistence of ineffective immune cells,
disrupting immune homeostasis and weakening the
body's response to pathogens.!'3] Zinc deficiency is a
global health issue that severely impairs both the
innate and adaptive immune systems in children
under five. This deficiency reduces the production
and function of vital immune cells—including T

cells, B cells, and phagocytes—ultimately weakening
antibody production and cytokine signaling needed to
fight infections.!¢!

Zinc deficiency directly increases children's
susceptibility to severe respiratory illnesses like
pneumonia and acute respiratory infections. This
weakened immune state not only elevates the risk of
contracting infections but also prolongs recovery,
extends hospital stays, and increases mortality
rates.['”] Chronic deficiencies caused by inadequate
consumption of foods high in zinc or by inadequate
absorption of zinc in the stomach can increase a
child's susceptibility to infections.['®!

Zinc deficiency in children can cause delayed or
impaired wound healing, which may result in
problems and worsen the consequences of
infections.!'”] Severity of illnesses like pneumonia or
respiratory tract infections may be increased in
children with zinc deficiency due to an overactive
inflammatory response brought on by improper
immune modulation.? A zinc shortage can result in
stunted growth, delayed physical development, and
cognitive impairment since zinc is necessary for
healthy growth and development. Overall health and
the immune system's capacity to perform at its best
are closely related, and a zinc deficit that causes
development  delays.?!)  Zinc  supplementation
dramatically reduces the incidence of diseases
including pneumonia, diarrheal disorders, and acute
respiratory infections (ARIs) in children, particularly
those who are deficient, according to empirical
research.??]

Zinc improves clinical outcomes and shortens
hospital stays by enhancing immunological activity,
which enables a more effective reaction to infections.
Administering zinc to at-risk pediatric populations
may prevent the initial onset of illness and alleviate
the broader public health burden.

CONCLUSION

This study demonstrates a significant correlation
between low serum zinc levels and the incidence and
severity of pediatric acute lower respiratory
infections (ALRI), highlighting zinc's critical role in
respiratory and immunological health. While
nutritional status did not differ between groups, zinc
deficiency emerged as a major independent
contributor to ALRI alongside environmental and
sociodemographic factors, including biomass fuel
consumption, parental smoking, and lower maternal
education. Consequently, targeted zinc
supplementation and reduced environmental
exposure represent viable, high-impact strategies to
improve child health outcomes and mitigate ALRI
burdens in resource-limited settings.
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