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Abstract

Background:

Dengue fever is a significant pediatric health burden in tropical countries. Predicting severe cases early remains crucial to
reducing morbidity and mortality. Hypocalcemia has been implicated in dengue pathogenesis, but its clinical utility as a
prognostic marker in children requires further evaluation.

Objectives:
To estimate serum calcium levels in children with dengue and analyze their correlation with disease severity.

Methods:

This cross-sectional observational study was conducted over 24 months at Niloufer Hospital, Hyderabad, involving 100
children aged 1 month to 12 years with serologically confirmed dengue. Demographic data, clinical features, and laboratory
findings were recorded. Serum total and ionized calcium levels were measured within 24 hours of admission. Statistical
analysis was performed using SPSS v17.0. ANOVA, chi-square test, and Spearman’s correlation were applied; p<0.05 was
considered significant.

Results:

The mean age of participants was 5.8 + 3.6 years, with a male predominance (58%). Fever was universal, followed by
myalgia (76%), vomiting (44%), and abdominal pain (33%). Severe dengue was identified in 7% of cases. Mean serum
calcium and ionized calcium levels were significantly lower in severe dengue (7.2 + 0.5 mg/dL and 0.96 + 0.10 mmol/L,
respectively) compared with dengue without warning signs (8.5 £ 0.4 mg/dL and 1.18 + 0.06 mmol/L, p = 0.01). Strong
negative correlations were observed between calcium levels and disease severity (Spearman’s rho —0.651 for total calcium;
—0.724 for ionized calcium). Mortality was 3%.

Conclusion:
Hypocalcemia, particularly low ionized calcium, correlates strongly with the severity of pediatric dengue and can be a
sensitive early biomarker for risk stratification.

Recommendations:

Routine estimation of ionized calcium should be incorporated into the clinical evaluation of dengue in children. Early
correction of hypocalcemia may prevent complications. Larger multicenter studies are warranted to validate calcium
monitoring as a prognostic and therapeutic tool.
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Introduction Dengue fever is one of the most prevalent mosquito-borne
viral infections worldwide, transmitted primarily by Aedes
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aegypti and Aedes albopictus. It remains a major global
health threat, with an estimated 390 million infections
annually, of which nearly 96 million present with clinical
manifestations [1]. India contributes significantly to the
global dengue burden, with seasonal epidemics and a rising
proportion of pediatric cases reported in recent years [2].
Children are particularly vulnerable to severe forms such as
dengue hemorrhagic fever (DHF) and dengue shock
syndrome (DSS), which carry high morbidity and mortality
[3].

The clinical spectrum of dengue ranges from mild febrile
iliness to severe, life-threatening disease characterized by
plasma leakage, hemorrhage, and multiorgan dysfunction
[4]. Early recognition of patients at risk of developing severe
dengue remains a clinical challenge. Conventional
hematological markers, including thrombocytopenia and
hemoconcentration, are commonly used in monitoring, but
these often reflect severity only after complications arise [5].
Consequently, there is increasing interest in identifying
biochemical markers that could serve as early predictors of
severity.

Calcium homeostasis plays a critical role in cellular
signaling, endothelial integrity, and coagulation pathways.
Emerging evidence suggests that serum calcium levels,
especially ionized calcium, decline significantly during
dengue infection and correlate with disease severity [6].
Monitoring calcium levels in children may therefore aid in
early risk stratification and timely intervention.

Despite these observations, the role of hypocalcemia as a
prognostic marker in pediatric dengue remains
underexplored in the Indian context. The present study was
therefore undertaken to estimate serum total and ionized
calcium levels in children with dengue and to determine
their correlation with disease severity. Identifying such
associations may provide a simple, cost-effective tool for
early recognition of severe disease and guide appropriate
management strategies.

Materials and Methods

Study Design and Setting:

This was a cross-sectional observational study conducted in
the Department of Pediatrics at Niloufer Hospital, Osmania
Medical College, Hyderabad, a tertiary-care referral center,
during the period from September 2021 to August 2023.

Study Population:
Children aged 1 month to 12 years admitted with
serologically confirmed dengue infection were included.
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Diagnosis was established by a positive NS1 antigen and/or
IgM ELISA test.

Inclusion Criteria:

Children aged 1 month to 12 years with confirmed dengue
infection (NS1Ag or IgM ELISA positive).

Exclusion Criteria:

Children with no serological evidence of dengue.

Children with known endocrine, hepatic, or renal disorders.
Children with clinically diagnosed rickets.

Sample Size:

The sample size of 100 children was determined based on
the annual dengue admission load at Niloufer Hospital and
feasibility within the 24-month study period. Previous
pediatric dengue studies conducted in similar tertiary-care
settings have reported sample sizes ranging from 80 to 150,
indicating that a cohort of 100 provides adequate power to
detect clinically meaningful differences in serum calcium
levels across severity categories. All eligible consecutive
cases during the study period were included to maximize
precision and minimize selection bias.

Data Collection:

After obtaining informed consent from parents/guardians,
detailed demographic and clinical data were recorded using
a structured proforma. Clinical evaluation included
presenting symptoms, vital parameters, and systemic
examination findings. Laboratory investigations performed
included complete blood count, hematocrit, liver function
tests, renal function tests, electrolytes, total serum calcium,
ionized calcium, and dengue serology.

Measurement of Calcium Levels:

Total serum calcium was measured using a colorimetric
method, and ionized calcium was measured with an ion-
selective electrode analyzer. All measurements were
performed within 24 hours of admission.

Classification of Severity:

Patients were categorized as per the WHO 2009
classification into:

Dengue without warning signs

Dengue with warning signs

Severe dengue

Bias
Several measures were taken to minimize potential sources
of bias. All eligible children with serologically confirmed



Page

|3

dengue were enrolled consecutively to reduce selection bias.
Clinical assessments and laboratory measurements,
including serum total and ionized calcium levels, were
performed within the first 24 hours of admission using
standardized protocols to limit measurement bias.
Classification of dengue severity followed the WHO 2009
criteria to ensure uniform outcome assessment and reduce
misclassification bias. Data collection was carried out using
a structured proforma, and cross-checking of entries was
performed to minimize information bias.

Statistical Analysis:

Data were entered into Microsoft Excel and analyzed using
SPSS version 17.0. Continuous variables were presented as
mean + standard deviation, and categorical variables as
frequencies and percentages. Differences in serum total
calcium and ionized calcium levels across the three dengue
severity groups were assessed using one-way ANOVA, and
the corresponding p-values have been reported in the Results
section. The relationship between calcium levels and disease
severity was evaluated using Spearman’s rank correlation
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coefficient. A p-value <0.05 was considered statistically
significant.

Ethical Considerations:

The study was approved by the Institutional Ethics
Committee of Osmania Medical College, Hyderabad.
Written informed consent was obtained from parents or
guardians of all participants.

Results

Participant Flow

During the 24-month study period, 124 children were
admitted with suspected dengue infection. Of these, 24 were
excluded—15 had negative serology (NS1Ag and IgM
ELISA negative), 5 had pre-existing renal or endocrine
disorders, and 4 had incomplete laboratory data. Thus, a
total of 100 children met the eligibility criteria and were
enrolled for final analysis. All enrolled patients had
complete clinical and biochemical data, including serum
calcium measurements(Figure 1).

Children admitted with suspected dengue (n = 124)

.

Excluded (n = 24)

]
I

y

Serology negative = 15
Pre-existing disorders = 5
Incomplete data = 4

.

Eligible and included (n = 100)

Completed analysis (n = 100)

Figure 1. Participant Flow Diagram

The mean age was 5.8 + 3.6 years, with the majority belonging to the 5-10 year age group (42%). There was a slight male
preponderance (58%), and most participants belonged to lower and upper-lower socioeconomic strata (55%) (Table 1).

Table 1. Demographic Profile of Children with Dengue (n=100)

Variable Category n (%)

Age (years) <1 14 (14.0)
1-5 22 (22.0)
5-10 42 (42.0)
10-12 22 (22.0)

Gender Male 58 (58.0)
Female 42 (42.0)
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Socioeconomic status Lower + Upper lower 55 (55.0)
Lower middle + Upper middle 45 (45.0)
Mean age = SD 5.8 £ 3.6 years
Clinical Profile feed (32%), and bleeding manifestations (23%).

Page | 4 All patients presented with intermittent fever. The most  Neurological and renal symptoms such as altered sensorium
frequent associated symptoms were joint pain/myalgia  (7%) and reduced urine output (12%) were less common
(76%), vomiting (44%), abdominal pain (33%), refusal to  (Table 2).

Table 2. Clinical Symptoms at Presentation

Symptom n (%)

Fever (intermittent) 100 (100.0)
\Vomiting 44 (44.0)

Abdominal pain 33 (33.0)

Joint pain/myalgia 76 (76.0)

Bleeding manifestations 23 (23.0)

Refusal to feeds 32 (32.0)

Altered sensorium 7(7.0)

Reduced urine output 12 (12.0)

Vital Signs and Examination Findings capillary refill in 14%. On examination, pallor was

At admission, tachycardia was present in 25% of cases, ~documented in 24%, tender hepatomegaly in 38%, and
tachypnea in 16%, hypotension in 17%, and abnormal  abdominal distension in 13% of patients (Table 3).

Table 3. Vital Signs and Examination Findings

Finding n (%)

Tachycardia 25 (25.0)
Tachypnea 16 (16.0)
Hypotension 17 (17.0)
Abnormal capillary refill 14 (14.0)
Pallor 24 (24.0)
Tender hepatomegaly 38 (38.0)
Distended abdomen 13 (13.0)

Laboratory Findings enzymes were elevated, with a mean SGOT of 166 1U/L and

The mean hemoglobin was 11.5 + 1.8 g/dL, hematocrit 36.2 ~ SGPT of 98 1U/L. Abnormal renal function was observed in
+ 5.6%, and total leukocyte count 7236 + 3046/mm3. The 8% of patients. Dengue serology was positive for NS1Ag in
mean platelet count was 97,220 + 68,089/mm3. Liver 56% and IgM in 44% (Table 4).

Table 4. Laboratory Parameters

Parameter Mean + SD
Hemoglobin (g/dL) 115+1.8
Hematocrit (%) 36.2+5.6

TLC (/mm3) 7236 + 3046
Platelet count (/mm?) 97,220 + 68,089
SGOT (IU/L) 166 + 847
SGPT (IU/L) 98 + 289
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Abnormal renal function

8 (8.0%)

Dengue serology — NS1Ag

56 (56.0%)

Dengue serology — IgM

44 (44.0%)

Correlation of Serum Calcium with Dengue

Page | 5 Severity

Based on WHO criteria, 51% of cases were classified as
dengue without warning signs, 42% as dengue with warning
signs, and 7% as severe dengue. A significant decline in both

total serum calcium and ionized calcium levels was
observed with increasing severity. Severe dengue cases had
the lowest calcium values (7.2 = 0.5 mg/dL and 0.96 + 0.10
mmol/L, respectively), with a significant association (p =
0.01) (Table 5).

Table 5. Dengue Severity and Serum Calcium Levels

Diagnosis Total Calcium (mg/dL) Mean % | lonized Calcium  (mmol/L)
g sD Mean + SD

ae:r})glt;e without warning signs 85+04 118 + 0.06

Dengue with warning signs (n=42) | 7.9+ 0.5 1.06 £ 0.07

Severe dengue (n=7) 7.2+05 0.96 +0.10

p-value 0.01* 0.01*

Outcomes and Correlation Analysis

The mean hospital stay was six days, with 70% requiring
admission for 5-10 days. Most patients were discharged in
stable condition (97%), while 3% succumbed to illness.

Platelet counts were lowest in severe dengue (40,143 *
26,105/mm?3). Spearman’s correlation revealed a strong
negative association between disease severity and both total
calcium (r = —0.651, p<0.05) and ionized calcium (r = —
0.724, p<0.05) (Table 6).

Table 6. Clinical Outcomes and Correlations

Variable

Observation

Hospital stay (5—10 days)

70 (70.0%)

Outcome — Discharged

97 (97.0%)

Outcome — Death

3 (3.0%)

Platelet count is lowest in severe dengue

40,143 * 26,105 /mm3

Spearman’s rho correlation

Total calcium: —0.651 (p<0.05)
lonized calcium: —0.724 (p<0.05)

Discussion

Dengue fever continues to impose a considerable pediatric
health burden in India, with children forming a large
proportion of admissions during seasonal outbreaks. The
mean age of affected participants in this study was 5.8 years,
with the highest concentration in the 5-10 year group, a
pattern similar to findings reported in earlier Indian pediatric
cohorts [1,2]. A slight male predominance was noted, which
aligns with observations that boys may have greater outdoor
exposure to mosquito breeding environments [3].

Clinical Profile
Fever was universal among the children included in this
study. Musculoskeletal symptoms, particularly myalgia and

arthralgia, were frequent and consistent with classical
descriptions of dengue infection [4]. Gastrointestinal
symptoms such as vomiting and abdominal pain were also
prominent, and abdominal pain remains recognized as an
important warning sign under the WHO classification [5].
Nearly one-fourth of the children exhibited bleeding
manifestations, reflecting trends reported in other Asian
pediatric studies [6].

Calcium and Disease Severity

A central observation in this study was the progressive
decline in both total and ionized calcium levels with
increasing dengue severity. lonized calcium showed the
most pronounced reduction, and correlation analysis
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demonstrated a strong negative association with disease
severity. These findings correspond with earlier reports that
highlighted the role of calcium in endothelial stability and
the tendency of calcium levels to fall more markedly in
severe dengue [7]. The broader pediatric evidence also
substantiates hypocalcemia as a sensitive indicator of
escalating severity [8], and several clinical datasets have
described hypocalcemia as a common biochemical
abnormality in moderate to severe dengue [9].

Multiple mechanisms have been proposed to explain
calcium disturbances in dengue. These include increased
intracellular calcium flux during viral replication, plasma
leakage due to endothelial dysfunction, and dysregulation of
parathyroid hormone or vitamin D homeostasis [7,10].
Given that ionized calcium represents the physiologically
active component, its stronger association with severity is
biologically plausible.

Hematological and Biomarker Correlation
Beyond calcium disturbances, severe dengue is frequently
accompanied by pronounced thrombocytopenia and altered
leukocyte patterns, and similar trends were observed in this
study. These hematological abnormalities remain key
indicators of disease progression. Emerging pediatric
evidence further supports the use of biochemical and
inflammatory markers for early risk prediction. Early
biomarker panels have shown utility in anticipating
progression to severe disease [11], and elevated ferritin
levels have been associated with adverse outcomes in severe
pediatric dengue [12]. Serial monitoring of cardiovascular
and inflammatory biomarkers has also demonstrated
dynamic changes during dengue shock syndrome [13].
Collectively, these findings reinforce the role of
biochemical markers, including calcium, in refining early
risk stratification.

Generalizability

The findings of this study, conducted in a single tertiary care
center in South India, provide important insights into the
correlation of serum calcium with dengue severity in
children. While the results strongly suggest the utility of
ionized calcium as an early biomarker, their generalizability
may be limited by regional epidemiological variations,
single-center design, and absence of serial calcium
monitoring. However, given the biological plausibility and
consistency with prior studies, these results are likely
applicable to similar pediatric populations in endemic
regions.
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Conclusion

This study demonstrates a significant association between
hypocalcemia and the severity of dengue in children, with
ionized calcium emerging as a more sensitive predictor than
total serum calcium. Severe dengue cases consistently
exhibited markedly reduced calcium levels, along with
lower platelet counts and prolonged hospitalization. The
strong negative correlation highlights the potential of
ionized calcium as a simple, cost-effective biomarker for
early risk stratification in pediatric dengue. Incorporating
routine estimation of serum calcium, particularly ionized
calcium, into clinical evaluation can facilitate timely
intervention, minimize complications, and improve
outcomes. Multicenter prospective studies are warranted to
validate its prognostic and therapeutic implications.

Limitations

This study was limited by its single-center design and
modest sample size. Serum calcium was assessed only at
admission without serial monitoring during illness. Other
determinants of calcium homeostasis, such as phosphate,
magnesium, vitamin D, and parathyroid hormone, were not
evaluated, potentially influencing observed associations.

Recommendations

Routine monitoring of serum calcium, particularly ionized
calcium, should be incorporated into the standard evaluation
of pediatric dengue cases, as it may serve as a simple and
reliable biomarker of disease severity. Early recognition and
correction of hypocalcemia could help prevent
complications such as shock, myocardial dysfunction, and
seizures. Clinicians should consider calcium levels
alongside conventional hematological parameters for more
comprehensive risk stratification. Multicenter, prospective
studies with larger cohorts are recommended to validate
these findings and explore the therapeutic role of calcium
supplementation in severe dengue. Integration into national
dengue management protocols may improve pediatric
outcomes.
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